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Abstract 

We have developed a novel isonicotiamide-based fluorescent “turn-on” Chemosensor 

1 for the selective detection of Zn2+ and HSO4
−. The sensor 1 can detects Zn2+ and HSO4

− 

with the detection limit down to nanomolar level by forming a complex in 1:1 stoichiometry 

in the presence of other anions and 2:1 in presence of cations in aqueous solution. Density 

functional theory calculations on 1 and the 1-Zn2+/HSO4
− complexes are consistent with the 

experimental results. We have successfully utilized the above cation and anion for the 

fabrication of INHIBIT molecular logic gates. Furthermore the receptor 1 was successfully 

detect the Zn2+ and HSO4
− ions in HeLa cells cultured in Zn2+ and HSO4

−  enriched medium. 

*Corresponding authors: E-mail: kuwaras@gmail.com, kundantayade@gmail.com 
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1. Introduction 

The design of synthetic chemosensors for the discovery and selective sensing of 

cations and anions has gained immense interest from the last few decades because of their 

significant tasks and prospective functions in the field of material, environmental and 

biological sciences [1-5]. Among the various transition metal ions, numerous scientific 

endeavours have been focused for the development of novel chemo-sensing systems for the 

zinc ion due to its biological significance [6-9]. After iron, zinc is the second most abundant 

transition metal ion in the human body and known to play vital functions in many biological 

functions including brain movement, gene transcription and neural signal transmitters or 

modulators. As zinc acts as a structural cofactor in many enzymatic processes, the deficiency 

of zinc causes unbalanced metabolism and progression of many disorders such as 

Alzheimer's disease, epilepsy, Parkinson's disease, ischemic stroke and infantile diarrhoea. 

Similarly, the anion HSO4
− has a number of biological functions and known to produce toxic 

sulfate (SO4
2−) ions at alkaline high pH, causing diseases relating to skin, eyes and respiratory 

system [10-12]. Therefore, the sensing of Zn2+ and HSO4
− has drawn growing curiosity in the 

chemical and biological sciences. However, it is very challenging to develop suitable chemo-

sensing systems for the selective detection of Zn2+ and HSO4
−. Zinc (II) is spectroscopically 

and magnetically silent due to the fully field (3d10 4s0) electronic configuration. Additionally, 

the sensing of Zn2+ is interfered in the presence of Cd2+ because of the similar coordinating 

properties and spectral changes, as both are placed in the same group of the periodic table. 

Similarly, anion recognition is challenging due to their large size (lower charge to radius 

ratio), different basicity, highly sensitive to pH and different geometries such as spherical, 

linear, trigonal, tetrahedral and octahedral. 

In the middle of the variety of chemo-sensing systems expanded up to now for the 

detection of cations and anions, the fluorogenic sensor has attracted a great deal of choice due 
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to the simplicity, sky-scraping sensitivity and selectivity [13-15]. To the best of our 

knowledge, the isonicotiamide based sensors reported so far are based on fluorescence 

quenching process for a specific cation or anion. The isonicotiamide based sensors that are 

capable for detecting multiple cations and anions by fluorescence enhancement process are 

very rare. Here, the functioning of sensor 1 for recognizing Zn2+ and HSO4
− is based on the 

appended isonicotiamide functionalities that act as a binding as well as a fluorescent ‘turn-on’ 

sensing unit by inhibiting the C=N isomerisation at the excited state. The recognition process 

has been recommended to involve the coordination and hydrogen bonding interactions of the 

Zn2+ and HSO4
− ions with the Chemosensor 1.  

Scheme 1.  

2. Experimental 

2.1. Materials and methods 

All reagents and chemicals were purchased from Aldrich Chemicals Ltd and were 

used without further purification. The solvents were distilled before used. All reactions were 

magnetically stirred and monitored by thin-layer chromatography (TLC). 1H and 13C NMR 

spectra were obtained on a Bruker AVANCE DMX400 spectrometer in DMSO-d6 as solvent. 

Fluorescence measurements were made with a HORIBA JOBIN YVON, Fluoromax-4 

Spectrofluorometer equipped with a xenon lamp. UV–Vis absorption spectra were recorded 

on a Shimadzu UV-2450 spectrophotometer.  

2.2. Synthesis of Chemosensor 1 

The solution of 3.5 mg isonicotinohydrazide (1 mmol) in ethanol (25 mL) was added 

to a solution of 3 mg of 2-amino pyridine-3-carbaldehyde (1 mmol) in ethanol (25 mL) at 

room temperature. Then, the reaction mixture was stirred and refluxed for 6 hrs. The reaction 

mixture was cooled and the precipitate was filtered followed by washed with cold ethanol and 

dried under vacuum (yield: 85 %). 1H NMR (400 MHz, DMSO-d6): δ = 4.12 (s, 2H, NH2), 
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6.79(t, 1H, 9 Hz Py-H), 7.10 (s, 1H, NH), 7.67 (s, 1H, CH=N), 8.09 (d, 8 Hz, 2H, Py-H), 8.15 

(d, 1H, 8 Hz Py-H), 8.50 (d, 1H,8 Hz, Py-H),  9.12 (d, 2H, 8 Hz Py-H) ppm. 13C NMR (100 

MHz, DMSO-d6,): δ = 111.6, 113.5, 123.0, 139.1, 141.2, 143.1, 150.3, 151.3, 165.1 ppm.  

2.3. X-ray crystal structure determination 

Diffraction quality crystal of the Chemosensor 1 was obtained by slow evaporation of 

a reaction mixture solution. X-ray diffraction data for the crystals mounted on a glass fibre 

and coated with perfluoropolyether oil were collected on a Bruker-AXS SMART APEX II 

diffractometer at room temperature equipped with CCD detector using graphite-

monochromatic Mo-Ka radiation (l = 0.71073 A˚ ). The data were processed with SAINT and 

absorption corrections were made with SADABS. The structure was solved by direct and 

Fourier methods and refined by full-matrix least-square based on F2 using the WINGX 

software which utilizes SHELX-97 [16]. For structure solution and refinement the SHELXTL 

software package was used. The non-hydrogen atoms were refined anisotropically, while the 

hydrogen atoms were placed with fixed thermal parameters at idealized positions.  

 2.4. UV–Visible and fluorescence spectral measurements 

For UV–Vis and fluorescence spectroscopy, the metal ions Na+, K+, Ca2+, Mg2+, Al3+, 

Fe2+,  Fe3+, Co2+, Ni2+, Cu2+, Zn2+ (100 µM) were added as their nitrates , Sr2+, Cr3+, Mn2+ 

were added as their chlorides, Ba2+, Cs+, Bi3+,Cd2+, Hg2+, Pb2+, Th4+, Ag+ were added as their 

nitrates, Zr4+ was added as its oxychloride while U6+ was added as its sulphate. The tetrabutyl 

ammonium salts of anions such as F-, I−, Cl−, CN−, NO3
−, Br−, and HSO4

− (100 µM) were 

used, along with sodium salts of various oxyanions of sulphur (SO3
-, HSO3

- and S2O5
-). The 

solutions of cations and anions were prepared in 50 % aqueous CH3CN containing (c = 100 

µM) for analysis with Chemosensor 1. The solution of Chemosensor 1 was freshly prepared 

in 50 % aqueous CH3CN (c = 10 µM). The excitation was carried out at 300 nm for 
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Chemosensor 1 with 3 nm emission slit widths in fluorimeter. For absorbance and 

fluorescence measurements 1 cm width and 3.5 cm height quartz cells were used. 

The binding stoichiometry of 1 with Zn2+ and HSO4
− were determined by using a 

Job’s plot. For the Job’s plot analyses, a series of solutions with varying mole fractions of the 

cations and anions were prepared by maintaining the total concentration of 1 and Zn2+ and 

HSO4
− constant. The fluorescence emission was measured for each sample by exciting it at 

300 nm and the spectra were measured from 320 to 620 nm. The maximum fluorescence 

intensity at 470 nm and 425 nm for each solution was plotted against the mole fraction of the 

Zn2+ and HSO4
− ion respectively. 

2.5 In vitro cell imaging  

HeLa cells were procured from National Centre for Cell Sciences, Pune, India  and 

grown in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% Fetal 

Bovine Serum (FBS), 1% L-glutamine-penicillin streptomycin. The cells were maintained at 

37°C in a humidified atmosphere of 5% CO2. Cells after reaching 80-90% confluence were 

trypsinized and seeded on glass coverslips placed in 12-well plate and allowed to adhere for 

overnight. At the time of experiment, complete media was replaced with serum free medium. 

The cells were incubated with receptor 1 (0.9µM) for 2 hours. After 2 hours of incubation 

with receptor 1, the cells were then incubated with Zn2+ (2.5, 5.0, 10.0 and 25µM) and HSO4
- 

(25µM) for further 1 hour. The cells were washed twice with Phosphate Buffer Saline (1X 

PBS) and then fixed with 100% methanol for 5 minutes and further  washed with 1X PBS for 

10 minutes. The cover slip was then mounted on a glass slide using glycerol and observed 

under fluorescence microscope (Leica DMI 6000B) using 20X objective under UV filter. The 

fluorescence images of cells were captured through an attached CCD camera using LAS 

software. 

3. Results and discussion 
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3.1. Synthesis and characterization  

 A mixture of 2-aminopyridine-3-carbaldehyde and isonicotinohydrazide  in 1:1 molar 

ratio was subjected to undergo condensation under refluxed condition in ethanol to get the 

required Chemosensor 1, (E)-N’-((2-hydroxypyridine-3-yl)methylene)isonicotinohydrazide 

(Scheme 1). The Chemosensor 1 was characterized by elemental (C, H, and N) analyses and 

various spectroscopic (1H-NMR and 13C-NMR, Fig. S1-S2, SI) measurements. Finally, the 

molecular structure of the Chemosensor 1 was determined by single crystal XRD. An ORTEP 

diagram of Chemosensor 1 is depicted in Fig. 1, and the details of the crystallographic data 

are summarized in Table S1 (SI). Also, the supplementary crystallographic data for this 

chemosensor was submitted in the Cambridge Crystallographic Data Centre with CCDC 

number 982805, and can be obtained free of charge via 

www.ccdc.cam.ac.uk/data_request/cif.  

 Chemosensor 1 was crystallized in a tetragonal system with space group I 4(1)/a. 

Some selected bond lengths and bond angles are given in Table S2 (SI). The crystal structure 

of Chemosensor 1 exposes that the three donor atoms N (1), N (2) and O (1) are pre-

organised in a meridional plan for the encapsulation of metal ion (Fig. 1). There is extremely 

small divergence from planarity in this molecule, an outcome of conjugation between the two 

aromatic ring systems via the hydrazone connection. The structure of Chemosensor 1 was 

closely similar to other reported isonicotinoyl derivatives [17]. Even, if the final accepts a 

less planar conformation with isonicotinoyl ring being twisted by 122.2(1) Å about the 

connecting N (1)-C (1)-C (5) bond. In the present structure, the corresponding twist angle is 

C(6)-N(3)-N(4) is 115.5(1) Å. Intermolecular stacking of electron deficient isonicotinoyl and 

electron rich 2-aminopyridine-3-carbaldehyde ring at a distance around of a N(3)-C(6)  is 

1.279(2) Å is present the structure. 
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Fig. 1. 

3.2. UV-Vis absorbance study  

The absorption spectral properties of Chemosensor 1 were studied in 50 % aqueous 

CH3CN upon addition of various metal ions such as K+, Ca2+, Cs+, Mg2+, Al3+, Ba2+, Fe2+, 

Fe3+, Co2+, Ni2+, Cu2+, Zn2+, Hg2+, Bi3+, Pb2+, Cd2+, Th4+, Sr2+, Cr3+, Mn2+ and Ag+. Free 

Chemosensor 1 showed three absorption bands at 256 nm, 286 nm and 358 nm. Upon 

addition of Zn2+, colour of the solution changed from colourless to yellow and discernible 

changes are observed in the absorption counter of Chemosensor 1. In the presence of other 

metal ions (K+, Ca2+, Cs+, Mg2+, Al3+, Ba2+ , Fe2+, Fe3+, Co2+, Ni2+, Cu2+, Hg2+, Bi3+, Pb2+, 

Cd2+, Th4+, Sr2+, Cr3+, Mn2+ and Ag+-), Chemosensor 1 showed either no or moderate change 

in the absorption intensity relative to the free Chemosensor 1 except with Zn2+. Also, there 

were no colour changes attributed to the solution of Chemosensor 1 in the presence of these 

metal ions. These results suggested a perturbation in the intramolecular charge transfer (ICT) 

character of the synthesized probe due to the recognition of the Zn2+ through imine-N, amide 

carbonyl and amine groups. This enhances the push-pull character of the ICT state, and 

consequently a red-shift is observed upon deprotonation and charge transfer between the 

Chemosensor 1 and Zn2+. Further, upon incremental addition of Zn2+ (0–2 equiv.) to a 

solution of Chemosensor 1, the absorption peak due to the pyridine moiety decreases while a 

new peak gradually moving to longer wavelength finally reaching a maximum value at 397 

nm is observed with the formation of three isosbestic points at 297 nm, 333 nm and 377 nm 

which indicating the formation of a well-defined 1-Zn2+ scaffold (Fig. 2). Under similar 

conditions, the Chemosensor 1 showed no significant UV-Vis spectral changes in the 

presence of various anions which inferred that the anions are failed to alter the electronic 

environment of the chemosensor due to the weak interaction at the ground state [6]. 

Fig. 2. 
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The structural optimization of the receptor 1 and its 1-Zn2+/HSO4
− complexes along 

with the charge transfer process during the encapsulation of analytes (Zn2+ and HSO4
-) by 

receptor 1 was investigated by density functional theory (DFT) calculations by applying the 

B3LYP functional, and the basis sets 6-31G** (for C, H, N and O atoms) and LANL2DZ (for 

Zn atom). All calculations were done by using the computational code Gaussian 09W [22]. 

The optimized structure of receptor 1 was shown in Fig. 3 and the calculated structural 

parameters were compared with the X-ray data (Table S2). The optimized structure of 1 was 

superimposed with the X-ray structure which resulted in an acceptable root-mean-square 

error (RMSE) of 0.243 Å. On complexation of 1 with Zn2+ (2:1 ratio) and HSO4
− (1:1 ratio), 

the interaction energy (Eint = Ecomplex-Ereceptor-EZn
2+

/HSO4
-) was lowered respectively by -340.70 

kcal/mol and -31.66 kcal/mol which clearly delineated the formation of stable complexes 

(Fig. 3). As shown in Fig. 3, the receptor 1 preferred to encapsulate Zn2+ in a distorted 

octahedral shape through the amine-N, imine-N and carbonyl-O atoms whereas the HSO4
− 

was recognized by multiple intermolecular hydrogen bonds.  

Further analysis of frontier molecular orbitals (FMOs) plots of 1 and its 1-Zn2+/HSO4
− 

complexes (Fig. 4) indicate that the highest occupied molecular orbital (HOMO) and lowest 

unoccupied molecular orbital (LUMO) of 1 was resembled with the 1-HSO4
− complex and 

also the band gap was similar. However, an intramolecular charge transfer (ICT) was 

observed in the 1-Zn2+ complex between the receptor and Zn2+, which resulted in the 

lowering of band gap in compared to free receptor. Further, the spectral properties were 

evaluated by TDB3LYP/6-31G** which gave the important absorption for 1, 1-Zn2+ and 1-

HSO4
− at 378 nm (f = 0.2917), 468 nm (f = 0.004) and 376 nm (f = 0.3818), respectively. The 

above results accord well with the experimentally determined selectivity of 1 by absorption 

spectroscopy towards Zn2+ and HSO4
−. 
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Fig. 3. 

Fig. 4. 

3.3. Fluorescence study  

 In fluorescence study, Chemosensor 1 in 50 % aqueous CH3CN was investigated for 

the recognition towards metal ions (K+, Na+, Mg2+, Al3+, Cs+, Ba2+, Ca2+, Sr2+, Cr3+, Mn2+, 

Fe2+, Fe3+, Co2+, Ni2+, Cu2+, Zn2+, Cd2+, Bi3+, Hg2+, Pb2+, Ag+ in H2O) and TBA salts of F−, 

Cl−, Br−, I−, AcO−, NO2
−, NO3

−, CN−, H2PO4
−, HSO4

− and various oxyanions of sulphur (SO3
-

, HSO3
- and S2O5

-). As shown in Fig. 5a and 5b, the weakly fluorescent Chemosensor 1 

showed highly selective enhancement in the emission wavelength at 470 nm and 425 nm for 

Zn2+ and HSO4
− ion respectively upon excitation at 300 nm. The fluorescence ratio displayed 

in Fig. S3a and b (SI) clearly delineated that after addition of Zn2+ and HSO4
− to the solution 

of Chemosensor 1, the fluorescence intensity was enhanced selectively. There were no 

changes in the fluorescence emission of Chemosensor 1 in the presence of other cations and 

anions tested. The fluorescence of Chemosensor 1 is enhanced upon addition of Zn2+ and 

HSO4
− ions can be attributed to the inhibition of the C=N isomerisation at the excited state 

[18-19].  

Fig. 5. 

 The fluorescence titrations of Chemosensor 1 were carried out by gradual addition of 

various concentrations (0–2 equiv.) of Zn2+ (Fig. 6a) and HSO4
− (Fig. 6b). Addition of both 

the analytes caused a remarkable enhancement in the fluorescence of the chemosensor. In the 

presence of Zn2+, a gradual increase up to 51-fold of the fluorescence was observed at 470 

nm upon addition of 2000 µL of Zn2+ solution. However, upon addition of HSO4
− to 

Chemosensor 1 solution, the maximum enhancement of 17-folds was observed at 425 nm due 

to gradual addition up to 2000 µL. From fluorescence titration data, the detection limit of 
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Chemosensor 1 as a fluorescent sensor for the analysis of Zn2+ and HSO4
− were found to be 

3.81 nM and 0.95 nM, which is superior than the recently reported Zn2+ and HSO4
− sensors 

(Table S3)[23-38], having a dynamic range of 0-200 nM for Zn2+ and  0-150 nM for HSO4
− 

ions.  

Fig. 6. 

The method of continuous variation (Job’s plot) was used to determine the 2:1 

stoichiometry in case 1.Zn2+ while in case of   1.HSO4
− shows the 1:1 stoichiometry (Fig. S4 

and S5, SI) [20]. The association constant Ka of 1 for Zn2+ and HSO4
− coordination were 

calculated for 2:1 stoichiometry (host:guest) on the basis of Benesi-Hildebrand methodology 

and were found to be 2.46 × 105 M-1 and 5.00 × 104 M-1  respectively (Fig. S6-S7, SI) [21]. To 

further elucidate the binding interaction of Chemosensor 1 with HSO4
−, 1H-NMR titration 

experiments were carried out in DMSO-d6 (Fig. S8). Upon addition of 4 equiv. of the HSO4
− 

to the Chemosensor 1, the proton signals of –NH2 and –NH at 8.77 ppm and 12.14 ppm were 

disappeared completely. The shift followed by disappearance of the –NH2 and –NH protons 

of 1 on interaction with HSO4
− supports the deprotonation process. Also, the aromatic 

protons were shifted to upfield, which suggests that the negative charges developed from 

deprotonation of 1 by HSO4
− are delocalized through the whole chemosensor molecule. The 

broadening of the signals on addition of HSO4
− ions, also justifies the interaction of HSO4

− 

ions with receptor 1. 

3.4. Analytical applications 

To check the practical applicability of Chemosensor 1, the competitive experiments 

were performed. One important criteria for a chemosensor is to give a specific response for 

the selective detection of target analytes (i.e., Zn2+ and HSO4
−) over a wide range of 

potentially competing cations and anions, and to avoid the cross sensitivity. The competition 

experiments were conducted by recording the fluorescence spectra of 1 in the presence of 1.0 
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equiv. of Zn2+ and HSO4
− mixed with 1 equiv. of other cations and anions mentioned above, 

respectively. No significant variation in the fluorescence was found by comparison with the 

same amounts of Zn2+ and HSO4
−   solution in the presence and absence of other cations and 

anions, and the relative error was less than ±5% (Fig. 7a and 7b). These results point out that 

the recognition of Zn2+ and HSO4
− by Chemosensor 1 is not notably interfered by other 

simultaneous cations and anions. Therefore, the Chemosensor 1 exhibits a high selectivity 

and specificity toward Zn2+ and HSO4
−, and opens a new door for the analytical application 

of 1 in real sample analysis. 

Fig. 7: A and B 

In another attempt, encouraged by the fascinating “off-on” emission profile of 1 in the 

presence of Zn2+ and HSO4
− at 415 nm and 470 nm (Fig. 8), two chemical inputs Boolean 

type logic gates with INHIBIT and OR logic functions was explained at the molecular level. 

With respect to inputs, the presence and absence of the two chemical inputs Zn2+ and HSO4
− 

was defined as ‘1’ and ‘0’ states, respectively. The fluorescence intensity of receptor 1 at 415 

nm and 470 nm was taken as output for the logic gate with high and low fluorescence signal 

as ‘1’ and ‘0’, respectively. As summarized in Fig. 8, in absence of the inputs (Zn2+ and 

HSO4
−), the receptor showed a low fluorescence and the gate was in off-state. On interaction 

with HSO4
−, the receptor showed a significant fluorescence enhancement (on-state) both at 

415 nm and 470 nm. However, with the input of Zn2+, the gate was remained in switched-off 

and switched-on state at 415 nm and 470 nm, respectively. Further, when the inputs were 

added together, the receptor fluorescence at 415 nm and 470 was found to be in switched-off 

and switch-on conditions, respectively. As summarized in Fig. 8b, the above results clearly 

inferred that the fluorescence signals of receptor 1 at 415 nm and 470 nm and with the two 

chemical inputs (Zn2+ and HSO4
−), logic gates of types INHIBIT and OR can be constructed 

at the molecular level.  
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Fig. 8: A and B 

In vitro cell imaging 

To support the biological utility of the synthetic compound receptor 1, it has been 

utilized for sensing Zn2+ and HSO4
− in the culture cells. The cell when incubated with 

receptor 1 only, no fluorescence was observed from the cells. A gradual enhancement of 

fluorescent intensity was observed when increasing concentration of Zn2+ was added in the 

culture media.  However, no fluorescence was observed in the cells incubated with Zn2+ 

(25µM) only and HSO4
- (25µM) only. These results demonstrate the receptor 1 can be used 

as marker for sensing Zn2+ and HSO4
− ions in living cells (Fig. 9). 

Fig 9: 

In addition to determination of Zn2+ and HSO4
− ions in various complex matrices of 

cations and anions, it’s worth mentioning that presented sensor fulfill the condition of single 

receptor multi analyte determination without changing its media or solution. Hence, opens a 

new end for exploration of receptors for multi analyte determination without any interference 

from each other or from other potential interfering species. The present sensor was also 

compared with recently reported sensors for Zn2+ and HSO4
− ions; it is quite evident from the 

comparison (Table S3) that presented sensor show a clear advancement in terms of detection 

limit for both Zn2+ and HSO4
− ions.  

4. Conclusion 

In conclusion, we have reported for the first time a highly selective and sensitive dual 

ions ‘turn-on’ fluorescence sensor for highly selective detection of Zn2+ and HSO4
− in 50 % 

aqueous CH3CN. The proposed fluorescence sensor has lower sensing limit towards Zn2+ 

(3.81 nM) and HSO4
− (0.95 nM). This highly sensitive, selective, easy and cost-effective 

fluorometric method will provide immense attention for regular analysis of Zn2+ and HSO4
−. 

The interesting regarding our synthesis is that no quenching was observed for the addition of 

Page 12 of 24Analyst

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
st

A
cc

ep
te

d
M

an
us

cr
ip

t



13 

 

both the analytes after stoichiometric equilibrium. Furthermore, the fluorescence properties of 

1 were successfully explained by a two chemical inputs (Zn2+ and HSO4
−) OR and INHIBIT 

types logic gate at molecular level. Confocal microscopy experiments show that receptor 1 

can be used for noticing changes in Zn2+ and HSO4
− 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 applying receptor 1 and related chemical instruments to 

sensor the cell biology of Zn2+ and HSO4
−. 
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Figure Captions 

Scheme 1. Synthesis of Chemosensor 1. 

Fig. 1. ORTEP drawing of the Chemosensor 1. Displacement ellipsoids are drawn at the 50% 

probability level. 

 Fig. 2. UV-Vis absorption spectra of 1 with increasing concentrations of Zn2+ (0-1 equiv.) 

ion in 50 % aqueous CH3CN. 

Fig. 3. DFT computed optimized structure of the receptor 1 and its 1-Zn2+/HSO4
− complexes 

in the gas phase. 

Fig. 4. DFT computed HOMO and LUMO diagrams of receptor 1 and its 1-Zn2+/HSO4
− 

complexes in the gas phase. 

Fig. 5. Selectivity plot of Chemosensor 1 (10 µM) with various (A) cations and (B) anions in 

50 % aqueous CH3CN. 

Fig. 6. Titration profile of 1 (10 µM) in 50 % aqueous CH3CN upon addition of increasing 

amounts of (A) Zn2+ and (B) HSO4
− ions. 

Fig. 7. Competitive fluorescence responses of 1 in the presence of various (A) cations and 

(B) anions. 

Fig. 8. (A) Molecular logic gate behaviour of 1 with the chemical inputs of Zn2+ and HSO4
− 

by considering the emission changes at 415 nm and 470 nm, and (B) logic scheme and truth 

table. 

Fig 9: The images were taken in an inverted fluorescence microscope (Leica DMI6000B) 

under 20X objective. A) Phase contrast image of the control cells; B) Fluorescence image of 

the control cells under UV filter; C) Fluorescence image of the cells treated with receptor 1 

only. D)Fluorescence image of the cells treated with receptor 1 for 2hours and HSO4
- (25µM) 

for 1 hour, E) Phase contrast image of the cells treated with Zn2+ (25µM) only. F) 

Fluorescence image of the cells treated with receptor 1 for 2hours and Zn2+ (2.5µM) for 1 

hour. G) Fluorescence image of the cells treated with receptor 1 for 2hours and Zn2+ (5µM) 

for 1 hour. H) Fluorescence image of the cells treated with receptor 1 for 2hours and Zn2+ 

(10µM) for 1 hour. I) Fluorescence image of the cells treated with receptor 1 for 2hours and 

Zn2+ (25µM) for 1 hour. J) Fluorescence image of the cells treated with Zn2+ (25µM) only.  
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Fig. 3. 
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Fig. 4. 
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Fig. 5: A and B 
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Fig. 6: A and B 
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Fig. 7: A and B 

 

 

Fig. 8: A and B 
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Fig: 9 
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