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Abstract: A highly sensitive and selective coumarin based fluorescence ‘turn-on’ chemosensor 

(HL) for the efficient detection of Zn
2+
 and HSO4

−
 over other ions has been developed. The 

emission intensity of chemosensor (HL) enhanced by 27 fold in presence of Zn
2+
 and the 

maxima has been red shifted by 35 nm. Upon gradual addition of HSO4
−
 to the receptor solution, 

emission intensity increases by 17 fold and the emission maxima shows a blue shift of 46 nm. 

Theoretical study interprets the electronic structure and sensing property of the developed HL. 
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Abstract: A highly sensitive and selective coumarin based 

fluorescence ‘turn-on’ chemosensor (HL) for the efficient 

detection of Zn2+ and HSO4
− over other ions has been developed. 

Theoretical study interprets the electronic structure and sensing 10 

property of the developed HL. 

 

Introduction 

Development of artificial optical chemosensor for recognizing 

biologically and environmentally important analytes has become 15 

an active field of research1 with outstanding potential application 

in the field of analytical chemistry,2 clinical biology including 

environmental studies.3 These molecules with photoinduced 

switching property have great deal of application in the field of 

molecular electronics and sensor device application.4 However 20 

most of the reported chemosensors are effective only in selective 

recognition of a particular analyte.5 Thus development of 

multifunctional chemosensors for the detection of more than one 

analyte still remains a challenging field of research.6  
Zinc is the second most abundant and essential element in 25 

human body with active participation in various biologically 

essential processes like oxygen transport,7 gene expression,8 

energy generation9 and cellular metabolism.10 But unregulated 

level of Zn2+ in human body may lead to several  life threatening 

diseases such as β-thalassemia, Friedreich’s ataxia, and several 30 

neurodegenerative diseases including Alzheimer’s disease, 

Parkinson’s disease and epilepsy.11 Again Zn2+ is also a harmful 

pollutant for our environment.12 Thus it is highly important to 

develop artificial chemosensors for the efficient detection of Zn2+ 

both ‘in vivo’ as well as ‘in vitro’ cases. Due to this immense 35 

demand in the field of development of artificial chemosensors for 

Zn2+, several sensing devices comprising of Schiff base skeleton, 

polythiacrown ethers, have been developed in the recent few 

years.13 However most of the artificial fluorescent probes used for 

detection of Zn2+ suffer the problem of insufficient selectivity due 40 

to special interference from Cd2+.14 FluoZin-3, a commonly used 

Zn2+ sensor suffers the problem of interference from Ca2+ at 

higher concentratiom.15 

Recognition and sensing of HSO4
− is specially an active field 

of research as this anion can be found in agricultural fertilizers 45 

and industrial raw materials which can affect the environment 

adversely.16 HSO4
−  dissociates at higher pH producing sulphate 

ion which causes skin problems, irritation to eyes and also creates 

respiratory problems. HSO4
−  ion can also be used for preventing 

environmental damage caused due to radioactive waste.17 HSO4
− 

50 

also plays an important role in biological systems18 but till date 

only a few chemosensors for the detection of this anion have been 

reported so far.19 

Thus herein we report a coumarin based chemosensor 

showing dual switching ‘turn-on’ property for both Zn2+ and 55 

HSO4
− . Coumarin framework has been used as the basic 

fluorophore due to its various interesting photophysical properties 

such as Strokes shift and visible excitation and emission 

wavelengths.20 Moreover coumarin moiety has high importance 

as fluorescent dyes.21 Gradual addition of Zn2+ to HL in CH3CN / 60 

H2O, 1:1, v/v (at 25°C) shows an excellent fluorescence emission 

intensity enhancement of 27 fold. Whereas in presence of HSO4
−, 

HL shows an emission intensity increase of 17 fold. The 

synthesized chemosensor HL is highly selective towards Zn2+ 
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even in presence of other metal ions and is also highly selective 

for HSO4
− over other anions. Moreover the receptor HL can also 

act as a water soluble fluorescent sensor for HSO4
−. Only a few 

water soluble chemosensors have been reported so far for 

HSO4
−.22 5 

 

Results and discussion 

Synthesis and spectral characterization 

Synthetic route towards receptor HL involves a very facile and 

economically cheap route involving the Schiff base condensation 10 

of 3-Acetyl-4-hydroxycoumarin and N,N′-Dimethyl-p-

phenylenediamine in 1:1 molar ratio in methanolic medium under 

reflux condition. Excellent yield of 77% has been obtained 

(Scheme 1). The receptor HL has been characterized by elemental 

and mass spectral analysis along with several other spectroscopic 15 

techniques (IR, UV–Vis, NMR etc.). 
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Scheme 1. Synthesis of chemosensor HL and its Zn2+ complex 

In the IR spectrum, the lactone C=O stretching frequency 

appears at 1709 cm-1 and the keto C=O appears at 1616 cm-1 and 20 

C=C appears at 1568 cm-1. In 1H NMR spectrum of the sensor 

HL in CDCl3, hydrogen bonded NH proton appears at δ 15.5823 

which disappears in the HL-Zn2+ complex due to coordination of 

HL to the metal in the enol form. The aromatic protons in HL 

appear as expected in the region δ 8.08-6.73. The –COCH3 25 

protons appear at δ 2.68 as singlet (Fig. S1) and the –NCH3 

appear at δ 3.01 as singlet as expected. In the HL-Zn2+ complex 

all aromatic protons appear at a bit downfield position compared 

to that of HL, which can be clearly explained due to the 

coordination of Zn2+ with HL. 13C NMR spectrum  of HL shows a 30 

peak at δ 181.5 corresponding to the keto C=O carbon while at δ 

175.6 the peak corresponds to the C-N carbon, and at δ 162.6 

corresponds to lactone carbon in the coumarin ring. The –NCH3 

carbon appears at δ 40.4 while the acetyl carbon appears at δ 20.8  

(Fig S2). Mass spectra show m/z peak corresponding to [M+H]+ 35 

at 323.2 for HL (Fig. S3) and at 461.2 corresponding to [M+Na]+ 

for the HL-Zn2+ complex (Fig. S4) thus supporting 1:1 complex 

formation. 

Cation sensing studies of HL 

UV-Vis study 40 

Receptor HL (10 µM) shows absorbance bands at 230 nm, 256 

nm, 321 nm and 369 nm in 1:1, v/v CH3CN:H2O using HEPES 

buffered solution at pH=7.2. Upon gradual addition of ZnCl2 (100 

µM) solution the band at 256 nm shifts and a new strong 

absorption band appears at 267 nm. The absorption band at 321 45 

nm and 369 nm gradually decreases on addition of Zn2+ and a 

distinct isosbestic point appears at 314 nm. This red shift and 

gradual decrease in absorption intensity is due to the coordination 

of HL to Zn2+ (Fig. 1). UV-Vis spectrum of HL is also studied in 

presence of other metal ions i,e,  Na+, K+, Ca2+, Mg2+, Mn2+, Fe3+, 50 

Cr3+, Al3+, Co2+, Ni2+, Cu2+, Cd2+ and Hg2+  but there is hardly any 

change in the spectral pattern (Fig. S5). 

 

Fig. 1. Changes in UV-Vis spectrum of HL (10 µM) upon gradual 

addition of Zn2+ (100 µM) in 1:1, v/v CH3CN:H2O using HEPES 55 

buffered solution at pH=7.2  

 

Fluorescence study 

In the absence of metal ions the emission spectrum of the 

synthesized chemosensor HL shows a very weak emission band 60 

with maxima (F0) at 422 nm (λexcitation, 370 nm). The fluorescence 

quantum yield (φ = 0.006) is very poor. Gradual addition of Zn2+ 

to the above solution shows an excellent fluorescence 

enhancement by 27 fold (φ = 0.128) and the maxima has been red 

shifted by 35 nm due to coordination of Zn2+ with HL (Fig. 2). 65 

The life time decays of HL and HL-Zn2+ complex fit well with bi-

exponential decay profile with life time 0.69 and 2.03 ns 

respectively (Fig. S6). This fluorescence enhancement reflects a 
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strong selective OFF-ON fluorescent signalling property of HL 

for Zn2+. 

Jobs plot of emission intensity shows a maxima in the plot 

corresponds to ~0.5 mole fraction indicating 1:1 complex 

formation of HL with Zn2+ (Fig. S7). From emission spectral 5 

change, limit of detection of the chemosensor for Zn2+ is 

determined using the equation LOD= K × SD/S where SD is the 

standard deviation of the blank solution and S in the slope of the 

calibration curve (Fig. S8). The limit of detection for Zn2+ is 

found to be 6.541×10-5 M from fluorescent spectral titration. This 10 

result clearly demonstrates that the chemosensor is highly 

efficient in sensing Zn2+ even in very minute level. From 

fluorescent spectral titration the association constant of HL with 

Zn2+ is found to be 4.8×105 and stoichiometry of the reaction n = 

1.113 indicating 1:1 complex formation (Fig. S9). 15 

 

 

 

 

 20 

 

 

 

 

 25 

Fig. 2. Changes in emission spectrum of HL (10 µM) upon 

gradual addition of Zn2+ (100 µM) (λexcittion = 370 nm) in 1:1, v/v 

CH3CN:H2O using HEPES buffered solution at pH=7.2 

Fluorescence emission intensity of HL (10 µM) is studied in 

presence of other metals i,e,  Na+, K+, Ca2+, Mg2+, Mn2+, Fe3+, 30 

Cr3+, Al3+, Co2+, Ni2+, Cu2+, Cd2+ and Hg2+ (100 µM) in CH3CN : 

H2O (1:1, v/v, pH=7.2) but there is hardly any increase in 

emission intensity of HL (Fig. 3). Then to these solutions Zn2+ is 

added which then shows an instant fluorescent enhancement (Fig. 

S10). Thus the synthesized receptor HL is highly efficient in 35 

detection of Zn2+ in presence of other metals and thus it can 

detect Zn2+ in biological or environmental samples where other 

metals usually co-exist with Zn2+. 

 

Anion sensing study 40 

UV-Vis study 

Upon gradual addition of HSO4
− (100 µM) to HL (10 µM) in 50% 

aqueous acetonitrile medium, that absorption band at 321 nm 

shows a gradual red shift and a new band appears at 330 nm, 

while the band at 369 nm is gradually vanished resulting in two 45 

distinct isosbestic points at 307 nm and 357 nm. Thus a distinct 

change in absorption pattern is observed due to complexation of 

HL with HSO4
− (Fig. 4). The UV-Vis of HL (10 µM) is studied in 

presence of other anions i,e,  F-, Cl-, Br-, I-, SO4
2-, NO2

-, NO3
-, 

OAc-, S2-, H2PO4
- and ClO4

- (100 µM) but no significant changes 50 

have been observed (Fig. S11). 

 

 

 

 55 

 

 

 

 

 60 

 

 

Fig. 3. Emission spectrum of HL upon addition of Na+, K+, Ca2+, 

Mg2+, Mn2+, Fe3+, Cr3+, Al3+, Co2+, Ni2+, Cu2+, Cd2+, Hg2+ and 

Zn2+ in CH3CN : H2O (1:1, v/v, pH=7.2) 65 

 

 

 

 

 70 

 

 

 

 

 75 

 

 

Fig. 4. Changes in UV-Vis spectrum of HL (7 µM) upon gradual 

addition of HSO4
− (70 µM) in 1:1, v/v CH3CN:H2O  

 80 

Fluorescence study 

Upon gradual addition of HSO4
− to the receptor solution, 

emission intensity increases by 17 fold and the emission maxima 

shows a blue shift of 46 nm and the new maxima centred around 

376 nm (Fig. 5). This clearly indicates a ‘Turn-On’ response of 85 

the synthesized chemosensor for HL. The detection limit of HL 
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for HSO4
− is found to 0.274×10-6 M from emission spectral 

titration (Fig. S12). The association constant is found to be 

1.17×106  with an order of n = 1.11 (Fig. S13). Job’s plot based on 

emission spectral titration clearly indicates that the maxima 

corresponds to mole fraction ~0.5 suggesting 1:1 complex 5 

formation of HL with HSO4
− (Fig. S14). The emission intensity 

of HL with HSO4
− in presence of several other anions has been 

studied and in every case there is no significant interference due 

to the presence of other anions (Fig. S15). 

 10 

Fig. 5. Changes in emission spectrum of HL (10 µM) upon 

gradual addition of HSO4
− (100 µM) in 1:1, v/v CH3CN:H2O  

 

Electronic structure and DFT calculation 

To interpret the electronic structure of HL, geometry optimization 15 

has been performed by DFT/B3LYP method in singlet ground 

state (S0) (Fig. 6). The potential energy scan (Fig. 7) in S0 state 

reveals that the keto form is more stable by an amount of energy 

of 7.15 kcal/mol than the corresponding enol form which is 

consistent with the X-ray structure of this type of molecules.23 20 

The geometry of HL-Zn2+ and HL-HSO4
− have been optimized 

and the energy minimized structures are shown in Fig.8 and Fig. 

9 respectively. Contour plot of selected molecular orbitals of HL 

and its complexes with Zn2+ and HSO4 ̄ are given in Fig. S16, Fig. 

S17 and Fig. S18  respectively. HL acts as a N,O bidentate ligand 25 

and gets coordinated to Zn2+ in a tetrahedral fashion with the 

other to sites occupied by a water molecule and chloride ion. In 

HL-HSO4
−, hydrogen atom of HSO4

−  gets hydrogen bonded with 

the imine-N of HL with a distance of 1.78 Å. The O atom of 

HSO4
− gets H bonded with OH of coumarin ring with a distance 30 

of 1.58 Å.   

 

 

 

 35 

Fig. 6. Optimized structure of HL by DFT/B3LYP/6-31+G(d) 

method. 

Fig. 7. Potential energy scan in singlet ground (S0) state of HL by 

DFT/B3LYP/6-31+G(d) method 

 40 

Fig. 8. Optimized structure of HL-Zn2+ by DFT/B3LYP/6-

31+G(d) method. 

 

Fig. 9. Optimized structure of HL-HSO4
− by DFT/B3LYP/6-

31+G(d) method. 45 
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Sensing mechanism 

In the absence of Zn2+, HL shows a weak emmision band 

centered around 422 nm. Upon gradual addition of Zn2+, the 

receptor HL shows an excellent fluorescence intensity 

enhancement of 27 fold. The developed chemosensor HL can 5 

exist in ‘keto’ and ‘enol’ tautermeric forms due to excited state 

intramolecular proton transfer (ESIPT) process24 but in the 

ground state (S0) the equilibrium predominantly shifts towards 

the keto form which has low emmision intensity.19a The ground 

state of HL in the keto form is actually in the fluorescence-OFF 10 

mode. Upon addition of the analyte the sensor HL shifts its 

equilibrium to the enol form to bind with Zn2+. Thus fluorescense 

intensity enhancement is observed in presence of Zn2+. In case of 

HSO4
−  hydrogen bonded interaction with the receptor HL, in the 

enolic form, shows an increase in emmission intensity. 15 

Experimental Section 

Material and methods 

4-Hydroxycoumarin and N,N-Dimethylbenzene-1,4-diamine were 

purchased from Aldrich. All other organic chemicals and 

inorganic salts were available from commercial suppliers and 20 

used without further purification. 

Elemental analysis was carried out in a 2400 Series-II CHN 

analyzer, Perkin Elmer, USA. ESI mass spectra were recorded on 

a micromass Q-TOF mass spectrometer. Infrared spectra were 

taken on a RX-1 Perkin Elmer spectrophotometer with samples 25 

prepared as KBr pellets. Electronic spectral studies were 

performed on a Perkin Elmer Lambda 25 spectrophotometer. 

Luminescence property was measured using Perkin Elmer LS 55 

fluorescence spectrophotometer at room temperature (298 K). 

NMR spectra were recorded using a Bruker (AC) 300 MHz 30 

FTNMR spectrometer in CDCl3. Fluorescence lifetimes were 

measured using a time-resolved spectrofluorometer from IBH, 

UK. The instrument uses a picoseconds diode laser (NanoLed-03, 

370 nm) as the excitation source and works on the principle of 

time-correlated single photon counting.25 The goodness of fit was 35 

evaluated by χ2 criterion and visual inspection of the residuals of 

the fitted function to the data. 

The luminescence quantum yield was determined using 

carbazole as reference with a known φR of 0.42 in MeCN. The 

complex and the reference dye were excited at the same 40 

wavelength, maintaining nearly equal absorbance (~0.1), and the 

emission spectra were recorded. The area of the emission 

spectrum was integrated using the software available in the 

instrument and the quantum yield is calculated according to the 

following equation: 45 

φS/φR  =  [AS / AR ] x [(Abs)R /(Abs)S ] x [ηS
2/ηR

2]. 

Here, φS and φR are the luminescence quantum yield of the 

sample and reference, respectively. AS and AR are the area under 

the emission spectra of the sample and the reference respectively, 

(Abs)S and (Abs)R are the respective optical densities of the 50 

sample and the reference solution at the wavelength of excitation, 

and ηS  and  ηR are the values of refractive index for the 

respective solvent used for the sample and reference. 

 

Synthesis of 3-[1-(4-dimethylamino)phenylimino]ethyl-4-55 

hydroxy-2H-chromen-2-one (HL) 

3-Acetyl-4-hydroxy-2H-chromen-2-one (L)26 (0.306 g, 1.5 mmol) 

and N,N′-Dimethylbenzene-1,4-diamine (0.204 g, 1.5 mmol) 

were refluxed for 10 hours in methanolic medium. Excess solvent 

was evaporated under reduced pressure and then dissolved in 60 

dichoromethane which is further subjected to silica gel (60-120 

mesh) column chromatographic separation. The desired light 

yellow solid product was obtained by elution with 20% 

ethylacetate:petether (v/v) mixture. Yield : 0.371 g, 77%. 

 Anal. Calc. for C19H18N2O3 (HL): Calc. (%) C 70.79, H 65 

5.63, N 8.69. Found (%), C 70.93, H 5.59, N 8.52.  IR data (KBr, 

cm-1): 1709 υ(lactone C=O); 1616 υ(keto C=O), 1568 υ(C=C). 

1H NMR data (CDCl3, 300 MHz): δ 15.58 (1H, s), 8.08 (1H, d, J= 

7.7 Hz), 7.53-7.55 (1H, m), 7.22-7.25(1H, m), 7.07 (1H, d, J = 

8.8 Hz), 6.73 (1H, d, J= 8.9 Hz), 3.01 (6H, s), 2.68 (3H, s). 13C 70 

NMR (CDCl3, 75 MHz): δ 181.5, 175.6, 162.6, 153.8, 149.9, 

133.8, 126.1, 126.0, 124.7, 123.5, 120.3, 116.6, 112.4, 97.8, 40.4, 

20.8. Melting point: 205⁰C 

 

General method for UV-Vis and fluorescence titration 75 

UV-Vis method 

Stock solution of the receptor HL (10 µM) in [(CH3CN/H2O), 

1:1, v/v] (at 25°C) using HEPES buffered solution (50 mM) at 

pH=7.2 was prepared. The solution of the guest cations and 

anions using their chloride salts and sodium salts respectively in 80 

the order of 10-4 M were prepared in deionised water. Solutions 

of various concentrations containing host and increasing 

concentrations of cations and anions were prepared separately. 

The spectra of these solutions were recorded by means of UV-Vis 

method. 85 

Page 6 of 8RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

6  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

Fluorescence method 

For fluorescence titrations, stock solution of the sensor was 

prepared following the same procedure as used in case of UV-Vis 

titration. The solution of the guest cations and anions using their 

chloride salts and sodium salts respectively in the order of 10-4 M, 5 

were prepared in deionized water. Solutions of various 

concentrations containing sensor and increasing concentrations of 

cations and anions were prepared separately. The spectra of these 

solutions were recorded by means of fluorescence methods. 

Job’s plot by fluorescence method 10 

A series of solutions containing HL (10 µM) and ZnCl2 (10 µM) 

were prepared in such a manner that the sum of the total metal 

ion and HL volume remained constant (4 ml). CH3CN:H2O (1:1, 

v/v) was used as solvent at pH 7.2 using HEPES buffer. Again a 

series of solutions containing HL (10 µM) and NaHSO4 (10 µM) 15 

were prepared such that the sum of the total volume remained 

constant (4 ml). Here also CH3CN:H2O (1:1, v/v) was used as 

solvent at pH 7.2 using HEPES buffer. Job’s plots were drawn by 

plotting ∆F versus mole fraction of Zn2+ or HSO4
−

 [∆F = change 

of intensity of the emission spectrum at 457 nm (for Zn2+) and at 20 

376 nm (for HSO4
−) during titration and Xg is the mole fraction of 

the guest in each case, respectively]. 

Computational method  

All computations were performed using the Gaussian09 (G09) 

program.27 Full geometry optimization of HL and its Zn complex 25 

were carried out using the DFT method at the B3LYP level of 

theory.28 The 6-31+G(d) basis set was assigned for C, H, N and O 

atoms. The lanL2DZ basis set with effective core potential was 

employed for the Zn atom.29 The vibrational frequency 

calculations were performed to ensure that the optimized 30 

geometries represent the local minima of potential energy surface 

and there are only positive eigen-values.  

Conclusion 

Thus in brief we report herein a coumarin based organic moety 

which shows dual sensing fluorescent ‘Turn-On’ property in 35 

presence of both Zn2+ and HSO4
− ions. The developed 

chemosensor is synthesized using a very simple and economically 

cheap synthetic route with excellent yield. The developed 

chemosensor shows high selectivity for Zn2+ and HSO4
− even in 

presence of several other ions. We believe that in near future our 40 

developed chemosensor HL will be useful in designing more 

selective and efficient receptors for recognizing Zn2+ in biological 

systems. 
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