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Abstract 

A reversible fluorescent-colorimetric imino-pyridyl bis-Schiff base receptor L (N
1
E,N

4
E)-N

1
,N

4
-

bis(pyridine-4-ylmethylene)benzene-1,4-diamine for the detection of both Al
3+

 and HSO3
−
 in 

aqueous medium has been developed. Receptor L exhibits an excellent selective fluorescent -

colorimetric response toward Al
3+

. The sensitivity of the fluorescent based assay (0.903 µM) for 

Al
3+

 is far below the limit in the World Health Organization (WHO) guidelines for drinking water 

(7.41 µM). From 
1
H NMR data, the Job plot and the ESI-MS spectrum, 1 : 2 stoichiometric 

complexation between L and Al
3+ 

has been established. Receptor L shows remarkable detection 

ability in a wide pH range of 4–11 and successfully utilised in the determination of Al
3+

 in 

aqueous solution of bovine serum albumin protein and HSO3
−
 in real food samples. 

Moreover, L shows a highly selective colorimetric response to HSO3
−
 by changing its colour from 

yellow to colorless immediately without any interference from other anions.  
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Introduction 

In recent years the development of molecular sensors for recognizing both ionic and neutral 

species has been a subject of intense research interest in modern sensing arena because of their 

wide application in the fields of drug development, medicine, cancer detection, photo- 

sensitization, environmental monitoring and explosive detection etc.
1
 Out of various metal ions 

aluminum being the most prevalent (8.3% by weight) metallic element and the third most 

abundant of all elements (after oxygen and silicon) in the earth’s crust, is not only used in 

industrial fields for example water treatment, food additives, and medicines, production of light 

alloy but also it is profusely used in our daily life as electronic and electrical components of 

different implements, building materials, various packaging items etc.
2
 However, the unregulated 

amounts of aluminum in human body may lead to the malfunction of central nervous system, 

Parkinson's disease, Alzheimer's disease and amyotrophic lateral sclerosis.
3
 Apart from this, the 

toxicity of aluminum endangers the aquatic life and influences agricultural production in acidic 

soils. The acidity of soil is due to the sorption of H
+
 and Al

3+ 
ions to soil surface, and further 

reaction of Al
3+

 with water releases extra H
+
 ions. The high Al

3+
 content effects the growth of 

plants: (a) at the root tip, it interferes with the uptake of Ca
2+

, the latter is an essential plant 

nutrient (b) results in the alteration of the physiological and biochemical processes of plant and (c) 

can restrict cell wall expansion leading to stunted roots.
4-8

 In spite of its many drawbacks, the use 

of Al cannot be circumvented in modern life and hence there is a good chance of Al
3+

 toxicity 

towards human health and the environment. Therefore detection of Al
3+

 is crucial in controlling its 

concentration levels in the biosphere and its direct impact on human health. 

Likewise, bisulphite ion (HSO3
-
) among various anions has chemical and biological 

significance. Bisulfite (HSO3
−
) anions are widely used as essential preservatives for foods, 

beverages, and pharmaceutical products to prevent oxidation, browning, and microbial reactions 

during production and storage. In fact, addition of bisulfite to beer and wine has been customary 

for centuries in most countries.  It is widely used for bisulfite treatment of DNA and as additive to 

the drug epinephrine.
9
 However, exposure to excess bisulphite can stimulate various health issues 

like asthmatic, allergic problems, reproductive and developmental toxicity.
10

 Thus, risk of 

uncontrolled release of this ion in ecosystem has attracted the chemists to formulate new reagents 

that allow flexible and in- expensive instrumentation for their analytical studies. 
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The development of a chemo-sensor, which is capable of recognizing both a metal ion and 

an anion simultaneously, is one of the most significant tasks because of its important potential 

applications in biological industry and environmental processes.
11

 In addition, the detection of 

multiple targets with a single receptor would be more efficient and at the same time less expensive 

than a one-to-one analysis method, and therefore would attract more attention.
12

 Among various 

approaches for the detection of both metal ions and anions, especially the fluorometric and 

colorimetric methods are more popular because of their high sensitivities, easy operation, rapid 

response rates and relatively low costs.  

Herein, we report a simple, easy to prepare and cost effective chemo sensor (N
1
E,N

4
E)-

N
1
,N

4
-bis(pyridine-4-ylmethylene)benzene-1,4-diamine (L) for  simultaneous selective detection 

of Al
3+

 and HSO3
-
 in aqueous media. The chemo-sensor L demonstrated the presence of the 

cation, Al
3+

 by both fluorescence enhancement and colorimetrically and that of anion HSO3 with 

an instant change of colour from yellow to colourless. The sensor was successfully applied in 

detection of Al
3+

 in bovine serum albumin. Moreover, L could be used as a practical, visible 

colorimetric test kit in an aqueous environment. 

 

Experimental 

General information 

Fluorescence spectra were recorded on a Hitachi spectrophotometer. UV/Visible spectra were 

recorded on a Shimadzu UV 1800 spectrophotometer using a 10 mm path length quartz cuvette. 

1
H NMR spectra were recorded on a Bruker Ultrashield 600 (for Al

3+
 titration) and 400 MHz 

spectrometer (for HSO3
- 

titration). The NMR (
1
H & 

13
C) spectra of ligand were obtained in 

DMSO-d
6
 and NMR titrations were carried out dissolving L and metal salts in DMSO-d

6 
and D2O 

(9/1, v/v) respectively at room temperature and the chemical shifts are reported in δ values (ppm) 

relative to TMS. High resolution mass (HRMS) spectra were recorded on Waters mass 

spectrometer using mixed solvent HPLC methanol and triple distilled water. The measurements of 

pH were done using a digital pH meter (Merck). All the chemicals and metal salts were purchased 

from Merck. Manganese salt is sulphate while the rest of the metal salts used are nitrates and re-

crystallized from water (Millipore) before use. Solutions of the receptor L (1× 10
−5

 M) and metal 

salts (1×10
−4

 M) were prepared in CH3OH–H2O (2/1, v/v) and H2O respectively. 
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Synthesis and characterisation of L 

To a dehydrated methanolic solution of p-phenylenediamine (0.108 g, 1 mmol, in 50 mL 

methanol) pyridine-4-carboxaldehyde in methanol (0.214 g, 2 mmol, in 5 mL methanol ) was 

added. The mixture was refluxed for 4h at 45
0
C, maintaining dry condition. A yellow precipitate 

obtained was filtered and washed several times with n-hexane and then again recrystallized in 

methanol and dried in a vacuum to obtain the pure yellow solid. Yield: 82%.  M.P- 205
0
C.  

1
H 

NMR: (DMSO-d6, δ ppm, TMS): 8.77 (d, 4H); 8.75 (s, 2H); 7.87 (d, 4H) and 7.46 (s, 4H) (Fig. 

S1) ; 
13

C NMR: (DMSO-d6, δ ppm, TMS): 160.4, 152.1, 150, 148.6, 142.9, 122.6, 114 (Fig. S2). 

FT-IR: (KBr, cm
−1

): 1597.08 (C=N). ESI-MS: m/z [M + H
+
], 288.48 (100%) (Fig. S3). Anal. 

calcd for C18H14N4: C, 75.50; H, 4.93; N, 19.57%. Found C,75.54; H,4.91; N,19.59%.   

 

Fluorescence Titration 

L (2.86 mg) was dissolved in 10 mL of mixed solvent CH3OH–H2O (2/1, v/v)  to make a solution 

of 1× 10
−3

 M  and 30 µL of this solution were diluted with 2.97 mL of solvent mixture to make the 

final concentration of 10 µM, Al(NO3)3(37.5mg) was dissolved in triple distilled water (10 mL) 

and 1.5–90 µL of this Al
3+

 solution (10 mM) were transferred to each receptor solution (10 µM) to 

give 0.5–30 equiv. After mixing them for a few seconds, fluorescence spectra were obtained at 

room temperature. 

UV-Vis titrations 

For Al
3+

, L (2.86 mg, 0.01 mmol) was dissolved in afore-mentioned solvent mixture (10 mL) and 

30 µL of it was diluted to 3 mL with the solvent mixture to make a final concentration of 10µM. 

Al(NO3)3 (37.5mg, 0.1 mmol) was dissolved in 10 mL of triple distilled water and 1.5–90 µL of 

the Al
3+

 ion solution (10 mM) were transferred to the solution of L (10 µM) prepared above. After 

mixing them for a few seconds, UV-Vis spectra were obtained at room temperature. 

For HSO3
−
, the concentration and volume of the solution of L was same as mentioned before. 

Sodium bisulphite (10.4 mg, 0.1 mmol) was dissolved in triple distilled water (10 mL) and 0.3–30 

µL of the HSO3
−
 solution (10 mM) were transferred to the solution of L (10 µM) prepared above. 

After mixing them for a few seconds, UV-Vis spectra were obtained at room temperature. 

Job plot measurements 
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For Al
3+

, L (2.86 mg, 0.01 mmol) was dissolved in methanol (10 mL). 100, 90, 80, 70, 60, 50, 40, 

30, 20, 10 and 0 µL of the L solution were taken and transferred to vials. Each vial was diluted 

with 2.9 mL of mixed solvent. Al(NO3)3 (0.01 mmol) was dissolved in triple distilled water (10 

mL). 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 µL of the Al
3+

 solution were added to each 

diluted L solution. Each vial had a total volume of 3 mL. After shaking them for a minute, UV-

Vis spectra were obtained at room temperature. 

Competition with other metal ions or anions 

For Al3+,  L (2.86 mg, 0.01 mmol) was dissolved in afore-mentioned solvent mixture (10 mL) and 

30 µL of it was diluted to 3 mL with the solvent mixture to make a final concentration of 10 µM. 

Al(NO3)3 (37.5mg, 0.1 mmol) and M(NO3)x (0.1 mmol) was dissolved in 10 mL of triple distilled 

water. 30 µL of each metal solution (10 mM) were taken and added to 3 mL of the solution of 

receptor L (10 µM) to give 10 equiv. of metal ions. Then, 30 µL of Al3+ solution (10 mM) were 

added to the mixed solution of each metal ion and L to make 10 equiv. After mixing them for a 

few seconds, fluorescence spectra were obtained at room temperature.  

For HSO3
-
, L (2.86 mg, 0.01 mmol) was dissolved in methanol (10 mL) and 30 µL of this 

solution was diluted to 3 mL  with the above-mentioned solvent mixture to make the final 

concentration of 10 µM. Sodium salts of F−, Cl−, Br−,  I−, N3
-
, H2PO4

-
, NO3

-
,OAc−, HCO3

-
 and 

HSO3
-
 (0.1 mmol) were dissolved in 10 mL of triple distilled water and 30 µL of each solution (10 

mM) were added to 3 mL of the solution of receptor L (10 µM) to give 10 equiv. of anion conc. 

Then, 30 µL of HSO3
-
solution (10 mM) were added to the mixed solution of each anion and L to 

make 10 equiv. After mixing them for a few seconds, absorbance spectra were obtained at room 

temperature. 

pH effect test 

A series of buffers with pH values ranging from 2 to 12 was prepared using 100 mM HEPES 

buffer. After the solution with a desired pH was achieved, receptor L (2.86 mg, 0.01 mmol) was 

dissolved in methanol (10 mL), and then 30 µL of this solution (1 mM) was diluted to 3 mL with 

above-mentioned buffers to make the final concentration of 10 µM. Al(NO3)3·9H2O (37.5 mg, 0.1 

mmol) was dissolved in HEPES buffer (10 mL, pH 7.00). 30 µL of the Al3+ solution (10 mM) 
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were transferred to each receptor solution (10 µM) prepared above. After mixing them for a few 

seconds, fluorescence spectra were obtained at room temperature. 

1
H NMR titrations 

For  1H NMR titrations of receptor L  eight NMR tubes of receptor L (2.86 mg, 0.01 mmol) 

dissolved in DMSO-d6 (700 µL) were prepared and then three different concentrations (0, 0.01, 

0.02, and 0.05 mmol) of aluminium nitrate dissolved in D2O were added to each solution of 

receptor L. After shaking them for a minute, 1H NMR spectra were obtained at room temperature.  

             For HSO3
-
 five different concentrations

 
(0, 0.005, 0.01, 0.02, 0.05 mmol) of Sodium 

bisulphite dissolved in D2O were added to each solution of receptor L. After shaking them for a 

minute, 1H NMR spectra were obtained at room temperature.  

 

Colorimetric test kit 

Receptor L (2.86 mg, 0.01 mmol) was dissolved in a mixture of CH3OH–H2O (2/1, v/v, 10 ml) to 

get 1mM solution. Receptor L-test kits were prepared by immersing filter-papers into this receptor 

L solution (1 mM), and then dried in air. Sodium salts (F
-
, Br

-
, Cl

-
, I

-
, AcO

-
, H2PO4

-
 , N3

-
, HSO3

-
, 

NO3
-
, HCO3

-
; 0.001 mmol) were dissolved in (10 mL) to prepare 0.1 mM solution. The test kits 

prepared above were added into different anion solutions (1 mL), and then dried at room 

temperature. 

 

Measurements of bisulfite in food samples 

The food samples - red sugar, crystal sugar and granulated sugar were purchased from a 

supermarket and were used in the real sample analysis. Sugar sample solutions were prepared by 

dissolving 3 g of different sugar in deionized water and diluting to 10 mL. Aliquots of the food 

sample solution were added directly to the receptor L (10 µM) and after 5 min, the absorption 

intensity at 290 nm was recorded. Aliquots of the food samples were then spiked with different 

concentrations of NaHSO3 (0.5 or 1 µM) that had been accurately prepared. The resulting samples 

were then treated with the receptor L (10 µM) for 5 min and the absorption intensity at 290 nm 

was recorded.  
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Results and discussion  

Synthesis and structure of L 

 

Scheme 1 Synthetic procedure of the receptor L 

 

Bright yellow solid receptor L was obtained by the condensation reaction of p-phenylenediamine 

and pyridine-4-carboxaldehyde in methanol with 82% yield (scheme 1) , and characterized by 
1
H 

NMR and 
13

C NMR, IR and ESI-mass spectrometry and elemental analysis. Jiang et al
13

 reported 

the X-ray single crystal structure of L in 2007.   L was used as bridging ligand for the 

construction of supramolecular complexes.
14,15

 E. Schab-Balcerza
16

 studied  structural, thermal, 

optical, and electrochemical properties of L.  

 

Fluorescence and absorption studies of L towards different metal cations 

The fluorescence behaviours of receptor L towards various metal ions (Na
+
, K

+
, Mg

2+
, Ba

2+
, 

Mn
2+

, Fe
3+

, Co
2+

, Ni
2+

, Cu
2+

, Zn
2+

,
 
Cd

2+
,
 
Ca

2+
, Cr

3+
, Hg

2+
, Pb

2+
 and Al

3+
) were investigated in 

methanol-water (2/1, v/v) as shown in Fig. 1a. Upon excitation at 310 nm at room temperature L 

exhibits little emission with a low fluorescence quantum yield (Φ = 0.0169) along with other 

metal ions except for Al
3+

 (Φ = 0.763). This low fluorescence intensity of L can be ascribed to the 

photoinduced electron transfer (PET) process caused by the electron transmission from the two 

terminal pyridyl nitrogen atoms to the large π conjugation system including two >C=N– groups 

and three aromatic rings. On addition of Al
3+

, L is coordinated to metal by supplying its lone pair 

electrons on pyridyl nitrogen atoms and thereby hinders the PET process resulting a significant 

fluorescence enhancement of L-Al
3+

 complex accompanied by a prominent blue shift of 28 nm. In 

conjunction, stable chelate complexation of Al
3+

 with L possibly induces rigidity in the resulting 

complex thereby generating efficient chelation enhanced fluorescence (CHEF)
17

 (Scheme 2).  
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                    Scheme 2  Sensing mechanism of L-Al
3+

 complex 

 

The fluorescence enhancement efficiency observed was 106-fold greater than the control 

in absence of Al
3+

(Fig. 1b). This unique selectivity of receptor L for Al
3+

 could be interpreted in 

terms of the smaller ionic radius and higher charge density of the Al
3+

. In this connection 

absorption study also reflects the preferential selectivity of L towards Al
3+

 over the afore-

mentioned metal ions (Fig. S4). 
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Fig. 1 (a) Fluorescence spectra of L (10 µM) before and after addition of various metal ions (100 

µM) of Mn
2+, 

Fe
3+

, Co
2+

, Ni
2+

, Cu
2+

, Zn
2+

, Cd
2+

, Hg
2+

, Na
+
, K

+
, Mg

2+
, Ca

2+
, Al

3+
, Pb

2+
,Cr

3+
 and 

Ba
2+

 in methanol-water (2:1, v/v) (b) Bar graph shows the relative emission intensity of L at 373 

nm upon treatment with various metal ions. 

 

A quantitative investigation of the binding affinity of L with Al
3+

 was performed by a 

fluorescence titration (Fig. 2). It revealed that the emission intensity at 373 nm monotonically 

increased upon gradual addition of Al
3+

 up to 30 equiv. The inset plot of Fig. 2 which elaborates 

the titration data in narrow range shows that the F/F0 curve becomes a plateau at the [Al
3+

]/[L] 

ratio over 2. This is well corroborated by the UV-visible spectrometric titration of L with Al
3+

 

solution (Fig. 3). It illustrates the variation of UV spectrum of L along with the increasing 

amounts of Al
3+

 from 0 to 10 equiv. Three absorbance bands were observed on the spectrum of L 

at 240 nm, 287nm, 368 nm. Among them two strong bands at 240 nm and 368 nm were assigned 

to the phenyl π- π* and n-π* electron transition respectively. As shown in Fig. 3, with increasing 

conc. of Al
3+

,  the intensity of absorption bands at 240 nm and 287 nm increases whereas the 

absorption band at 368 nm decreases causing an isosbestic point at 314 nm which indicates that 

only one product was generated from L upon binding to Al
3+

. The Job plot analysis indicated 1:2 

stoichiometric complexation of receptor L with Al
3+

 (Fig. S5). In addition, the formation of a 1:2 

complex between L and Al
3+

 was further confirmed by the appearance of a peak at m/z 442, 

assignable to [L+2 Al
3+

 + 6 H2O – 6 H
+
] in the ESI/MS (Fig. S6). From the fluorescence titration 
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profiles, the association constant for L–Al
3+

 in MeOH–H2O (2:1, v/v) was determined as   

1.26×10
5
 M

-1 
by a Hill plot (Fig. S7). By using the above-mentioned titration results, the detection  
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Fig. 2  Fluorescence spectra of L (10 µM, λex  =  310 nm) after addition of increasing amounts of 

Al
3+

 (upto 30 equiv.) in MeOH-H2O (2:1, v/v) at room temperature. Inset: intensity at 373 nm vs 

the number of equiv. of Al
3+

 added. 

limit for the L–Al
3+

 complex was determined to be 0.903 µM on the basis of 3σ/K. Importantly, 

the detection limit of L is much lower than the WHO limit
18 

and suggests that L could be an 

effective sensor for the detection of aluminum in drinking water. 
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Fig 3. Absorption spectra of L changes after addition of Al
3+

 upto 10 equiv. in MeOH-H2O (2:1, 

v/v) at room temperature. Inset: Absorption at 368 nm vs the number of equiv. of Al
3+

 added. 

 

To further check the practical applicability of receptor L as an Al
3+- 

selective fluorescence 

receptor, a competitive experiment was carried out with 10 equiv. of Al
3+

 in presence of other 

metal ions in an aqueous solution (Fig. 4). It was found that most of the metal ions did not 

interfere with the detection of Al
3+

 by L. However, Fe
3+

 and Cr
3+ 

quenched about 36 and 45% of 

the fluorescence obtained with Al
3+

 alone respectively. Nevertheless, L still had sufficient “turn-

on” ratios for the detection of Al
3+

 in the presence of Fe
3+

 and Cr
3+

. These results indicate that L 

could be a good sensor for Al
3+

 over competing metal ions.   
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Fig. 4  Relative fluorescence of L and its complexation with Al
3+

 in the presence of various metal 

ions - L + Al
3+

, L + Al
3+

+ Na
+
, L + Al

3+
 + K

+
 etc. (left to right) λex = 310 nm. 

 

To check the pH effect, the fluorescence of receptor L under different pH conditions was 

examined using 100 mM HEPES buffer (Fig. 5). For L-Al
3+

 complex , the fluorescence intensity 

does not differ from ligand at pH 2-3 and reaches maxima at pH 6 in 2 to 12 pH range with slight 

decrease in intensity at 11. This fluorescence behaviour of both, L and L-Al
3+

 permits its 

application under physiological conditions for wide pH range of 4-11 without hampering the 

detection results. For practical applications, the real-time determination was also important. The 

time evolution of receptor L in the presence of 10.0 equiv. of Al
3+

 in MeOH–H2O was 

investigated as shown in Fig. S8(a), the recognition interaction gets almost completed just after 

the addition of Al
3+

 and the fluorescence intensity remain almost same up to 10 min. This ensures 

the receptor L to be a sensitive sensor which can be applied in environmental analysis. 
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Fig. 5  Fluorescence intensity of L–Al
3+

 (L, 10 µM) after addition of 10 equiv. of Al
3+

 at various 

ranges of pH in MeOH-H2O (2:1, v/v) at room temperature. Inset: intensity at 373 nm. 

 

Reversibility is a prerequisite in developing novel chemosensors for practical applications.  The 

reversibility of L towards the Al
3+

 ion was checked using different anions and disodium salt of 

ethylenediamine tetraacetate (Na2EDTA). The fluorescence intensity of the L-Al
3+

 complex was 
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found to be quenched upon the addition of more than ten equiv. of NaNO3. This fluorescence 

quenched solution regained its fluorescence after the addition of Al2(SO4)3 (Scheme 3).  

 
 

Scheme 3 Schematic presentation for reversibility of sensor L 

 

In above experiment, on addition of NaNO3 in much higher concentration (>10 equiv.) to the L-

Al
3+

 complex in aqueous medium the nitrate ion substitutes L and binds with Al
3+

 thereby 

quenching the fluorescence intensity of the complex. But such phenomenon does not occur in 

competitive experiment (Fig. 4). In this case aqueous solution of Al(NO3)3(10 equiv.) was added 

to the mixed solution of L and NaNO3. As Na
+
 does not form complex with the ligand, it cannot 

interfere in Al
3+

- L complexation process. Consequently the fluorescence enhancement occurred 

as is observed in absence of NaNO3. In reversible experiment fluorescence quenched solution 

containing free ligand regained its fluorescence on addition of Al2(SO4)3 because the added Al
3+

 

got complexed with the free ligand. In Fig. 6 the reversible fluorescence switching cycles based 

on the intensity at 373 nm has been shown. Interestingly the addition of Na2EDTA has no effect 

on the fluorescence intensity of the L-Al
3+

 complex. The fluorescence spectrum of L-Al
3+

 

complex after addition of Na2EDTA has been provided in ESI section (Fig S9) 
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To further explore the complexation behaviour of receptor L with Al
3+, 1

H NMR titration 

experiments were carried out in mixed solvent DMSO-d
6
-D2O. The spectral differences are 

depicted in Fig. 7.  In the free ligand L, the protons  resonate at 8.77, 8.75, 7.87 and 7.46 ppm, out 

of which protons at 8.75 ppm may be assigned as imine protons. The imine protons as well as the 

aromatic protons of L shifted towards upfield, upon the addition of Al
3+

 upto 2 equiv. No 

significant shift of these peaks is observed in increasing the concentration of Al
+3

 ensuring the 

formation of 1:2 complex between the L and Al
+3

. 
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Fig. 7 
1
H NMR Titration of L with Al

3+
 in d6-DMSO-D2O (9/1, v/v) 
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To understand the aggregation property of L and [Al2L], and its effect on their chemo-

sensing property, scanning electron microscope (SEM) imaging was carried out. L and [Al2L] 

possess charge transfer, π–π stacking, and van der Waals force of attraction which cause the 

compounds to form a sheet-like 2D nanostructure and agglomerate material respectively (Fig. 

S10a and b). The aggregation mechanism might be due to the strong complexation of Al
3+

-ion 

with the ligand L. 

Application of chemosensor L in biological sample 

  

The results of the pH dependence and time dependence experiment prompted us to test whether 

the determination of Al
3+

 in biological sample can be monitored by fluorimetry. The sensor L was 

successfully utilised in the determination of Al
3+

 in aqueous solution of bovine serum albumin 

(BSA) protein. Fig. 8 shows the fluorescence intensity enhancement for L in BSA medium. The 

inset   is the plot of fluorescence intensity of L as a function of Al
3+

 concentration. An 

enhancement in fluorescence intensity of about 71 times has been observed.  
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Fig. 8 In aqueous bovine serum albumin medium-fluorescence spectra of L. Inset:  plot of 

fluorescence intensity versus Al
3+

 concentration. 

 

Colorimetric and spectral response of L towards HSO3
−
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The colorimetric selective sensing abilities of receptor L with various anions in a mixture of 

methanol-H2O (2 : 1, v/v) were also investigated by UV-Vis absorption spectrometry (Fig. 9). 

Only the addition of HSO3
-
 induced distinct spectral changes while other anions (F

-
, AcO

-
, Cl

-
, Br

-

, I
-
, H2PO4

-
 , HCO3

- 
N3

-
, NO3

- 
) did not induce any spectral changes. Consistent with the change in 

UV-Vis spectra, the solution of L resulted in an immediate colour change from yellow to 

colourless with bisulphite ion (Fig. 10), indicating that receptor L can serve as a ‘naked-eye’ 

bisulphite indicator in aqueous solution.  
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Fig. 9 Absorption spectral changes of 1 (10 µM) in the presence of 10 equiv. of different anions in 

MeOH-H2O (2:1, v/v) at room temperature. 

The binding properties of L with HSO3
-
 were further studied by UV-Visible titration experiment. 

As shown in Fig. 11, an increase in the absorption bands at 242 nm and 290 nm occurred with 

simultaneous decrease in absorption band at around 380 nm upon gradual addition of HSO3
-
 

developing an isosbestic points  at 335 nm. A prominent red shift of about 12 nm was observed at 

368 nm. This bathochromic shift of the absorption bands led us to propose that the π conjugate 

system of L underwent intramolecular charge transfer (ICT) from the donor to the acceptor upon 

excitation by light. Binding of HSO3
- 

with L affected the efficiency of ICT and reduced the 

electron-donating ability of imino nitrogen atoms leading to the decrease in intensity at 368 nm. 

To identify the ICT property of L, we have checked the change of its absorption spectra in several 

solvents such as dimethylsulfoxide, methanol, ethanol and acetonitrile because it has been 
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reported that the solvent dipole can relax the ICT excited by polar solvents.
19

  As shown in Fig. 

S11 and summarized in Table 1, the absorption spectra of L featured a marginal red-shift of 

absorption 

 

 
 

Fig. 10  The colour changes of L (10 µM) upon addition of various anions (10 equiv.)  in MeOH-

H2O (2:1, v/v) at room temperature. 

300 400 500
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.0 0.5 1.0 1.5 2.0

0.095

0.100

0.105

0.110

0.115

0.120

0.125

0.130

0.135

0.140

 

 

A
b
s
o
rb
a
n
c
e

[HSO3
-
 ]/[L]

 

 

A
b
s
o
rb
a
n
c
e

Wavelength (nm)

 

Fig. 11 Absorption spectra of L (10 µM) changes after addition of increasing amount of HSO3
-
 

upto 2 equiv. Inset: Absorption at 368 nm vs. the number of equiv. of HSO3
- 
added. 
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maxima (∆λabs = 13 nm), indicating an apparent solvent dependence of the absorption band. 

Therefore, this solvatochromic behaviour demonstrates the occurrence of the ICT transition in 

receptor L.
11,19

  

In order to get insight into the mechanism of optical detection of the HSO3
- 
, the pH of the 

bisulphite solution (10 µM) was checked at room temperature. The observed pH ambience (6.74) 

is not sufficient to hydrolyse  L in presence of  HSO3
-
 

 
ion and thus confirmed the fact that the 

colour and spectral change occurred in sensing HSO3
-
 
 
ion was solely due to H-bonding between 

imino- N atom and HSO3
-
 ion not due to hydrolysis. From the above mentioned UV titration 

profile the binding constant was determined to be 1.94×10
3
 with a good linearity (0.9936 ) 

between absorption intensity and the conc. of HSO3
-
(10µM- 200µM ) as shown in inset of Fig. 8.  

                     

                    Table 1 Absorption properties of L in various solvents 

 

 

 

 

 

 

The preferential selectivity of L as a colorimetric chemosensor for the detection of HSO3
- 

was studied in the presence of various competing anions. For competition tests, receptor L was 

treated with 10 equiv. of HSO3
-
 in the presence of 10 equiv. of other anions. No interference was 

observed in the detection of HSO3
-
 in the presence of other anions (Fig. 12). This result suggests 

that L could be an excellent sensor for selectively detecting HSO3
-
 in the presence of the 

competing anions. To get more details on the spectral changes of probe L towards HSO3
−
, 

scanning kinetics were then performed. For HSO3
-
 absorption intensity decreased suddenly within 

few seconds and remained almost constant up to 10 min on addition of 2 equiv. of HSO3
-
(Fig. 

S8b). 

 

Solvent λabs [nm] (log ε) 

Ethanol 368 (6.92) 

Methanol  373 (6.95) 

Acetonitrile 378 (6.87) 

DMSO 381 (7.09) 
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Fig. 12 The colour changes of L and its complexation with HSO3

−
 in the presence of various 

anions  in MeOH-H2O (2:1, v/v) at room temperature. Conditions: L, 10 µM; HSO3
−
, 10 equiv.; 

other anions, 10 equiv. 

To elucidate the binding interaction of receptor L with HSO3
−
, 

1
H NMR titration 

experiments were carried out in mixed solvent DMSO-d6-D2O. Upon addition of 2 equiv. of  

HSO3
−
 to the receptor L, the 

1
H NMR signal for imine proton disappeared, which illustrates the 

H-bond formation between  bisulphite
 
 hydrogen and imino-nitrogen atom of L in 2:1 molar ratio 

(Fig. 13). 

Page 20 of 27Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



 

 

Page 21 of 27 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



 

Fig. 13 
1
H NMR Titration of L with HSO3

-
 in d6-DMSO-D2O (9/1, v/v) 

To check the practical application, the test kits were utilized to sense HSO3
-
 among different 

anions. As shown in Fig. 14, when the test kits coated with L were added to different anion 

solutions, the obvious color change was observed only with HSO3
-
 in methanol- H2O solution (2 : 

1, v/v). Therefore, the test kits coated with the receptor L solution would be convenient for 

detecting HSO3
-
. These results showed that receptor L could be a valuable practical sensor for 

environmental analyses of HSO3
-
. 

 
 

 

 

Fig. 14 Photographs of the test kits with L (0.5 mM) for detecting the bisulphite ion in neutral 

aqueous solution with other anions. 

Measurements of bisulfite in food samples 

We have investigated the potential of the receptor L to determine bisulfite in food samples. The  

red sugar, crystal sugar and granulated sugar were dissolved and diluted in water as the real food 

sample for analysis. As shown in Table 2, we can realize that the receptor L is able to determine 

the concentration of HSO3
−
 in these real food samples with good recovery ranges from 98.5% to 

101.91%, indicating that the bisulfite level in these food samples can be accurately measured by 

the receptor L .  

Table 2 Determination of bisulphite in food samples 

Sample HSO3
-
 level (µM) Added (µM) Found (µM) Recovery(%) 

Red Sugar 4.70 0.50 

1.00 

5.23 

5.75 

100.57 

100.8 

Crystal Sugar 1.61 0.50 

1.00 

2.14 

2.66 

101.42 

101.91 

Granulated 

Sugar 

2.35 0.50 

1.00 

2.81 

3.30 

98.59 

98.50 
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Conclusion 

 

In summary, we have successfully designed and synthesized a simple, fluorescent-colorimetric 

chemosensor L, capable of recognizing both cation and anion in aqueous solution. L exhibited an 

excellent selectivity and sensitivity towards Al
3+

 by both fluorescent intensity enhancement and 

colorimetrically and can sense HSO3
-
 by inducing a rapid colour change from yellow to 

colourless. The detection limit of L for Al
3+

 (0.903µM) was much lower than that mentioned in 

guidelines of the WHO (7.41 µM). Moreover, L could operate in a wide range of pH and can be 

successfully applied to biological samples for detecting Al
3+

 and for measurements of bisulfite in 

food samples.  Although there are several reports of chemosensors based on rhodamine, coumarin, 

calixarene, pyrene,  BODIPY, 8-hydroxyquinoline, anthraquinone, BINOL and other Schiff base 

molecules,
20 most of them suffers from some serious disadvantages such as poor water-solubility, 

laborious synthetic processes and interference from other coexisting metal ions, low detection 

limit and slow detection in practice etc. In addition, they are generally expensive and not suitable 

in constructing device. On the basis of these results, we believe that our receptor L will offer an 

important guidance to the development of single receptor for recognizing cation and anion both in 

vivo and in vitro. 
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GRAPHICAL ABSTRACT 

A reversible fluorescent-colorimetric imino-pyridyl bis-Schiff 

base sensor for expeditious detection of Al
3+ 

and HSO3
-
 in aqueous 

media  

Anupam Ghorai, Jahangir Mondal, Rukmani Chandra and Goutam K Patra*  
 

Department of Chemistry, Guru Ghasidas Vishwavidyalaya, Bilaspur (C.G) 

 

A reversible fluorescent-colorimetric imino-pyridyl bis-Schiff base receptor (N
1
E,N

4
E)-

N
1
,N

4
-bis(pyridine-4-ylmethylene)benzene-1,4-diamine (L) for easy, convenient, rapid and 

sensitive detection of both Al
3+

 and HSO3
−
 in aqueous medium has been developed. The 

receptor L shows remarkable detection ability in a wide pH range of 4–11 and successfully 

utilised in the determination of Al
3+

 in aqueous solution of bovine serum albumin protein and 

HSO3
−
 in real food samples. 
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