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Abstract: Chemosensor Z including benzothiazole fluorophore was synthesized and characterized 

with NMR and HRMS spectroscopic techniques. Z exhibited fluorescence turn-on and 

ratiometric absorbance detection of Al
3+

 ions based on the combination mechanism of CHEF and 

ESIPT processes. Moreover, the stiochiometry between Z and Al
3+

 were determined 2:1 through 

job’s plot and HRMS, and the limit of detection was determined as 8.47 nM which was qualified 

in the detection of Al
3+

 in drinking water. Especially, Z was achieved in fast identification the 

existence of Al
3+

 by filter paper, and cell imaging in human stromal cell (HSC). 
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1. Introduction 

Aluminum, one of the most abundant metal elements in the earth's crust, is closely associated 

with our daily life [1-4]. However, abnormal concentrations of Al
3+ 

in the human body is 

detrimental to the health of human owing to it can cause a number of diseases, such as 

Alzheimer’s disease,  Parkinson’s disease, liver damages, amyotrophic lateral sclerosis, anemia, 

and hemochromatosis [5-8]. Moreover, high concentration of Al
3+ 

has obvious reverse effects on 

the growth of seeds and roots [9, 10] and can kill fish in acidified water [11]. So, it is a challenge 

to find an efficient method for qualitative and quantitative analysis of Al
3+ 

in complex 

environments and vivo as well.  

Recently, many researchers have paid more attention on the development of fluorescent 

probe, but the detection and quantification of Al
3+

 is always a challenging work owing to the 

strong hydration of Al
3+

 in aqueous media, thus leading to its weak coordination ability compared 

with transition metals. Although a lot of fluorescent probe were successfully developed in the 

detection of Al
3+

, there are still some deficiencies, such as weak selectivity, poor solubility in 

water and muti-step synthetic methods, which limit their further application. Therefore, 

advancement in the synthesis of sensitive, selective and water solubility of Al
3+

 probes is still in 

high demands. 2-(2’-Hydroxyphenyl) benzothiazole (HBT) as a fluorophore have been widely 

used in construction chemosensors in the recent years because of its distinguished properties in 

photophysical and photochemical fields mainly embodied in its facile structural modification,  

dual emission via the excited state intramolecular proton transfer (ESIPT), and excellent photo 

stability [12-14]. Furthermore, Al
3+

, known as a hard acid, prefers a hard-base coordination sphere 

containing N and O as the binding sites [15-17], in order to improve the binding ability with Al
3+

, 

http://www.baidu.com/link?url=lDun8SPMHt-EWX4ztwqzzL3MqIdccJfyVcmNC-GDEqX84oXy7jF9I8bTnMOmYz1E6RnYZ3M1Z1rtTzON4XldfPld5aVvbbNJ0H4k5skjv7TM4tz4p-CRfhYxoGtruC_PRMHvC4EYZAdkNUaxyCvCPq
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as show in Scheme 1, a novel HBT-based fluorescent chemosensor Z, affording N and O as 

binding sites, had been synthesized by condensation reaction of compound 2 with 

4-Hydroxybenzohydrazide. The chemosensor Z itself had weak light yellow fluorescence, due to 

the C=N isomerization and possible two-way ESIPT process (Scheme 2). After the chemosensor Z 

coordinate with Al
3+

, the C=N isomerization and ESIPT processes were both inhibited, hence 

leading to the chelation induced enhanced fluorescence (CHEF). The exciting results showed that 

chemosensor Z exhibited highly selectivity to Al
3+

 with a significant fluorescence enhancement 

and ratiometric absorption detection in DMF-H2O (1/9, v/v, pH = 7.4, 0.01 M HEPES). Moreover, 

chemosensor Z was achieved in the detection of Al
3+

 in real water samples, test paper, CIE 

diagram and cell imaging in human stromal cell (HSC). 

2. Experimental 

2.1. Materials and instruments 

   Unless otherwise specified, all the solvents and reagents (analytical or spectroscopic grade) 

were obtained commercially and used without further purification. 
1
H NMR spectra and 

13
C NMR 

spectra were recorded on a Bruck AV-600 spectrometer. Chemical shifts (δ) are reported in ppm 

using DMSO-d6 as the solvent. Absorption spectra were recorded on a Pgeneral TU-1901 UV–vis 

spectrometer at 25 ℃. Fluorescence measurements were measured on a Perkin Elmer LS55 

fluorescence spectrometer. Mass spectra were measured on a Waters Xevo UPLC/G2-SQ Tof MS 

spectrometer. The melting point was measured on a Beijing XT4-100X microscopic melting point 

apparatus. The pH measurements were recorded using a model PHS-3C meter (Shanghai, China). 

Cell images were collected using a laser confocal microscope (Leica, TCS SP2 AOBS). 
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2.2. Synthesis 

2.2.1 Synthesis of compound 1-2 

According to reported methods, compound 2-(benzo[d]thiazol-2-yl) phenol (1), which was 

synthesized through condensation reaction of 2-aminobenzenethiol with 

2-hydroxy-5-methylbenzaldehyde [18], was used for the synthesis of 

3-(benzo[d]thiazol-2-yl)-2-hydroxybenzaldehyde (2) through Duff reaction [19]. Sensor Z was 

prepared through condensation reaction between compound 2 and 4-hydroxybenzohydrazide 

(Scheme 1). 

2.2.2 Synthesis of Sensor Z 

The compound 2 (99.5 mg, 0.37 mmol) and 4-Hydroxybenzohydrazide (58 mg, 0.38 mmol) 

were dissolved in ethanol (20 mL), and then the reaction mixture was refluxed 4 h (monitored by 

TLC). After completion of reaction, the mixture was cooled to room temperature. The solid was 

filtered, washed 5 times with ethanol and dried under vacuum to get the light yellow product Z 

(122 mg, yield 82%). 
1
H NMR (600 MHz, DMSO-d6) (Fig. S1) δ (ppm) 13.42 (s, 1H), 12.18 (s, 

1H), 10.23 (s, 1H), 8.66 (s, 1H), 8.22 (s, 1H), 8.17 (d, J = 8.0 Hz, 1H), 8.09 (d, J = 8.0 Hz, 1H), 

7.87 (d, J = 8.5 Hz, 2H), 7.60 – 7.52 (m, 2H), 7.47 (td, J = 7.7, 1.0 Hz, 1H), 6.91 (d, J = 8.7 Hz, 

2H), 2.40 (s, 3H). 
13

C NMR (151 MHz, DMSO-d6) (Fig. S2) δ (ppm) 163.03, 162.45, 161.00, 

153.88, 151.26, 147.08, 134.84, 133.01, 130.05, 129.74, 128.47, 126.34, 124.98, 122.80, 122.18, 

121.91, 119.42, 119.39, 115.09, 19.83. HRMS (m/z) (TOF MS ES
-
) (Fig. S3): calcd for 

C22H16N3O3S: 402.0912 [M-H]
-
, found: 402.0903. 

 

 

http://www.baidu.com/link?url=Q9GUUBO__4b5kRcPyvMQkQhkduigzlAgz8drYzSixtrdZHfkAliw47Nrq-ENy21Hmqv1ZMjJDywTuNVralvjjwhei8ou_RyxT7RlNWQFd-q9u7nEfc4XmGH1RvxV3kXg
http://www.baidu.com/link?url=Q9GUUBO__4b5kRcPyvMQkQhkduigzlAgz8drYzSixtrdZHfkAliw47Nrq-ENy21Hmqv1ZMjJDywTuNVralvjjwhei8ou_RyxT7RlNWQFd-q9u7nEfc4XmGH1RvxV3kXg
http://www.so.com/link?url=http://dict.youdao.com/search?q=ethanol&keyfrom=hao360&q=%E4%B9%99%E9%86%87%E8%8B%B1%E6%96%87&ts=1526541860&t=406bb7cb63f81efca18bbc5c8da1c9e
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Scheme 1. Synthesis of sensor Z. 

2.3. General information 

     The stock solution of Z (0.1 mM) was prepared in DMF, then diluted with HEPES buffer 

(10 mM, pH 7.4)/DMF (1/9, v/v) to 10 μM for the measurement of UV-vis absorption and 

fluorescence spectra, respectively. The stock solutions (10 mM) of the cationic salts (Na
+
, K

+
, 

Mg
2+

, Ca
2+

, Ba
2+

, Cr
3+

, Mn
2+

, Fe
2+

, Fe
3+

, Co
2+

, Ni
2+

, Cu
2+

, Ag
+
, Zn

2+
, Cd

2+
, Hg

2+
, Al

3+
 and Pb

2+
)
 

were prepared with ultrapure water, respectively. The excitation was set at 350 nm for the 

measurement of fluorescence, and slit widths of the excitation and emission were 10 nm and 10 

nm, respectively. 

2.4. Preparation of [Z-Al
3+

] 

The compound Z (10 mg, 0.025 mmol) and Al(NO3)3·9H2O (9.4 mg, 0.025 mmol) were 

dissolved in ethanol (10 mL). Then the mixture was refluxed for 2 h under stirring. The solution 

turned to deep yellow and cooled to the temperature. The Z-Al
3+

 complexes were obtained by 

removing the solvent under reduced pressure. Yield: 86%, color: yellow solid. 

2.5. Cell culture and staining 

The human stromal cell (HSC) purchased from ATCC (CRL-4003) was routinely cultured in 

1:1 mixture of DMEM medium and F-12 medium supplemented with 10% heat-inactivated FBS, 

100 U/mL penicillin, 100 μg/mL streptomycin, and 1mM sodium pyruvate at 37 ℃, 5% CO2 for 
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maintained. After plant HSC into 35 mm plates at concentration of 5×10
4
 cells/cm

2
, the media 

without FBS or antibiotic, was used for culture cells and chemical treatment. These cells were 

incubated 1 hour with different amounts of Al
3+

 (0, 5 and 50 µM). Then fibroblast cells of every 

group were washed with PBS 3 times and were fixed by using a standard paraformaldehyde 

fixation protocol. After fixation, fibroblast cells were rinsed with 4:6 mixture solution of DMF and 

water and then stained by incubating for 2 hours with Z (1×10
-4

 M). Lastly, the cells were 

mounted in standard mounting media and imaged by laser confocal microscope. The excitation 

wavelength and an emission wavelength were set at 405 nm and 490 nm, respectively. 

3. Results and Discussion 

The chemosensor Z was synthesized and characterized by 
1
H NMR, 

13
C NMR and HRMS 

spectrum analysis depicted in scheme 1. 

3.1. UV-vis and Fluorescence spectra characteristics for ions  

The fluorescence spectral responses of Z toward different metal ions (Mn
2+

, Na
+
, Ni

2+
, Ca

2+
, 

K
+
,Mg

2+
, Ba

2+
, Cr

3+
, Fe

2+
, Fe

3+
, Co

2+
, Cu

2+
, Zn

2+
, Ag

+
, Hg

2+
, Cd

2+
, Al

3+
 and Pb

2+
)
 
were 

investigated to ascertain the selectivity of Z in DMF/H2O(1/9, v/v, pH = 7.4, 0.01 M HEPES). As 

shown in Fig. 1a, probe Z displayed a weak fluorescence-emission (λem = 506 nm) which may be 

due to the two aspects as followed. Firstly, the isomerization of C=N moiety, reported by some 

researchers [20-22], was the dominant decay process. Secondly, the possible two-way ESIPT 

process of Z could lead to fluorescence quenching caused by the nonradiative decay of the excited 

state (Scheme 2) [23-25]. Interestingly only Al
3+

 caused a drastic enhancement in the emission 

intensity of Z with a prominent peak at 496 nm, which induced by the inhibition of C=N 
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isomerization and ESIPT processes upon the coordination of Al
3+ 

with Z, hence causing chelation 

induced enhanced fluorescence (CHEF) [23, 24]. Moreover, the solution of Z displayed a visible 

color change from light yellow to brilliant cyan, which easily detected by naked-eye under UV 

light of 365 nm. As for UV-visible absorbance spectrum, the free Z showed two absorption bands 

at 300 and 375 nm in DMF/H2O (1/9, v/v, pH = 7.4, 0.01 M HEPES) solution. However, upon 

addition of Al
3+

, the absorption band at 375 nm disappeared and new bands at 325 nm, 340 nm, 

425 nm were observed, indicated the formation of complexation between Z and Al
3+

 (Fig. 1b). 

These results indicated the possibility of probe Z for the identification of Al
3+

 with good 

selectivity.  

 
Fig. 1. (a) Fluorescence emission spectra (λex=350 nm) of Z (10 μM) in the presence of 5 equiv. of various metal 

ions in DMF-H2O(1/9, v/v, pH = 7.4, 0.01 M HEPES). Inset: The color changes of Z (10 μM) in the presence of 

Al3+ ions (5 equiv.) in DMF-H2O (1/9, v/v, containing 0.01 M HEPES, pH = 7.4) under UV light of 365 nm. (b) 

Absorption spectra of Z (10 μM) recorded without and with 5.0 equiv. Al3+ in DMF-H2O(1/9, v/v, pH = 7.4, 0.01 

M HEPES). 

 
Scheme 2. Probable two-way ESIPT of sensor Z. 
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Subsequently, the experiments including fluorescence and UV–vis titration were measured in 

order to evaluate the sensing ability of Z to Al
3+

, respectively (Fig. 2). Upon the addition of Al
3+

 

(0–1.0 equiv.) to the solution of Z, the emission intensity at 496 nm increased gradually and then 

almost reached a platform when the addition of Al
3+

 was 5μM (0.5 equiv.) (Fig. 2a), indicating the 

2:1 binding ratio of Z with Al
3+

. Plotting of the fluorescence intensity at 496 nm versus the 

concentration of Al
3+

 (0-3 μM) showed a good linear relationship (R
2
 = 0.99636) (Fig. S4). 

Moreover, a significant red-shift with two isobestic points at 356 and 388 nm was observed upon 

the gradual addition of Al
3+

 (Fig. 2b), and the absorbance intensity ratios of Z at 427 nm and 367 

nm (A427 /A367) increased linearly with the amount of Al
3+

 ranging from 1.2 μM to 3.2 μM (Fig. 

S5), showing a clear ratiometric absorbance response of the probe Z towards Al
3+

. The detection 

limits of probe Z for Al
3+ 

were found as low as 4.08×10
-8

 M and 8.47×10
-9

 M for fluorescence and 

absorbance-ratiometric detection, respectively, both of which were quite lower than the 

requirement (maximum contaminant is 7.4 μM) of the U.S. Environmental Protection Agency 

(EPA). This result showed that probe Z had high sensitivity towards Al
3+

 ion, and was qualified in 

the detection of Al
3+

 in drinking water.  

 

Fig. 2. (a) Fluorescence spectra of Z (10 μM) on addition of different amount of Al3+ in DMF/H2O (1/9, v/v, pH = 

7.4, 0.01 M HEPES). Inset: fluorescence intensity at 496 nm versus the number of equiv. of Al3+ added. (b) 

UV–vis absorption spectra of Z (10 μM) in DMF/H2O (1/9, v/v, pH = 7.4, 0.01 M HEPES) upon the addition of 
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Al3+ (1.2-3.2 μM). Inset: absorbance intensity at 427 nm/367 nm as a function of Al3+ (0.12–0.32 equiv.) in 

DMF/H2O(1/9, v/v, pH = 7.4, 0.01 M HEPES). 

To further confirm the 2:1 stoichiometry between Z and Al
3+

, Job’s plot analysis was 

performed in DMF/H2O (1/9, v/v, pH = 7.4, 0.01 M HEPES). As show in Fig. 3, the maximum 

emission intensity of the tested solution was seen when the mole ratio of Al
3+

 appeared at 0.3, 

indicating the 2:1 binding mode between Z and Al
3+

. This result was further confirmed by a peak 

at m/z 831.1619, which was assignable to [2Z - 2H
+
 + Al

3+
]

+
 (calcd. m/z 831.1640) in the ESI 

mass spectrum (Fig.4). According to the nonlinear curve fitting of the fluorescence and UV–vis 

titration data, the binding constants of probe Z for Al
3+

 were determined as 2.139×10
5 

M
-1 

and 

1.556×10
5 
M

-1 
(Fig. S6-S7), respectively, based on the Benesi-Hildebrand plot. This result showed 

the excellent stability of Z-Al
3+

 complex.  

 

Fig. 3. Job plot of Al3+ complex formation. {[Al3+]/([Al3+] + [Z])} is the molar fraction of Al3+ ion.  
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Fig. 4. ESI–MS spectrum of Z (50 μM) upon addition of 5 equiv. of Al3+ in DMF. 

Moreover, the high stability of Z-Al
3+

 complex was evaluated through reversibility analysis 

of Z for Al
3+

 in DMF/H2O (1/9, v/v, pH = 7.4, 0.01 M HEPES). According to recent reports, F
-
 

and EDTA
2-

 had been used to study the reversibility of Z for aluminum ions [26, 27], so we 

conducted the reversibility experiment on the probe Z (10 μM) for Al
3+

 (10 μM) mixed with F
-
 

and EDTA
2-

 (10 μM) (Fig. 5), respectively. The absorption and fluorescence spectra of Z-Al
3+ 

+ 

EDTA
2- 

and Z-Al
3+

+ F
-
 were almost same as that of Z-Al

3+
, respectively, which verified the higher 

binding constant of Z-Al
3+

 complex. The comparative analysis between Z and some previously 

reported sensors were summarized in Table 1. 

 

Fig. 5. (a) The absorption properties of the probe Z in response to Al3+ (1.0 equiv.) in the presence of F- and 

EDTA2- (1.0 equiv.) in DMF/H2O(1/9, v/v, pH = 7.4, 0.01 M HEPES). (b) Fluorescence spectra of Z in response to 

Al3+ (1.0 equiv.) in the presence of F- and EDTA2- (1.0 equiv.) in DMF/H2O (1/9, v/v, pH = 7.4, 0.01 M HEPES). 
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Table 1. Comparison of different properties of Z with recently reported probes used as fluorescent sensor for Al3+. 

Ref. 
Methods of  

detection 
Detection Medium LOD 

Binding  

Constants 
Recovery 

pH 

range 

[28] Ratiometric fluorescent CH 3CN/H2O (1:3) 8×10-7 M 4.9×104 M-1 NR 3-10 

[29] Fluorescent Methanol 9.24×10-7 M 9.1×104 M-1 F- NR 

[30] 
Colorimetric  

and fluorescent 
Ethanol/H2O (3:1) 3.48×10-8 M 1.3×104 M-1 EDTA2- 5-11 

[31] Fluorescent Ethanol 2.72×10-9 M 5.06×104 M-1 EDTA2- NR 

[32] Fluorescent 
Tris-HCl aqueous buffer 

(0.2% methanol, pH=7.0) 
9.2×10-8 M NR F- NR 

[33] Fluorescent 
DMSO/H2O (1:5) 

HEPES pH = 7.2 
1.05×10-8 M 8.5×105 M-1 F- 4-10 

[34] Fluorescent CH 3CN 3.1×10-7 M 5.44×104 M-1 NR NR 

[35] Fluorescent Methanol 1.59×10-7 M 6.37×104 M-1 EDTA2- NR 

[36] Fluorescent DMF/H2O (9:1) 6.7×10-6 M 3.21×106 M-1 EDTA2- 5-13 

This 

work 

Ratiometric absorbance  

fluorescent 

DMF/H2O (1:9) 

HEPES pH = 7.4 

8.47×10-9 Ma 

4.08×10-8 Mb 

1.556×105 M-1 

2.139×105 M-1 

None of  

EDTA2- and F- 
4-10 

LOD: The limit of detection; NR: Not reported in the corresponding paper. 

In order to determine the selectivity of the probe Z to aluminum ions in the presence of other 

cations, we also conducted the competitive experiment on the probe Z (10 μM) for Al
3+

 (50 μM) 

mixed with other tested metal ions (Na
+
, K

+
, Mg

2+
, Ca

2+
, Ba

2+
, Cr

3+
, Mn

2+
, Co

2+
, Ni

2+
, Cu

2+
, Zn

2+
, 

Cd
2+

, Hg
2+

 and Pb
2+

)
 
(50 μM) (Fig. 6).The fluorescence intensity of Z-Al

3+
 complexation was 

almost unaffected except for Co
2+

, Ni
+
, and Cu

2+
,
 
which could inhibit the emission intensity (496 

nm) to different extent. Although Co
2+

, Ni
2+

 had interference on the detection of Al
3+

, the 

fluorescence intensity was still strong enough for the Al
3+

detection. The existence of Cu
2+ 

almost 

quenched the fluorescence intensity due to its paramagnetic effect. Hence, Z has its limitation in 

that it can detect Al
3+

 in the presence of most metal ion except Cu
2+

.  
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Fig. 6. Competition experiment of Z toward Al3+ in the presence of 5 equiv. of other cations. [Z] = 10 μM, [Al3+] 

= 50 μM, and [Xn+] = 50 μM in DMF/H2O (1/9, v/v, pH = 7.4, 0.01 M HEPES). λex = 350 nm. 

3.2. Binding mode and sensing mechanism 

The FT-IR spectra of Z and Z-Al
3+

 complexes were measured (Fig. 7), respectively. 

Compared with the FT-IR spectra of Z, the OH absorption at 3409 cm
-1

 vanished and the C-O of 

phenolic hydroxyl shifted from 1278 cm
-1

 to 1373 cm
-1

 in the FT-IR spectra of Z-Al
3+

 complexes, 

indicated the deprotonation of phenolic hydroxyl and the coordination of oxygen atom with the 

Al
3+

 ion. Moreover, the typical imide absorption of -C=N- shifted from 1595 cm
-1

 to 1542 cm
-1

, 

which could be caused by the coordination of the imide N atom to the Al
3+

 ions according to 

previous reports [37]. 

 

Fig. 7. FT-IR spectra of Z and Z-Al3+ complex. 
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The 
1
H NMR experiments in the absence and presence of Al

3+
 were carried out in DMSO-d6 

to understand the exact binding mode of Z-Al
3+

. As show in Fig. 8, the proton signal of phenolic 

hydroxyl (Ha) at 13.42 ppm disappeared, indicating that the oxygen atom of phenolic hydroxyl (a) 

of Z was involved in the coordination to Al
3+

. The proton signal of amide (Hc) disappeared 

gradually and a new signal of amide (Hc’) appeared at 9.25 ppm, indicating the isomerization from 

(E)-configuration to (Z)-configuration upon the coordination of nitrogen atom of amide with Al
3+

.  

 

Fig. 8. 1H NMR spectra of Z with Al3+ in DMSO-d6. 

According to the analysis of Job's plot, FT–IR spectra, ESI–MS and 
1
H NMR, a rational 

bonding mode of Z for Al
3+

 was proposed (Scheme 3).   

  

Scheme 3. Probable binding mode of sensor Z with Al3+ ions. 
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3.3. Effect of pH on the fluorescence intensity  

In order to get a good view in the practical applicability of the probe Z, the effect of pH on 

the fluorescence spectrum of Z in the absence and presence of Al
3+

 were measured, respectively. 

As show in Fig. 9a, the probe Z showed a weak fluorescence at 496 nm at pH 7.0, when the pH 

was changed from 8 to 10, the fluorescence spectrum was red-shift accompanied with the 

increased intensity centered at 514 nm. The drastic enhancement in emission intensity of Z in 

basic environment was attributed to the deprotonation of phenolic hydroxyl, resulting in the 

inhibition of ESIPT processes which had been explained in scheme 2. However, when the pH was 

changed from 6 to 2, the fluorescence maximum emission peak was shifted to 551 nm, and the 

fluorescence intensity increased gradually. The red-shift in the acidic environment might be 

attributed to the enhancement of the electron-withdrawing ability of the benzothiazol group upon 

binding the H
+
, thereby enhancing the ICT process upon photoexcitation [38, 39] (Scheme S1).  

Furthermore, as show in Fig. 9b, the fluorescence intensity of Z almost did not change at 

551 nm in the range of pH 2-3 upon the addition of Al
3+

. However, significant changes in the 

fluorescence spectrum and fluorescent intensity were observed whatever in acidic or alkaline 

condition (ranging from the pH 4 to pH 10) compared with Z itself in correspondence pH 

condition. These results showed that probe Z could be used as a distinguished probe for Al
3+

 

detection in a wide range from acidic (pH 4) to alkaline (pH 10) medium. Taking above results 

into consideration, the most suitable of pH range for the detection of Al
3+

 was from 4 to 10, based 

on the result of fluorescence intensity at 496 nm as recorded signal at different pH range from 2 

to12 (Fig.S8).  
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Fig. 9. (a) Plot showing the influence of Z (10 μM) in DMF/H 2 O (1:9, v/v) with pH; (b) plot showing the 

influence of solution Z (10 μM)-Al3+ (50 μM) in DMF/H 2 O (1:9, v/v) at different pH medium. 

4. Analytical application 

4.1. Application of Z for Al
3+

 analysis in water samples 

In order to further explore the practical application of Z, experimental verification was 

employed to detect aluminum ions in tap water and pure water. The accuracy was investigated by 

adding a known amount of standard Al
3+

 to the samples (Table 2). The results showed that probe Z 

had good recoverability and high accuracy for the practical application of aluminum ions in water, 

which was of great practical value for the detection of Al
3+

 in environmental analysis.  

Table 2. Determination of Al3+ in water samples from different water sources by standard-addition method (n = 3). 

Water samples 

studied 

Amount of 

standard Al3+ 

added (μmol/L) 

Total Al3+ found 

(n=3) (μmol/L) 

Recovery of Al3+ 

(n=3) added (%) 

RSD 

 (%) 

Relative 

error (%) 

ultrapure water 

0.200 0.203 101.50 1.06 1.50 

0.400 0.406 101.50 1.16 1.50 

Tap water             

(Department of   

Chemistry) 

0.200 0.193 96.50 1.18 -3.50 

0.400 0.405 101.25 1.44 1.25 
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4.2. Application in Test Paper  

     Considering Z has good selectivity to Al
3+

, the colormetric experiments of probe Z for Al
3+ 

on test paper were examined (Fig. 10). Test papers were emerged in the solution of Z mixed with 

different concentrations of Al
3+ 

(0-3 μM) and then dried in air. With increased concentration of 

Al
3+

, the test paper displayed a visible color change from light yellow to brilliant cyan, facilitating 

in the “naked-eye” detection of Al
3+

 under UV light of 365 nm. Hence, this interesting result 

showed that such test papers had potential application in the fast detection the existence of Al
3+

 in 

a certain system. 

 

Fig. 10. The photographs of probe Z on test strips with different concentrations of Al3+ at room temperature under 

365 nm UV light. 

4.3. Application in CIE diagram 

     For better understand the trace of the fluorescence changes of the probe Z with addition of 

aluminum ions, the CIE chromaticity coordinates were also calculated from the emission spectrum 

[40]. The CIE system is a two-dimensional space (XY plane), each point on the chromaticity 

diagram represents a certain color (Fig. S9). The CIE chromaticity coordinates of Z was found to 

be x=0.2579, y=0.5294 at room temperature. Upon the addition of Al
3+

 (0-3 μM) to the solution of 

Z, the CIE chromaticity coordinates of Z-Al
3+

 complex was finally found to be x=0.1441, 

y=0.4183 when the aluminum ions concentration was 3 μM. This result indicates that the color 

coordinates shifts gradually from chartreuse to cyan color region upon progressive addition of Al
3+
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into the solution of Z, which is also consistent with the result of the test paper experiment. 

4.4. Cells imaging 

For evaluation of the potential of detecting Al
3+

 in cells with Z, the human stromal cell 

(HSC), this endometrium fibroblast cell line was derived from the human stromal cells and 

immortalized with hTERT, has been used as an in vetro model. As determined by laser confocal 

microscope (λex= 405 nm, λem= 490 nm) (Fig. 11 A), the cells incubated with 0 µM of Al
3+

 and 0.1 

mM of Z for 2 hours did not give any intracellular fluorescence. When cells were incubated with 5 

µM of Al
3+

 and 0.1 mM of Z for 2 hours, weak fluorescence was observed (Fig. 11 B). After cells 

were incubated with 50 µM of Al
3+

 and 0.1 mM of Z for 2 hours, strong fluorescence appeared 

(Fig. 11 C). These results suggest that the probe Z have potential bio-medical applications.  

 

Fig. 11. (A) The cells was incubated 2 hours with Z (0.1 mM); (B) cells was incubated 5 μM of Al3+ and 0.1 mM 

of Z; (C) cells was incubated 50 μM of Al3+ and 0.1 mM of Z.  
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5. Conclusions 

In conclution, chemosensor Z with benzothiazole fluorophore was synthesized and employed 

in the detection of Al
3+

 ions based on the combination mechanism of CHEF and ESIPT processes. 

Z exhibited fluorescence turn-on and ratiometric absorbance detection of Al
3+

 ions. A 2:1 binding 

mode of Z and Al
3+

 was confirmed by job’s plot and HRMS, and the detection limit (8.47 nM) 

was qualified in the detection of Al
3+

 in drinking water. Moreover, Z was achieved in fast 

determination the existence of Al
3+

 by filter paper, and cell imaging in human stromal cell (HSC). 
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Highlights 

●Chemosensor Z with benzothiazole fluorophore was synthesized and 

characterized.  

●Chemosensor Z indeed exhibits highly selective fluorescence 

responses to Al3+ with a 9-fold fluorescence enhancement and 

ratiometric absorption detection  

●The limit of detection (LOD) for Al3+ was 4.08×10-8 M and 8.47×10-9 M 

for fluorescence and absorbance-ratiometric detection, respectively. 

● Z was successfully applied to form paper strip sensor for Al3+ and cell 

imaging in HSC. 

 


