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A dipodial ligand 2,2’-((ethane-1,2-diylbis(azanediyl))bis(ethane-1,1-diyl))diphenol was synthesized through condensation 

reaction and was characterized with IR, 1H NMR, 13C-NMR, and mass spectroscopy. The receptor 2 has shown marked enhancement in 

fluorescence intensity (emission signal at 341 nm) on binding with the Zn2+ compared to other surveyed metal ions. The sensor has 10 

shown dramatic changes in dual channel fluorescence emission with λmax at 300 and 341 nm.  The successive addition of Zn2+ to the 

solution of sensor lead to blue shift the peak maxima and interestingly upon addition of higher equivalents of Zn2+ quenches the 

fluorescence intensity of sensor and ultimately original fluorescent profile of sensor is restored. The structures of 2 and 3 were optimized 

with B3LYP/LanL2DZ basis sets. The receptor 2 was successfully detect the Zn2+ ion in HeLa cells cultured in Zn2+ enriched medium.  

Introduction  15 

 The research arena of supramolecular chemistry is appending 

towards the synthesis of simple, cost effective noncyclic 

receptors; which avails the distinct fluorescence-based detection 

of physiologically important metal ions.1-5 Several metal ions 

play a crucial role in physiological processes as long as they do 20 

not exceed the cellular needs.6-9  Zn2+ has an indispensable role in 

many biological processes such as Zn2+ is involved in stimulation 

of more than 100 enzymes in the body.10-13  Now a day the role of 

Zn2+  in neurobiology was thoroughly explored; such as, neuronal 

passing can occur as a result of abandoned Zn2+ ion released after 25 

stressful brain injury, stroke, or seizure.14-16  Zn2+ also stimulate 

the production of α-amyloid leading to Alzheimer's disease and 

other neurological threats.17  Moreover, the excess of Zn2+ present 

in the soil may lead to suspend the activities of several important 

microbes. The regulated amounts of Zn2+ is important for the 30 

physiological functioning of flora and fauna;18 thus Zn2+ is often 

considered as an interesting paradox to life and highlight the 

importance of detection methods for Zn2+ recognition in 

environmental and biological samples. 

 The deficiency of proper detecting probe for over a quite large 35 

concentration range and exhibiting high binding affinity causes a 

severe interference for further surveys of this metal ion.19  Most 

of the reported sensors for Zn2+  ion shows deprived binding 

affinity towards Zn2+  ion and suffer strong interference effects. 
20,21 A significant effort has been dedicated to the improvement of 40 

Zn2+  selective fluorescent receptors in the last decade. However, 

in most cases fluorescence changes can only be observed in non-

aqueous solvent and as well as affected by the common 

interference of other cations, which bound the limits for their 

analytical application in environmental real samples. Therefore, 45 

the development of highly sensitive and selective fluorescent 

receptor for Zn2+ ion in aqueous solution is very important and is 

still stimulating task for the researchers.22  

 Herein, we explored the new application of receptor 2 as cation 

sensor with “Turn-ON” mechanism based upon the concentration 50 

of metal ion. It is merit to mention that, compared to the 

previously reported receptors for Zn2+ our synthesized receptor 

shown a comparable affinity towards zinc ion with low detection 

limit.23-27 

Experimental  55 

General Information 

 IR spectra were recorded on a Perkin Elmer Spectrum one 

spectrometer, using Nujol Mull. 1H and 13C NMR spectra were 

obtained on a Bruker AVANCE DMX400 spectrometer in 

DMSO-d6 as solvent. Fluorescence measurements were made 60 

with a HORIBA JOBIN YVON, Fluoromax-4 

Spectrofluorometer. UV–Vis absorption spectra were recorded on 

Shimadzu UV-2450 spectrophotometer. The fluorescence images 

were recorded on Leica DM 1000 fluorescence microscope using 

UV filter (Excitation–UV, Band Pass range: 340-380 nm, 65 

Dichromatic Mirror: 400 nm) and Green Filter (Excitation –

Green, Band Pass range: 515-560 nm, Dichromatic Mirror: 580 

nm). Thermal analysis study was carried out on Perkin Elmer 

DSC 400 and Perkin Elmer TGA 400. The solvents were distilled 

before use to ensure purity. Commercially available reagents 70 

were used without further purification.  

Synthesis of receptor 2 

 Compound 1 was synthesized by refluxing one mole of ethane-

1,2-diamine (0.60 g, 10 mmol) with two equivalents of 2-hydroxy 

acetophenone (2.72 g, 20 mmol) in ethanol (50 ml). Compound 1 75 

was obtained with good yield and appears as a yellow crystalline 

powder with 70 % yield, mp >250 0C. Further receptor 2 was 
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obtained from compound 1 by reduction of imine linkages with 

NaBH4 in CH3OH with good yield.  Yield 81 %, mp ≥ 2500C. IR 

(KBr, cm-1): υ = 3291, 2841, 2556, 1900, 1815, 1591, 1450, 

1352, 1242, 1197, 1032, 968, 932, 873, 760 cm-1;  1H -NMR (300 

MHz, CDCl3): δ = 1.42-1.46 (d, 6H, 2-CH3), 1.67-1.75 (bs, 2H, 5 

2-OH), 2.72-2.80(t, 4H, 2-CH2-), 3.80-3.89(q, 2H, 2=CH-), 6.74-

7.17 (m, 8H, Ar-H), 11.38 (s, 2H, NH). 13C NMR (75 MHz, 

CDCl3 = few drops of DMSO): δ = 21.1, 46.8, 58.9, 116.5, 119.0, 

126.4, 127.9, 128.2, 156.9. LC-MS(M+H+) calcd for C18H25N2O2 

=301.19, found for  C18H25N2O2 = 301.07.CHN Analysis; Calcd. 10 

C, 71.97; H, 8.05; N, 9.33; Found C, 71.82; H, 8.19; N, 9.37. 

Cation recognition studies  

 The cation recognition studies were performed at ambient 

temperature (25oC), and the solution was repeatedly shaken 

before recording absorption and emission spectra to ensure 15 

uniformity. The cation binding ability of receptor 2 was studied 

by adding fixed amounts (0.5 equivalent) of metal salts (1 mM) to 

a standard solution of receptor 2 (0.1 mM, 2 ml) in CH3CN by 

keeping the solvent ratio constant throughout the experiment. The 

binding study was explored by using fluorescence spectroscopy. 20 

UV–visible and fluorescence spectral measurements 

 For UV–Vis absorption and fluorescence spectroscopy, the 

metal ion Na+, K+, Mg2+, Al3+, Cs+, Ba2+,Ca2+,  Sr2+, Fe3+, Co2+, 

Ni2+, Cu2+, Zn2+, Cd2+, Hg2+, Pb2+, Th4+, Ag+, and Bi3+ were 

added as their nitrates, Cr3+, Mn2+ were added as their chlorides, 25 

while U6+ was added as its sulphate. The solutions of metal salts 

(1 mM) were prepared in CH3CN containing 1% H2O for analysis 

with receptor 2. The solution of receptor 2 (0.1 mM) was freshly 

prepared in CH3CN containing 1% H2O. This solvent ratio was 

kept constant throughout the experiment. The excitation was 30 

carried out at 278 nm for receptor 2 with 5 nm emission slit 

widths in fluorometer. For absorbance and fluorescence 

measurements 1 cm width and 3.5 cm height quartz cells were 

used. 

In vitro Cell imaging 35 

 Human cervical cancer cell HeLa was procured from National 

Centre for Cell Science, Pune, India and cultured in DMEM 

medium supplemented with 10% FBS and 2% L-glutamine-

Penicillin-Streptomycin and maintained at 37⁰C in a humidified 

CO2 incubator. The cells were seeded in the 35 mm culture dish 40 

with seeding density of 30 x 104 cells. After reaching 60% 

confluence, complete media was replaced with serum free media. 

Immediately cells were treated with receptor 2 (2 µM) and 

incubated for 2 h. After washing the dish, fresh media was added 

and Zn2+
 (25 µM) were also supplemented to the media. Live 45 

imaging of the cells were taken under florescence inverted 

microscope  (Leica DMI 6000B)  using UV and green excitation 

filter under 20x objective.  

 

Result and Discussion 50 

2,2’-{ethane-1,2-diylbis[nitrile(1E)eth-1-yl-1-ylidene]}diphenol 

(Compound 1) was synthesized by refluxing an ethanol solution 

of 2-hydroxyacetophenone and ethane-1,2-diamine (2:1 molar 

ratio) for one hour. The reaction mixture was cooled and yellow 

coloured crystals of compound 1 were separated out. The crystals 55 

were filtered off and recrystallized from ethanol to give bright 

yellow crystals. Compound 1 was obtained with good yield.21 

Further, receptor 2 was synthesized through reduction of 

compound 1 with NaBH4 (Scheme 1). The synthesized receptor 2 

was characterized by melting point, IR, 1H-NMR, 13C-NMR, 60 

mass spectroscopy (Figure S1-4).28 The thermal behaviour of 

receptor 2 and 3 were studied using Thermogravimetric analysis 

(TGA) and Differential scanning calorimetry (DSC). TGA data 

shows that the sharp endothermic peak for decomposition of 2,2’-

((ethane-1,2-diylbis(azanediyl))bis(ethane-1,1-diyl))diphenol (2) 65 

and the 3 was obtained at 246.89 and 122.68 �	respectively 

(Figure S5a-b). 

 

Scheme-1: Synthesis route of receptor 2 and 3 70 

The small initial weight loss in case of 3 may be attributed to 

crystalline water molecule. DSC data depicted in Figure S6a-b 

revealed that the endothermic peak at 111.87 and 114.74 

�	corresponds to melting points of receptor 2 and the 3. The 

small peak obtained at 106.81 may be owing to crystalline water 75 

molecule. 

 We tested the binding ability of receptor 2 by mixing it with 

Na+, K+, Mg2+, Al3+, Cs+, Ba2+,Ca2+,  Sr2+, Cr3+, Mn2+, Fe3+, Co2+, 

Ni2+, Cu2+, Zn2+, Cd2+, Hg2+, Pb2+, Th4+, Ag+, Bi3+, and U6+ metal 

ions in CH3CN containing 1% H2O. The receptor 2 exhibited 80 

fluorescence emission maxima at 300 and 341 nm upon 

excitation at 278 nm. The fluorescence was selectively and 

significantly enhancement in the presence of Zn2+ ion. There was 

no such distinct fluorescence turn on observed in emission outline 

of receptor 2 in the presence of other tested metal ions, which 85 

indicated the high selectivity of receptor 2 for Zn2+ ion (Figure 

1a). The enhancement of fluorescence was attributed to 

occurrence of the strong complexation to form 3, resulting in the 

internal charge transfer (ICT) between array of two phenolic 

moieties along with two amines and zinc ion.29,30 These four 90 

atoms constitute a tetrahedral pseudo cavity for selective binding 

with zinc ion. The effect of increasing concentration of Zn2+ ion 

on the emission intensity of receptor 2 is pictured in Figure S7a-

b. With increase of Zn2+ concentration, the emission intensity 

increased drastically and reached saturation with 8- fold 95 

enhancement at 385 nm when 1 equiv. (200 µl) of Zn2+ was 

added. From titration data, the dramatic change in the two 

emission maxima of receptor 2 at 300 and 341 nm was observed. 

Addition of Zn2+ up to 10 µl shows enhancement in both the 

peaks with comparatively less enhancement assisting with a blue 100 

shifting for the peak at 341 nm to 326 nm (∆λ = 15 nm) (Figure 

S7a). With further addition of Zn2+ ion solution, the resurgence in 

Page 2 of 6Photochemical & Photobiological Sciences

P
ho

to
ch

em
ic

al
&

P
ho

to
bi

ol
og

ic
al

S
ci

en
ce

s
A

cc
ep

te
d

M
an

us
cr

ip
t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  3 

the fluorescence intensity of the emission peak shifted at 326 nm 

followed by the restoring to its original position at 341 nm (upon 

addition of 100 µl Zn2+ ion solution), with decrease in the 

emission peak at 300 nm assisted with a small red shift (∆λ = 7 

nm). The further proceeding of Zn2+ ion solution addition shows 5 

enhancement in the emission maximum at 341 nm and decrease 

in emission intensity of the shifted peak at 307 nm. This provided 

judicious pathway for chelation-enhanced fluorescence (CHEF) 

between the Zn2+ ion and receptor 2 (Figure S7b).31 Also the 

significant sensing of Zn+ ion by receptor 2 may be attributed to 10 

the tetravalent pseudocavity within the synthesized key 

receptor.32 

 
Figure 1. (A) Fluorescence emission spectra of receptor 2 (0.1 mM) in 

the presence of different cations (1 mM), at excitation λex = 278 nm; (B) 15 

Absorbance spectra of receptor 2 (0.1 mM) with and without Zn2+ ion in 

CH3CN containing 1% H2O. 

 

 The reason of these dramatic changes in the fluorescence 

intensity of two emission maxima shown by receptor 2 was 20 

explained by the mole plot pictured in Figure S7c. It was 

revealed from the mole ratio plot the fluorescence enhancement 

up to 0.5 equivalent additions and further small decrease indicates 

formation of 2:1 complex between receptor 2 and Zn2+ and its 

subsequent dissociation. The further enhancement up to 1 25 

equivalent addition (200 µl) indicates 1:1 stoichiometry of 3. The 

ongoing addition up to 2 equivalents indicates that the 

fluorescence intensity is barely changed, showing the stability of 

the 1:1 complex formed (Figure S7b-c). 

 Also the spectrofluorometric response of receptor 2 towards 30 

various metal ions was recorded and depicted in Figure S8 which 

shows that receptor 2 shows distinct fluorescence enhancement 

towards the Zn2+ ions compared to other metal ions. To study the 

influence of other surveyed metal ions on Zn2+ ion binding with 

receptor 2, we performed competitive experiments by mixing 2 35 

equivalents of metal ions with 1 equivalent of Zn2+ ions (Figure 

S9). The observed fluorescence enhancement for mixtures of Zn2+ 

ion with surveyed metal ions was similar to that seen only for 3. 

Thus no other metal ion appeared to interfere with the 

fluorescence intensity of the 3. These results indicate that 40 

receptor 2 shows a significant sensitivity and selectivity towards 

Zn2+ ion over other studied competitive metal ions. 

 For practical reasons, the detection limit of receptor 2 for the 

analysis of Zn2+ ion was also an important parameter. Thus, based 

on the fluorescence titration measurement, detection limit of 45 

receptor 2 for Zn2+ ion was found to be 0.65 µM.33 The low 

detection limit might fully meet the requirements in biosensing 

and comparable with literature reports as shown in Table S1. The 

stoichiometry of 3 complexation was studied using Job’s 

continuous variation method.34 The plot between [HG] = 50 

{(∆F/F0)[H]} and Xi =[H]v/([H]v+[G]v) has maxima at Xi = 0.5 

which represents the 1:1 stoichiometry for 3 complexation which 

was also confirmed from the linear fitting of the normalized plot 

(Figure S10a-b). The stoichiometry of complexation was also 

confirmed by a Hill coefficient of 1.1446 obtained from a plot of 55 

Log [(F - F0)/(F∞  - F) vs Log[G] (Figure S10c).35  In addition, 

the formation of 1:1 complex between 2 and Zn2+ was further 

confirmed by the appearance of a peak at 369.5, assignable to 

[(2.Zn2+-H+)(H2O)0.5] in the LC-MS (Figure S11). The formation 

of such a Zn2+ complex can induce a π-π stacking interaction 60 

between two phenyl rings leading to a rather rigid structure with 

quite strong fluorescence properties, as compared to free receptor 

2.36 

 With the purpose of comprehending the metal-binding properties 

of receptor 2, the binding constant (Ka) value was calculated by 65 

Benesi-Hildebrand37, Scatchard38 and Connor’s fitting39 

methodologies and  value found from fluorescence data was  

(1.00 ± 0.1) × 106 M-1 which definitely make obvious the strong 

binding ability of 2 with Zn2+ (Figure S12a-c). The 1:1 binding 

ratio is also revealed from the linear fitting of the three 70 

methodologies. Further, to strengthen the coordination of Zn2+ 

ion complex, 1H-NMRspectra of receptor 2 were recorded in the 

presence and absence of Zn2+ ion. It is observed that, the signals 

of –OH  proton at δ 1.67-1.75 get vanished upon addition of Zn2+ 

as shown in (Figure S13).These results clearly show that the -OH 75 

protons of receptor 2 forms coordination  with Zn2+ ion. Further, 

effect of pH has been studied on receptor 2 through varying the 

pH of the solution (Figure S14). It was observed change of pH 

did not produce any significant change in the fluorescence 

intensity of receptor 2 (Figure S15).  80 
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Figure 2: Change in absorbance spectra of receptor 2 upon continuous 

addition of Zn2+ ion in CH3CN containing 1% H2O; inset repersent the 

isosbestic point of the titration. 

    The fluorescence intensity of receptor 2 was recorded at different 5 

temperature. With the increase of temperature, intensity was 

decreased and maximum intensity was observed at 25°C as 

shown in Figure S16. Further, response time has been calculated 

to optimize the complexation time and has response time of 41 

sec (Figure S16). 10 

The absorption spectrum of receptor 2 upon addition of Zn2+ ion 

is shown in Figure 1b. Receptor 2 exhibits peak maxima at 278 

nm in CH3CN. The addition of Zn2+ ion into receptor 2, there had 

no change in receptor 2. This is fact that the UV-Vis spectra of 

receptor 2 before and after the addition of 0.5 equivalent of Zn2+ 15 

showed moderate change, illustrated that it bounds with Zn2+ ion. 

Further, the titration was performed between Zn2+ and receptor 2 

on UV-Visible spectrophotometer as shown in Figure 2. We also 

tried to grow the single crystal of Zn2+ complex of receptor 2. 

Unfortunately, we did not get crystals which are suitable for 20 

diffraction study. Therefore, to comprehend the electronic 

environment and changes in structure of receptor 2 upon 

complexation with Zn2+, a DFT calculation was performed using 

B3LYP/LANL2DZ basis set.40-42  The optimized structure of 

receptor 2 has more or less similar geometry (Figure 3a). The 25 

two husks of receptor 2 having –OH groups are in opposite 

direction. Three electronegative atoms (O22, N26 and N25) 

arrange in particular way for encapsulation of analyte as shown in 

Figure 3a. On complexation with Zn2+ ion, the two –OH groups 

which are in opposite directions come against to each other 30 

(Figure 3b). It is noticed that a tetrahedral environment is 

constructed by oxygen and nitrogen atoms of –OH and –NH- 

groups for accommodation of Zn2+. For more clarification and 

better understanding, a comparison of geometrical parameters 

like bond length, bond angle and dihedral angle is made between 35 

2 and 3 (Table S2). On carefully examine this table; it is 

observed that there is huge change in geometry of receptor 2 on 

complexation with Zn2+.  A drastic change is observed in dihedral 

angles of C5-C4-C23-N25, C3-C4-C23-N25 and O22-C12-C11-

C24 as shown in Table S2. It represents that atoms converge 40 

towards each other to form a pseudo cavity for Zn2+ ion. Further, 

all bond like N25-C29, C30-N26, C24-N26, C23-N25, C12-O22, 

C3-O21 showed increase in bond length upon addition of Zn2+ 

ion (Table S2). Similar, changes are observed in bond angles 

(Table S2). 45 

  
Figure 3. The DFT optimized structure of: (a) Receptor 2 and (b) 2.Zn2+ 

calculated at the B3LYP/LANL2DZ level. The red, blue, gray, and purple 

spheres refer to O, N, C, Zn2+ atoms respectively. 

To test these probabilities and to determine the amount of 50 

colocalizaton of the two fluorophores, we incubated HeLa cells 

with 2µM receptor 2. Subsequent imaging with a dual-filter 

fluorescence microscope afforded the images shown in Figure 4. 

There was no fluorescence image observed when the cells were 

treated with receptor 2 alone, using UV and green excitation 55 

filter.  There was faint cellular fluorescence observed when the 

cells were imaged under UV excitation filter in the presence of 

the receptor 2 and Zn2+ (Figure 4D). 

 

 60 

Figure 4 Imaging of HeLa cells treated with receptor 2 and Zn2+ (A) 

Phase contrast image of HeLa cells. (B) Fluorescence   image of HeLa 

cells treated with receptor 2 (2 µM) (20X) and taken by UV excitation 

filter.  (C) Fluorescence   image of HeLa cells treated with receptor 2 (2 

µM) (20X) and taken by green excitation filter. (D) Fluorescence photo-65 

micrograph of HeLa cells incubated with receptor 2 (2µM) and Zn2+ 

(25µM) (20X) taken by UV excitation filter. (E)  Fluorescence photo-

micrograph of HeLa cells incubated with receptor 2 (2µM) and Zn2+ 

(25µM) (20X) taken by green excitation filter. (F) Phase contrast image of 

the cells treated with receptor 2 and Zn2+.   70 

 On the contrary, bright cellular image was observed when 

imaged under green excitation filter in the presence of the both 

receptor 2 and Zn2+ (Figure 4E). Qualitative assessment of the 

images specifies good intracellular overlap of the two 

fluorophores, an essential condition for the effectiveness of this 75 

sensing policy. 

 From the experimentation it is concluded that, a simple new 

fluorescence receptor 2 was prepared successfully with good 

yield. The receptor 2 has a high sensitivity and selectivity for 

Zn2+ ion. Receptor 2 shows a 8 -fold fluorescence enhancement in 80 

the presence of 1 equivalent Zn2+ ion, and is not significantly 

affected by the presence of common physiologically and 

environmentally important earth- and transition metal ions. The 

high binding affinity of the synthesized key receptor and its 

changing stoichiometry towards the sensing of Zn2+ ion with its 85 
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increasing concentration is quite worth to mention here. Confocal 

microscopy experiments show that receptor 2 can be used for 

noticing changes in Zn2+ levels within living HeLa cells. Future 

arrangements will hub on improving the optical brightness and 

binding sympathy of this third-generation sensor as well as 5 

applying receptor 2 and related chemical instruments to sensor 

the cell biology of zinc. 
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