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Abstract 

A simple and efficient fluorescent chemosensor for Al
3+

 is reported in the paper. 

The chemosensor is obtained by dehydration reaction of 2-hydroxy-1-naphthaldehyde 

and 2-aminophenol. The chemosensor has high selectivity and sensitivity for Al
3+

 and 

displays fluorescence “off-on” switch signal. The detection limit of the chemosensor 

for Al
3+ 

can reach 1.0×10
−7 

M in DMSO/H2O (1:9, v/v) solution. The mass spectra and 

Job’s plot analysis confirm the 1:1 stoichiometry between chemosensor and Al
3+

. 

Potential utilization of the probe as an intracellular sensor of Al
3+

 in human cancer 

(HiSa) cells is also examined by confocal fluorescence microscopy. 
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1. Introduction 

Aluminum is the third most prevalent (8.3% by weight) metallic element in the 

earth. It has been widely used in packing materials, clinical drugs, food additives and 

water purification et al [1-4]. The excess of aluminum can cause many health hazards 

such as Alzheimer’s disease [5,6], Parkinson’s disease [7], Osteomalacia [8], and even 

to the risk of cancer of the breast [9]. Additionally, the World Health Organization 

(WHO) prescribed the average daily human intake of aluminum as around 3-10 mg 

with a weekly tolerable dietary intake of 7 mg·kg
-1 

body weight. The WHO has listed 

Aluminum as a source of food pollution and limited its drinking water concentration 

to 7.41 mM [10]. Therefore, it is necessary and highly desirable to develop some 

analytical methods for detecting and controlling the concentration levels of aluminum 

in the environmental and biological systems. 

In the past ten years, several methods used for quantification of aluminum ion are 

atomic absorption spectrometry (AAS) [11,12], inductively coupled plasma mass 

spectroscopy (ICPMS) [13], inductively coupled plasma atomic emission 

spectrometry (ICP-AES) [14], electrochemical method [15,16] and fluorescent 

chemosensors. Compared with other methods, the fluorescence method can provide a 

simple and cost-effective detection way together with high sensitivity, good selectivity, 

short response time, real-time monitoring [17,18]. However, the poor coordination 

ability of aluminum ion makes it develop slowly. It is because, as a hard acid, 

aluminum ion prefers to coordinate with hard base such as N and O atoms. Schiff 

bases (imine) are well known to be good ligands for metal ions [19,20]. Several 

publications have demonstrated that Schiff bases with proper placement of additional 

N or O as donor atoms can form stable complexes with transition metal ions and have 

been used as the ionophore in optical sensors for determining various cations [21-23]. 

Herein, we designed and prepared a simple chemosensor 1-{[(2-hydroxyphenyl)- 

imino]methyl}naphthalen-2-ol (HPIN) with Schiff-base unit and naphthalene group. 

Based on photoinduced electron transfer (PET) mechanism, the weak fluorescence of 

HPIN happens obvious enhancement with the addition of only Al
3+

. The mass spectra 

and Job’s plot titration curve are be used to study the bonding ratio of HPIN and Al
3+

. 
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In order to develop potential utilization of HPIN, as intracellular sensors, the 

interaction of HPIN with Al
3+

 in human cancer (HiSa) cells is examined by confocal 

fluorescence microscopy. 

 

2. Experimental 

2.1. Materials and instruments 

All chemicals were obtained from commercial suppliers and used without further 

purification.
 1

H NMR spectra were recorded on Bruker 300 MHz spectrometers, the 

chemical shifts (δ) were reported as ppm in DMSO-d6. IR spectra were recorded with 

a ThermoFisher Nicolet iS5 FT-IR spectrophotometer as KBr pellets with absorption 

reported in cm
-1

. Elemental analyses were measured on a EuroVector EA3000 

elemental analyzer. ESI-MS spectra were recorded on an Agilent 6520 Accurate-Mass 

Q-TOF LC/MS mass spectrometer. UV-visible (UV-Vis) spectra were measured with 

a Varian 50 BIO spectrophotometer. Fluorescence spectra were recorded on an F-4600 

fluorescence spectrophotometer equipped with quartz cuvettes of 1 cm path length at 

room temperature. Both the excitation and emission slit widths were 5.0 nm. 

2.2 UV-vis and fluorescence spectra studies  

Stock solutions of various metal ions (1.0 mM) were prepared using nitrate salts. 

A stock solution of HPIN (1.0 mM) in DMSO was prepared. Double-distilled water 

was used throughout the experiments. The working solution of HPIN was then diluted 

to 1.0 μM in DMSO/H2O (1:9, v/v) solution. In fluorescence titration experiments, 

each time a 2 mL solution of L (1.0 μM) was filled in a quartz optical cell of 1 cm 

optical path length, and the ions stock solution were added into the quartz optical cell 

gradually by using a pipette. The binding constants were obtained from the emission 

intensity data following the modified Benesi-Hildebrand equation [24] (A):  

minmax

3

minmaxmin FF

1

])[AlFK(F

1

FF

1







 

 

where Fmin, F, and Fmax are the emission intensities of the organic moiety considered in 

the absence of aluminum ion, at an intermediate aluminum concentration, and at a 

concentration of complete interaction, respectively, and where K is the binding 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 5 

constant. 

2.3 Preparation of HPIN and HPIN/Al
3+

 complex [25,26] 

The fluorescent chemosensor 1-{[(2-hydroxyphenyl)imino]methyl}naphthalen- 

2-ol (HPIN) was designed and synthesized in one step as shown in Scheme 1.  

2-Hydroxy-1-naphthaldehyde (1.72g, 10.0 mmol) in 50 ml absolute ethanol was 

added drop wise into a solution of 2-aminophenol (1.09 g, 10.0 mmol) in 50 ml 

absolute ethanol under stirring. And then, the reaction mixture was further stirred for 

4 h at room temperature until an orange-yellow precipitate appeared. The resulting 

precipitate was filtered and washed 2 times with ice ethanol. The solid obtained was 

recrystallized from ethanol to give orange-yellow crystals. Yield: 85%, m.p.: 

252-253 °C. Anal. Calc. for C17H13NO2: C, 77.55; H, 4.98; N, 5.32. Found: C, 78.27; 

H, 5.02; N, 5.09. IR (KBr pellet, cm
-1

): 3427 (OH), 1632 (C=N); 
1
H NMR (DMSO-d6, 

δH, ppm): 10.32 (s, 1H), 9.51 (d, 1 H), 8.40 (d, 1 H), 7.95 (d, 1 H), 7.82 (d, 1 H), 7.69 

(d, 1 H), 7.51 (t, 1 H), 7.29 (t, 1 H), 7.11 (d, 1 H), 7.01 (m, 2H), 6.79 (d, 1 H). 

ESI-MS (m/z): [M+H]
+
= 264.1018. 

A mixture of HPIN (0.26 g, 1.0 mmol) and Al(NO3)3·9H2O ( 0.38 g, 1.0 mmol) in 

10 mL of methanol was stirred and refluxed for 5 h. The reaction mixture was 

concentrated by rotary evaporation and cooled to precipitate solid. The solid was 

collected on a Buchner funnel, washed thoroughly with methanol and dried at ambient 

temperature to obtain yellow brown solid. Yield 68%. IR (KBr pellet, cm
-1

): 3423 

(OH), 1621 (C=N), 1384 (NO3). ESI-MS (m/z): [(M-2H)+Al(Ⅲ )]
+
=288.0584, 

[(M-2H)+Al(Ⅲ)+H2O]
+
=306.0701, [(M-2H)+Al(Ⅲ)+CH3OH]

+
=320.0859, [(M-2H)+ 

Al(Ⅲ )+H2O+Na]
+
=329.0862, [(M-2H)+Al(Ⅲ )+2H2O+Na]

+
=347.0969, [(M-2H)+ 

Al(Ⅲ)+H2O+CH3OH+Na]
+
=361.1125, [(M-2H)+Al(Ⅲ)+H2O+NO3+2]

+
=370.1126. 

2.4 Cells culture and imaging 

Under a humid atmosphere containing 5% CO2, SiHa cells were grown in DMEM 

medium containing 10% FBS routinely, then harvested for subculture using trypsin 

(0.05%, Gibco/Invitrogen) at 37 °C. SiHa cells were incubated onto a 35 mm ×35 mm 

Petri dish with a glass bottom, then allowed to grow for 24 h for attachment, after 

which 1 mL of DMEM medium containing 10% 5 µM compound HPIN was used to 
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incubated the SiHa cells at 37 ºC for 5 h. The medium was replaced and 

phosphate-buffered saline (PBS, pH =7.4) was used to wash the cells thrice. And two 

equivalent metal ion in PBS buffer solution were added into the dish and the cells 

were cultured at 37 ºC for 1 h. The medium was replaced and phosphate-buffered 

saline (PBS, pH =7.4) was used to wash the cells thrice. Then fresh medium with 

cytoplasm located dye (Lyso tracker red) was added and incubated. After washing 

thrice with PBS, the images of the cells were recorded on confocal laser scanning 

microscopy. 

 

3. Results and discussion 

3.1 UV-Vis absorption and fluorescence emission spectra of HPIN with Al
3+

  

Firstly, the interaction of HPIN with Al
3+

 was investigated by UV-Vis absorption 

spectrum. Fig.S1 shows the change of the UV-vis spectrum of HPIN with addition of 

Al
3+ 

in DMSO/H2O (1:9, v/v) solution. As can be seen from Fig.S1, Upon the 

addition of Al
3+

, the absorption intensities of HPIN peaks about 450 nm (n-π* 

transition from imine) and 310 nm (π-π* transition from naphthalene) all gradual 

decrease with the solution color from blue to yellow under 365 nm irradiation 

(Scheme 1). Next, the fluorescence response behavior of HPIN with Al
3+

 was also 

examined in DMSO/H2O (1:9, v/v) solution. As shown in Fig.1, the HPIN almost not 

shows fluorescence peak at 524 nm when it is excited at 440 nm in DMSO/H2O (1:9, 

v/v) solution. However, upon the addition of Al
3+

, the fluorescence intensity of HPIN 

at 524 nm shows a significant fluorescence enhancement. The fact displays that HPIN 

is a “turn-on” fluorescence probe for Al
3+

 and 20-fold enhancement of fluorescence 

intensity at 524 nm can obtain only at Al
3+

/HPIN (1/1) condition. Based on the 

fluorescence titration, the binding constant of HPIN for Al
3+

 has been estimated using 

the Benesi-Hildebrand equation (A). The stability constant is determined as 2.2×10
4
, 

that is within the range 10
3
-10

9
 of those reported for Al

3+
-binding sensors [27-29]. 

To reflect the high sensitivity, the detection limit was evaluated by using the 

method of gradually decreasing concentration of Al
3+

. When the concentration of Al
3+ 
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decreases to 0.1μM，an observable stripping peak was observed. When further 

decreasing the concentration, the stripping peak almost disappears. So, the detection 

limit is evaluated to be 1.0×10
-7 

M, which enables to meet the detection of Al
3+

 in 

many chemical and biological systems [30,31]. Noticeable, it is a good linear relation 

for relative intensities of HPIN to Al
3+

 concentrations (Fig.2). 

3.2 The binding mode and action mechanism of HPIN with Al
3+ 

To explore the binding mode between HPIN and Al
3+

 complex, binding analysis 

was carried out by the Job’s plot method (Fig.3). The total concentration of HPIN and 

Al
3+ 

was 1.0 μM in the experimental process and the concentration of HPIN and Al
3+ 

changed correspondingly. As can be seen from Fig.3, the maximum mole fraction of 

HPIN to Al
3+

 is 0.5, which established a 1:1 binding stoichiometry of HPIN to Al
3+

. 

The 1:1 coordination stoichiometry was further confirmed from ESI-MS spectra, 

where some peaks at m/z 288.0584 with 7% abundance, assignable to [(M-2H)+ 

Al(Ⅲ)]
+ 

, [(M-2H)+ Al(Ⅲ) + H2O]
+
, m/z, 306.0701 (observed with 3% abundance) 

and [(M-2H)+ Al(Ⅲ) + CH3OH]
+
, m/z, 320.0859, (observed with 30% abundance 

288.0584 ([HPIN-2H+Al]
+
) were clearly observed (Fig.S2 and S3). Additionally, 

Compared the IR spectra of the complex with HPIN (Fig.S4 and S5), we can see two 

differences: (i) the stretch vibration of imine group (C=N) at 1632 cm
-1

, which was a 

strong and sharp absorption band, changed to 1621 cm
-1

, a mild and broad band; (ii) 

The new intense absorption band at 1384 cm
-1

 corresponding to the NO3 stretching 

vibration appeared. These differences suggest that the imine groups and NO3 group 

took part in the coordination with Al
3+

. From these data, it may be deduced that the 

possible coordination modes of HPIN/Al
3+ 

complex is 1:1 binding stoichiometry. 

Based on the above results, the supposed action mechanism of HPIN with Al
3+ 

is 

listed in Scheme 1. Due to the photoinduced electron transfer from the nonbonding 

electron pair from nitrogen atom to the fluorophore (naphthyl ring), the fluorescence 

of HPIN is restrained. So, the fluorescence of HPIN is “off” state. When introducing 

Al
3+ 

to HPIN probe, the restrained fluorescence of HPIN is released owing to the 

binding of Al
3+

 with nitrogen and oxygen atoms, which will destroy the PET process 

in HPIN [32-36]. In the fact, the fluorescence of HPIN is “on” state with the addition 
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of Al
3+

. In other word, HPIN can be used to determine Al
3+

 with fluorescence “off-on” 

response.  

3.3 Selectivity of HPIN probe for Al
3+ 

   For a chemosensor, the selectivity for analytes is one of the most important 

parameters. Hence, the interactions of HPIN with other metal ions were studied by 

fluorescence technique. From Fig.4, the fluorescence intensity of HPIN takes place a 

significant enhancement with only addition of Al
3+

 in many metal ions (Na
+
, K

+
, Ca

2+
, 

Al
3+

, Mg
2+

, Mn
2+

, Zn
2+

, Co
2+

, Pb
2+

, Cu
2+

, Cd
2+

, Ni
2+

, Ag
+
, Fe

3+
, Cr

3+
, Ba

2+
, Bi

3+
, Hg

2+
, 

Sr
2+

, Ga
3+

, In
3+

). And, compared with other metal ions, the relative intensity of HPIN 

(1.010
-6

 mol/L) can reach 19-fold enhancement in one equiv. Al
3+

 (1.010
-6

 mol/L, 

Fig.S6), which displays HPIN has a high selectivity for Al
3+

. 

   In view of interference factors in practical applicability, the fluorescence 

competitive experiments of HPIN/Al
3+

 with other various metal ions were also 

investigated, respectively (Fig.5). As can be seen from Fig.5, the fluorescence 

emission intensity of HPIN/Al
3+ 

solution containing other metal ions (Na
+
, K

+
, Ca

2+
, 

Mg
2+

, Mn
2+

, Zn
2+

, Co
2+

, Pb
2+

, Cu
2+

, Cd
2+

, Ni
2+

, Ag
+
, Fe

3+
, Cr

3+
, Ba

2+
, Bi

3+
, Hg

2+
, Sr

2+
, 

Ga
3+

, In
3+

) did not show significant variation by comparison with the fluorescence 

intensity of HPIN/Al
3+ 

solution, respectively. These results suggest that HPIN may be 

used for the selective detection of Al
3+

 ion in practical sample with a little 

interference. 

3.4 Cell Imaging in Vitro 

Biological application of HPIN to detect Al
3+

 was investigated by confocal laser 

scanning microscope (CLSM). Firstly, the SiHa cells were cultured with compound 

HPIN at 37 °C for 5 h, and then, the two equivalent Al
3+

 were added the system and 

sequentially cultured the cells for 1 h. The fluorescence imaging was taken, where 

Lyso tracker red was used as a cytoplasm located dye. As shown in Fig.6, the 

cytoplasm regions of SiHa cells are stained by HPIN/Al
3+

 and well overlay with 

cytoplasm located dye (Lyso tracker red). Obviously, the cells can be illumed by 

introducing Al
3+

 to SiHa cells with HPIN. Based on control experiments, we can 

obtain a fact that HPIN can be used to detect and tract Al
3+

 in intracellular with 
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“off-on” fluorescence signal. 

 

4. Conclusion 

In summary, a simple and facile chemosensor HPIN for Al
3+

 with fluorescence 

“off-on” signal was obtained. The chemosensor displays high selectivity and 

sensitivity for Al
3+

 in DMSO/H2O (v/v=1/9). Based on these experimental data, the 

work has the following features: (1) the fluorescence receptor is simple and easily 

prepared; (2) the receptor HPIN has higher sensitivity and selectivity for Al
3+

 and may 

be used to determine Al
3+

; (3) it is a fluorescence “off-on” probe; (4) the detection of 

HPIN for Al
3+

 may be realized in biological system. In view of above points, the work 

not only obtains a facile chemosensor for Al
3+

, but also provides a new strategy
 
for 

designing simple fluorescence receptors for metal ions recognition. 
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The scheme and figures captions  

 

Scheme 1. The probable bonding model of HPIN with Al
3+

 and the color change of 

HPIN (2.010
-5

 mol/L) solution by introducing Al
3+

 (2.010
-4

 mol/L). 

Fig. 1. Fluorescence spectra of HPIN (1.010
-6

 mol/L) in DMSO/H2O (1:9, v/v) 

solution upon the addition of Al
3+

 (0, 0 mol/L; 1, 1.010
-7

 mol/L; 2, 2.010
-7

 

mol/L; 3, 3.010
-7

 mol/L; 4, 4.010
-7

 mol/L; 5, 5.010
-7

 mol/L; 6, 6.010
-7

 

mol/L; 7, 7.010
-7

 mol/L; 8, 8.010
-7

 mol/L; 9, 9.010
-7

 mol/L; 10, 1.010
-6

 

mol/L; 11, 1.210
-6

 mol/L 12, 1.510
-6

 mol/L, respectively.) with an excitation 

of 440 nm. 

Fig.2. Characteristic fluorescence response by the introduction of Al
3+

 to the HPIN 

(1.010
-6

 mol/L) in DMSO/H2O (1:9, v/v) solution. The concentrations of Al
3+

 

are from 1.010
-7

 to 1.010
-6 

mol/L.  

Fig.3. Job plot of HPIN and Al
3+

 in DMSO/H2O solution (1:9, v/v). The total 

concentration of HPIN and Al
3+

 is 1.010
-6 

mol/L. 

Fig.4. Fluorescence spectra of HPIN (1.010
-6

 mol/L) in DMSO/H2O (1:9, v/v) 

solution by adding metal ions (1.010
-6

 mol/L), respectively. 

Fig.5. Characteristic fluorescence response of HPIN (1.010
-6

 mol/L) with Al
3+

 in the 

presence of other metal ions (Na
+
, K

+
, Ca

2+
, Mg

2+
, Mn

2+
, Zn

2+
, Co

2+
, Pb

2+
, 

Cu
2+

, Cd
2+

, Ni
2+

, Ag
+
, Fe

3+
, Cr

3+
, Ba

2+
, Bi

3+
, Hg

2+
, Sr

2+
, Ga

3+
, In

3+
, 

respectively) in DMSO/H2O (1:9, v/v) solution. 

Fig.6. Fluorescence imaging of SiHa cells with HPIN. a) is bright image, b) is 

fluorescence image of cytoplasm located dye (Lyso tracker red), c) is 

fluorescence image of HPIN and Al
3+

, d) is fluorescence image of HPIN, e) is 

merged image of located dye and HPIN/Al
3+

, f) is merged bright image and 

fluorescence image of located dye and HPIN/Al
3+

.  
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Scheme 1 
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Fig.1  

 

500 550 600 650 700
0

200

400

600

800

1000

1200

 

 

In
te

n
s

it
ie

s
 (

a
.u

.)

Wavelength (nm)

0

12

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 18 

 

Fig.2 
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Fig.3 
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Fig.4 
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Fig. 5 
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Fig. 6 
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Graphical Abstract 
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Highlights 

A simple and efficient chemosensor HPIN is designed and synthesized. 

The chemosensor has high selectivity and sensitivity for Al
3+

. 

It is a fluorescence “off-on” switch for Al
3+

. 

The coordination mode of HPIN with Al
3+

 is a 1:1 binding stoichiometry. 

Potential utilization of HPIN as intracellular sensors of Al
3+

 was examined. 


