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Abstract 

A multifunctional colorimetric receptor 1 (2-(3-nitro-2-oxo-2H-chromen-4-ylamino)-

3-aminomaleonitrile) for the detection of both Al
3+

 and F
-
 has been developed. The receptor 1 

showed a significant color change in the presence of Al
3+

 over most other competitive metal 

ions including Ga
3+

 and In
3+

 in aqueous solution. The selectivity mechanism of 1 for Al
3+

 

might be attributed to the enhancement of intramolecular charge transfer band. Interestingly, 

it could be recyclable simply through treatment with a proper reagent such as 

ethylenediaminetetraacedtic acid. Moreover, the 1 showed a highly selective colorimetric 

response to F
-
 due to the decrease in intramolecular charge transfer band by a deprotonation 

process without any interference from other anions. Therefore, 1 can serve as ‘single sensor 

for dual targets’. 

 

 

Keywords : Aluminum ion; Fluoride; Colorimetric; Intramolecular charge transfer; 

Deprotonation  
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Introduction 

Both cations and anions play critical roles in many biological, chemical and environmental 

systems. Therefore, the environmental and health problems associated with these ions have 

received a considerable attention.
1
 As the third most abundant element in the earth’s crust, 

aluminum is extensively used in modern society such as the water purification, food additives, 

pharmaceuticals and the production of light alloy.
2
 Due to these widespread uses, a 

significant amount of aluminum ions exceed the human body’s excretory capacity, and the 

excess is deposited in various tissues. The unregulated amounts of aluminum in the brain may 

lead to the malfunction of the central nervous system such as Parkinson and Alzheimer 

diseases.
3
 Thus, detection of Al

3+
 is crucial in controlling its concentration level in 

environment and its direct impact in human health.
4  

Among the biologically important anions, fluoride plays an important role in biological, 

medical and chemical processes.
5
 Proper ingestion of fluoride can prevent and cure dental 

problems and osteoporosis. Hence, it is necessary to add fluoride to toothpaste and drinking 

water.
6
 However, fluoride is absorbed easily by the body and excreted slowly from the body.

7
 

Therefore, excess intake of F
-
 may cause many diseases due to its toxicity, such as gastric and 

kidney disorders, dental and skeletal fluorosis, urolithiasis, or even death.
8
 Thus, it is of 

fundamental importance to develop some analytical methods for detecting and controlling the 

concentration levels of fluoride in the environment and the human body.
9
 

Many sensing methods for detecting cations and anions have been described, including 

colorimetric chemosensors, fluorescent chemosensors, and electrochemical methods. 

Colorimetric sensors among them are the most promising because of the simplicity of the 

assay. Colorimetric assays also have a significantly lower capital cost than other methods 

such as fluorescent sensors, in which spectrophotometric equipment and a UV light source 

are both required.
10

 Among the different available chemosensors, colorimetric/chromogenic 

chemosensors are especially attractive, because analyte determination can be carried out by 

the naked eye under visible light, and because the use of expensive equipment can be 

avoided.
11

 Colorimetric/chromogenic sensors have therefore attracted considerable attention 

regarding the detection of metal ions or anions.
12

 

2,3-Diaminomaleonitrile represents a class of organic π-conjugated compound with 

electronic donor (-NH2 groups) and acceptor (-C≡N groups) parts with high electron affinity 
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connected by single and double bonds, which features a strong intramolecular charge transfer 

(ICT) character with broad and intense absorption bands in the visible spectral range as 

previously reported ICT compounds with the 2,3-diaminomaleonitrile moiety behaved.
13

 In 

addition, 4-chloro-3-nitrocoumarin with an electron acceptor part (-NO2 group) has been 

frequently used in recent years as the chromogenic dye in chemosensors.
14

 Therefore, we 

designed and synthesized a new chemosensor 1 based on the combination of the maleonitrile 

and the coumarin moieties, and tested its sensing properties towards various metal ions and 

anions.  

Herein, we reported a new receptor 1 with such an ICT character, which was synthesized in 

one step by coupling 2,3-diaminomaleonitrile with 4-chloro-3-nitrocoumarin (Scheme 1). 

The receptor 1 showed a remarkably blue-shifted absorption spectrum with the distinct color 

change in the presence of Al
3+

 in aqueous solution. Additionally, 1 could also recognize F
-
 

through an intense color change from yellow to pink with red-shifted absorption spectrum. 

 

Scheme 1. The synthetic procedure for receptor 1 

 

Experimental Section 

Materials and Instrumentation 

All the solvents and reagents (analytical grade and spectroscopic grade) were obtained from 

Sigma-Aldrich and used as received. NMR spectra were recorded on a Varian 400 

spectrometer. Chemical shifts (δ) are reported in ppm, relative to tetramethylsilane Si(CH3)4. 

Absorption spectra were recorded at room temperature using a Perkin Elmer model Lambda 

2S UV/Vis spectrometer. Electrospray ionization mass spectra (ESI-mass) were collected on a 

Thermo Finnigan (San Jose, CA, USA) LCQTM Advantage MAX quadrupole ion trap 

instrument. Elemental analysis for carbon, nitrogen, and hydrogen was carried out by using a 

Page 3 of 21 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



4 

 

Flash EA 1112 elemental analyzer (thermo) in Organic Chemistry Research Center of Sogang 

University, Korea. 

 

Synthesis of 1 

To a solution of 4-chloro-3-nitrocoumarin (0.23 g, 1 mmol) in absolute methanol (10 mL), 

2,3-diaminomaleonitrile (0.32 g, 3 mmol) was slowly added. The mixture was stirred for 

one day. After evaporating the solution, it was recrystallized by ice methanol. A yellow 

precipitate was filtered off, washed with diethyl ether, and dried in vacuum to obtain the 

desired compound. Yield 0.25 g (84 %). 
1
H NMR (400 MHz, DMSO-d6) δ: 9.62 (s, 1H, -

NH), 8.23 (d, J = 8 Hz, 1H, Ar-H), 8.07 (s, 2H, -NH2), 7.79 (t, J = 7.8 Hz, 1H, Ar-H), 7.51 

(m, 2H, Ar-H); 
13

C NMR (100 MHz, DMSO-d6, ppm): 155.15, 151.00, 144.28, 134.13, 

124.78, 124.61, 117.31, 116.07, 112.78. ESI-MS m/z [M-H]
-
: calcd, 296.05; found, 296.13. 

Anal. Calcd for C13H7N5O4: C, 52.53; H, 2.37; N, 23.56 %. Found: C, 52.85; H, 2.43; N, 

23.12 %.  

 

Chromogenic Al
3+
 Sensing 

UV-vis titration. The receptor 1 (3.0 mg, 0.01 mmol) was dissolved in MeOH (1 mL) and 9 

µL of the 1 (10 mM) were dilluted to 2.991 mL of MeOH-buffer solution (9:1, v/v, 10 mM 

bis-tris, pH 7.0) to make the concentraiton of 30 µM. Al(NO3)2 (3.8 mg, 0.03 mmol) was 

dissolved in MeOH (1 mL). 3-30 µL of the Al
3+

 solution (30 mM) were transferred to the 

receptor solution (30 µM, 3 mL) prepared above. After mixing them for a few seconds, UV-

vis spectra were taken at room temperature. 

 

Job plot measurement. The receptor 1 (3.0 mg, 0.01 mmol) and Al(NO3)3 (3.8 mg, 0.01 

mmol) were dissolved in MeOH (1 mL), respectively. 0.09 mL of the receptor 1 solution 

were diluted to 29.91 mL of MeOH-buffer solution (9:1, v/v, 10 mM bis-tris, pH 7.0) to make 

the concentraiton of 30 µM. The Al(NO3)3 solution was diluted in the same way. 5.0, 4.5, 4.0, 

3.5, 3.0, 2.5, 2.0, 1.5, 1.0, 0.5 and 0 mL of the receptor 1 solution were taken and transferred 

to vials. 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 mL of the Al
3+

 solution were added 

to each receptor solution seperately. Each vial had a total volume of 5 mL. After shaking the 
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vials for a few seconds, UV-vis spectra were taken at room temperature. 

 

Competitive experiments. The receptor 1 (3.0 mg, 0.01 mmol) was dissolved in MeOH (1 

mL). MNO3 (M = Na and K, 0.03 mmol) or M(NO3)2 (M = Mn, Co, Ni, Cu, Zn, Cd, Mg, Ca, 

Hg and Pb; 0.03 mmol) or M(NO3)3 (M = Al, Ga, In, Fe and Cr; 0.03 mmol) or M(ClO4)2 (M 

= Fe, 0.03 mmol) were dissolved in MeOH (1 mL), respectively. 24 µL of each metal solution 

(30 mM) were dilluted to 2.943 mL of MeOH-buffer solution (9:1, v/v, 10 mM bis-tris, pH 

7.0), separately. 24 µL of the Al
3+

 solution (30 mM) were taken and added to the solutions 

prepared above. Then, 9 µL (1 mM) of the 1 were taken and added to the mixed solutions. 

Each vial had a total volume of 3 mL. After shaking the vials for a few seconds, UV-vis 

spectra were taken at room temperature. 

 

NMR titration. Four NMR tubes of 1 (0.6 mg, 0.002 mmol) dissolved in CD3OD (0.7 mL) 

were prepared, and four different equiv (0, 0.2, 0.5 and 1 equiv) of the Al(NO3)3 dissolved in 

CD3OD (0.3 mL) were added to the 1 solution, respectively. After shaking them for a minute, 

their 
1
H NMR spectra were taken. 

 

Chromogenic F
-
 Sensing 

UV-vis titration. The receptor 1 (3.0 mg, 0.01 mmol) was dissolved in DMSO (1 mL) and 9 

µL of the 1 (10 mM) were dilluted to 2.991 mL of DMSO to make the concentraiton of 30 

µM. Tetraethylammonium fluoride ((TEA)F, 0.03 mmol) was also dissolved in DMSO (1 mL) 

and 30-660 µL of the F
-
 solution (30 mM) were transferred to the solution of 1 (30 µM, 3 mL) 

prepared above. After mixing them for a few seconds, fluorescence spectra were taken at 

room temperature. 

 

Job plot measurement. The receptor 1 (3.0 mg, 0.01 mmol) and (TEA)F (0.01 mmol) were 

dissolved in DMSO (1 mL), respectively. 0.09 mL of the receptor 1 solution were diluted to 

29.91 mL of DMSO to make the concentraiton of 30 µM. The (TEA)F solution was diluted in 

the same way. 5.0, 4.5, 4.0, 3.5, 3.0, 2.5, 2.0, 1.5, 1.0, 0.5 and 0 mL of the receptor 1 solution 
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were taken and transferred to vials. 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 mL of 

the F
-
 solution were added to each receptor solution seperately. Each vial had a total volume 

of 5 mL. After shaking the vials for a few seconds, UV-vis spectra were taken at room 

temperature. 

 

Competitive experiments. The receptor 1 (3.0 mg, 0.01 mmol) was dissolved in DMSO (1 

mL). Tetraethylammonium salt (F
-
, Br

-
, Cl

-
, I

-
, and CN

-
; 0.03 mmol) or tetrabutylammonium 

salt (SCN
-
, BzO

-
, N3

-
, AcO

-
 and H2PO4

-
; 0.03 mmol) were dissolved in DMSO (1 mL), 

respectively. 600 µL of each anion solution (10 mM) were dilluted to 1.791 mL of DMSO, 

separately. 600 µL of the F
-
 solution (30 mM) were taken and added to the solutions prepared 

above. Then, 9 µL of the 1 (10 mM) were taken and added to the mixed solutions. Each vial 

had a total volume of 3 mL. After shaking the vials for a few seconds, fluorescence spectra 

were taken at room temperature. 

 

NMR titration with F
-
 ion. Three NMR tubes of 1 (0.6 mg, 0.002 mmol) dissolved in 

DMSO-d6 (0.7 mL) were prepared, and three different equiv (0, 0.5 and 1 equiv) of the 

(TEA)F dissolved in DMSO-d6 (0.3 mL) were added to the 1 solution, respectively. After 

shaking them for a minute, their 
1
H NMR spectra were taken. 

 

Results and discussion 

Synthesis of 1 

A new receptor 1 was obtained by coupling 4-chloro-3-nitrocoumarin with 2,3-

diaminomaleonitrile with an 84 % yield in methanol (Scheme 1), and characterized by 
1
H 

NMR (Fig. S1), 
13

C NMR (Fig. S2), ESI-mass spectrometry analysis, and elemental analysis.  

Chromogenic sensing for Al
3+
 

The colorimetric sensing ability of 1 was examined with various metal ions such as Na
+
, 

K
+
, Mg

2+
, Ca

2+
, Cr

3+
, Mn

2+
, Fe

2+
, Fe

3+
, Co

2+
, Ni

2+
, Cu

2+
, Zn

2+
, Al

3+
, Ga

3+
, In

3+
, Cd

2+
, Hg

2+
, 

and Pb
2+

 in MeOH-buffer solution (9:1, v/v, 10 mM bis-tris, pH 7.0) at room temperature. 
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Upon the addition of 8 equiv of each cation, the 1 showed almost no change in absorption 

peak in the presence of Na
+
, K

+
, Mg

2+
, Ca

2+
, Cr

3+
, Mn

2+
, Fe

2+
, Fe

3+
, Co

2+
, Ni

2+
, Cu

2+
, Zn

2+
, 

Cd
2+

, Hg
2+

, and Pb
2+

, while the presence of Ga
3+

, and In
3+

 led to a small decrease in the 

absorption maxima to different extents (Fig. 1a). Most importantly, only Al
3+

 showed a 

distinct spectral change (Fig. 1a) and a color change from yellow to colorless (Fig. 1b). 

Moreover, 1 can distinguish Al
3+

 from Ga
3+ 

and In
3+

, whereas their discrimination is still a 

challenge as they are in the same group of the Periodic table and have similar properties. 

Therefore, this result indicates that receptor 1 can serve as a potential candidate of a “naked-

eye” chemosensor for Al
3+

 in aqueous solution.  

(a) 

 

(b) 

 

Figure 1. (a) Absorption spectra changes of 1 (30 µM) in the presence of various metal ions 

(8 equiv) in MeOH-buffer solution (10 mM bis-tris, pH 7.0, 9:1, v/v). (b) Color changes of 

receptor 1 (30 µM) in the presence of 8 equiv of metal ion in MeOH-buffer solution (10 mM 

bis-tris, pH 7.0, 9:1, v/v). 
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To further investigate the chemosensing properties of 1, UV-vis titration of 1 with Al
3+

 was 

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

 to a solution of 1, the absorbance peaks at 250, 

334 and 432 nm gradually decreased and a new absorbance at 302 nm appeared 

concomitantly, resulting in a color change from a yellow to colorless. This color change 

could be explained by one of two possibilities: one is that such colorless phenomenon might 

be originated from blue shift generated by the decrease in the push-pull effect of the ICT 

transition. The weak push-pull electronic effect was induced by binding of Al
3+

 ion to the -

NH2 and -NH groups in the receptor 1 with the electron-donating groups (-NH2 and -NH) and 

the electron-withdrawing one (-C≡N group). The other is that decomposition phenomenon 

would occur when binding the receptor 1 to Al
3+

.  

 

Figure 2. UV-vis spectra of receptor 1 (30 µM) upon the addition of Al
3+

. Inset: The ratio of 

absorbance (432 nm) of 1 as a function of Al
3+

 equiv. 

 

 

To determine the correct reason, 
1
H NMR titration was conducted (Fig. 3). Upon addition of 

Al
3+

 to sensor 1, the protons H2, H3, and H4 showed downfield shift by 0.002, 0.003 and 

0.011 ppm, while up-field shift was observed for H1 by 0.005 ppm. There was no shift in the 

Page 8 of 21RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



9 

 

position of proton signals on further addition of Al
3+

 (>1.0 equiv), which indicates that the 1 

did not decompose when binding to Al
3+

. Therefore, the chemosensing properties of 1 might 

be attributed to the decrease in the push-pull effect of the ICT transition. Also, these chemical 

shifts suggest that the two nitrogen atoms of the -NH2 and -NH moieties might coordinate to 

Al
3+

 ion. 

 

Figure 3. 
1
H NMR titration of receptor 1 with Al

3+
. 

 

 

Job plot analysis exhibited a 1:1 complexation stoichiometry for 1-Al
3+

 complex formation 

(Fig. S3), which was further confirmed by ESI-mass spectrometry analysis (Fig. 4). The 

positive-ion mass spectrum indicated that a peak at m/z= 470.73 was assignable to [1-

H
+
+Al

3+
+NO3

-
+3H2O+MeOH]

+
 [calcd, m/z: 471.07]. Based on Job plot, ESI-mass 

spectrometry analysis and the 
1
H NMR titration, we propose the structure of 1-Al

3+
 complex 

(Scheme 2). 
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Figure 4. Positive-ion electrospray ionization mass spectrum of 1 (0.1 mM) upon addition of 

Al
3+

 (1 equiv). 

 

 

 

Scheme 2. The proposed structure for a 1-Al
3+

 complex. 

 

The association constant for the 1-Al
3+

 complexation was determined as 4.7 ⅹ10
3
 M

-1
 

through Benesi-Hildebrand equation (Fig. S4). This value is in the range of those (10
3
 ~ 10

9
) 

reported for Al
3+

 binding chemosensor.
15

 Based on the result of UV-vis titration, the detection 

limit (3σ/k) of the receptor 1 for the analysis of Al
3+

 ion was calculated to be 38.2 µM (Fig. 

S5).  

To check the practical applicability of 1 as a selective colorimetric sensor for Al
3+

, the 

competition experiments were conducted in the presence of Al
3+

 mixed with other relevant 

metal ions, such as Na
+
, K

+
, Mg

2+
, Ca

2+
, Cr

3+
, Mn

2+
, Fe

2+
, Fe

3+
, Co

2+
, Ni

2+
, Cu

2+
, Zn

2+
, Ga

3+
, 

In
3+

, Cd
2+

, Hg
2+

, and Pb
2+

. When 1 was treated with 8 equiv of Al
3+

 in the presence of the 

same concentration of other metal ions (Fig. 5), the coexistent metal ions had a small and 
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negligible effect on naked-eye detection of Al
3+ 

by the receptor 1, while Cd
2+

 and Co
2+

 did 

interfere to small extent. Therefore, these results suggest that 1 could be a selective 

colorimetric sensor for detecting Al
3+

 in the presence of competing metal ions.  

(a) 

 

(b) 

 

Figure 5. (a) Competitive bar graph of absorbance 1 (30 µM) towards Al
3+

 (8 equiv) in the 

presence of other metal ions (8 equiv). (b) Colorimetric competitive experiment of 1 (30 µM) 

in the presence of Al
3+

 (8 equiv) and other metal ions (8 equiv). 

 

 

The effect of pH on the absorption response of receptor 1 to Al
3+

 ions was investigated in 

the pH range of 2 to 11 (Fig. S6). The absorbance and color of the 1-Al
3+ 

complex remained 

between pH 7 and 11, which warrant that Al
3+

 could be clearly detected by the naked eye or 

UV-vis absorption measurements using receptor 1 over a wide pH range of 7-11. 

To examine the reversibility of receptor 1 toward Al
3+

, ethylenediaminetetraacetic acid 

(EDTA) (8 equiv) was added to the complexed solution of receptor 1 and Al
3+

. As shown in 

Fig. 6, the addition of EDTA to a mixture of 1 and Al
3+

 resulted in return of the absorbance 
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with colorless at 450 nm, which indicates the regeneration of the free 1. This result further 

supports that the response of 1 in the presence of Al
3+

 is not due to decomposition process.  

Upon addition of Al
3+

 into the solution again, the color and the absorbance were recovered. 

The color change (Fig. 6a) and absorbance (Fig. 6b) were almost reversible even after several 

cycles with the sequentially alternative addition of Al
3+

 and EDTA, which indicate that the 

receptor 1 could be used as a reversible colorimetric chemosenor in aqueous solution.  

(a) 

 

(b) 

 

Figure 6. (a) Colorimetric changes of 1 (30 µM) after the sequential addition of Al
3+

 and 

EDTA. (b) Reversible changes in absorbance of 1 (30 µM) at 450 nm after the sequential 

addition of Al
3+

 and EDTA. 

 

 

Chromogenic sensing for F
-
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The colorimetric sensing abilities of 1 were also investigated towards various anions (F
-
, Cl

-
, 

Br
-
, I

-
, AcO

-
, BzO

-
, H2PO4

-
, N3

-
, SCN

-
 and CN

-
) in DMSO as shown in Fig.7. Upon the 

addition of 200 equiv of each anion, the solution of 1 exhibited no or small absorption change 

except F
-
. In the presence of F

-
, the receptor 1 showed a distinct spectral change (Fig. 7a) and 

a color change from yellow to pink (Fig. 7b), indicating that receptor 1 can serve as a 

potential candidate of “naked-eye” chemosensor for F
-
. 

(a) 

 

(b) 

 

Figure 7. (a) UV-vis spectra changes of 1 (30 µM) upon addition of various anions (200 

equiv). (b) Colorimetric changes of 1 (30 µM) upon the addition of various anions (200 

equiv). 

 

 

The recognition properties of 1 with F
-
 were further studied by UV-vis titration experiments. 

On treatment with F
-
 of a solution of 1, the absorption bands at 338 and 441 nm gradually 

decreased, and a new band at 510 nm reached maxima at 200 equivalent of F
-
 (Fig. 8).  
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Figure 8. UV-vis spectra of receptor 1 (30 µM) upon the addition of F
-
.  

 

 

Meanwhile, two clear isosbestic points were observed at 296 and 484 nm, indicating the 

formation of the only one species between 1 and F
-
. The pink color of the solution may be 

due to the deprotonation of receptor 1 by F
-
. The deprotonation through the hydrogen-bond 

donor interaction of amine hydrogen (N-H) with F
-
 might be coupled with an intermolecular 

proton transfer from 1 to the fluoride ion (Scheme 3).
16

  

 

Scheme 3. Proposed sensing mechanism of 1 for fluoride 

 

 

The resulting negative charge on the amine moiety would lead to the enhancement of the 

push-pull effect of the ICT transition,
13a

 which is highly visible to the naked eye with a 

change in color from yellow to pink. From the UV-vis titration data, the association constant 
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for 1 with F
-
 was determined as 1.3 x 10

2
 M

-1
 using the nonlinear-fitting analysis of the 

change in the absorbance at 520 nm (R
2
= 0.9883, Fig. S7).

17
 The detection limit (3σ/k) of 

receptor 1 for the analysis of F
-
 ions was calculated to be 2.1 x 10

-3
 M (Fig. S8).  

The Job plot showed a 1:1 stoichiometry between 1 and F
-
 (Fig. S9), which was further 

confirmed by ESI-mass spectrometry analysis (Fig. S10). The positive-ion mass spectrum of 

1 upon addition of 1 equiv of F
-
 showed the formation of the 1

-
+2TEA [m/z: 556.13; calcd, 

556.36]. The preferential selectivity of 1 as a naked eye chemosensor for the detection of F
-
 

was studied in the presence of various competing anions. For competition studies, receptor 1 

was treated with 200 equiv of F
-
 in the presence of the same concentration of other anions, as 

indicated in Fig. 9. There was no interference for the detection of F
-
 in the presence of Cl

-
, Br

-
, 

I
-
, AcO

-
, BzO

-
, H2PO4

-
, N3

-
, SCN

-
 and CN

-
. Thus, 1 could be used as a selective colorimetric 

sensor for F
-
 in the presence of the competing anions. 

(a) 

 

(b) 

 

Figure 9. (a) Competitive bar graph of the relative absorbance of 1 (30 µM) towards F
-
 (200 

equiv) in the presence of other anions (200 equiv). (b) Colorimetric competitive experiment 
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of 1 (30 µM) in the presence of F
-
 (200 equiv) and other anions (200 equiv). 

 

 

To further understand the nature of interaction between sensor 1 and the fluoride, 
1
H NMR 

study was initiated in DMSO-d6 (Fig. 10). Before the addition of F
-
, chemical shifts of the -

NH and -NH2 protons (H5 and H6) on 1 appeared at 9.96 and 8.07 ppm. With the continuous 

addition of F
-
 up to 1 equiv, the signal of -NH proton (H5) disappeared gradually. Meanwhile, 

all aromatic protons were shifted to upfield, and the signal of the -NH2 proton (H6) was most 

shifted to upfield (6.25 ppm), which suggests that the negative charge generated from the 

deprotonation of 1 by F
-
 was delocalized over the whole receptor molecule. These results 

suggest that the -NH proton (H5) might form a -N-H∙∙∙F-
 hydrogen bond, and subsequently 

undergo a deprotonation process as shown in Fig. 10. No shift in the position of proton 

signals was observed on any further addition of F
-
 (> 1.0 equiv). Based on Job plot, ESI-mass 

spectrometry analysis, and 
1
H NMR study, we propose that the sensing ability of receptor 1 

might be due to the deprotonation process by F
-
, as shown in Scheme 3. 

 

Figure 10. 
1
H NMR titration of receptor 1 with F

-
. 
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Conclusion 

 We have developed a new colorimetric sensor 1, based on the combination of coumarin 

and maleonitrile moieties. It distinguished Al
3+

 ion from other metal ions, especially Ga
3+

 and 

In
3+

, by color change in aqueous media without expensive equipment. Moreover, the addition 

of EDTA to the 1-Al
3+

 complex regenerated the free 1, indicating that the sensor 1 could be 

recyclable simply through treatment with a proper reagent such as EDTA. The receptor 1 also 

detected F
-
 selectively, which induced an obvious color change from yellow to pink. Such 

selectivity results from the increase in the push-pull effect of the ICT transition by 

deprotonation between 1 and F
-
. This type of highly selective naked-eye chemosensor will be 

useful for development of new chemosensors for multiple targets such as cations and anions.  
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Graphical Abstract 

 

 

A simple and easy-to-make colorimetric sensor for Al
3+
 and F

-
 was designed and synthesized. 
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