
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

Dalton
 Transactions

www.rsc.org/dalton

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


A highly selective fluorescent ‘turn-on’ chemosensor for Zn
2+
 based on a benzothiozole 

conjugate, their applicable in live cell imaging and resultant complex as secondary 

sensor of CN
-
 

Nilesh Khairnara, Kundan Tayadea,  Suban K. Sahoob, Banashree Bondhopadhyayd, Anupam 

Basud, Jasminder Singhc, Narinder Singhc,  Vikas Gitea,  Anil Kuwar*a 

aSchool of Chemical Sciences, North Maharashtra University, Jalgaon- 425001 (MS) India. 

bDepartment of Applied Chemistry, SV National Institute Technology, Surat-395007 

(Gujarat) India. 

cDepartment of  Chemistry, Indian Institute Technology, Ropar-140001 (Panjab) India. 

dMolecular Biology and Human Genetics Laboratory,  Department of Zoology, The 

University of Burdwan, Burdwan, West Bengal, India. 

 

Abstract 

Benzothiozole derivative linked “off-on” multi-responsive and selective chemosensor 

3 has been synthesized and evaluated for cation recognition properties. The receptor 3 shows 

a high sensitivity and selectivity for Zn2+ through a turn-on fluorescence response over the 

other tested cations with the detection limit down to 0.40 µM. The receptor 3 was 

successfully applied for the detection of Zn2+ in live HeLa cells. Then, the Zn2+ complex of 

the receptor 3 was also used for cyanide detection and recognition. 
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Introduction 

There is bourgeoning needs of the development of cost effective analytical techniques 

for the selective detection of bioactive analytes such as cations and anions due to their active 

roles in diversified biological and environmental processes.1-3 Accordingly, materials 

constructive for chemosensing of cations and anions based on optical responses (UV-Vis and 

fluorescence) are extensively investigated. The pitch of fluorescence sensing due to its high 

sensitivity and selectivity, simplicity and reliability are self-assurance to contribute in solving 

the long-standing problem of cations and anions sensing. However, the development of 

chemosensors for the detection of cations and anions from pure aqueous medium are still 

known to be a complex assignment. In addition, the selective recognition of a target anion is 

tedious task because of the lower charge to radius ratio, highly solvated, pH sensitive and 

they come in wide range of different geometries.4-7  

Zinc, the second most abundant transition metal after iron in mammals known to play 

an important role in various physiological processes such as catalytic cofactor for a variety of 

metalloenzymes, stabilization of protein structure, neurotransmission, signal transduction, 

cellular apoptosis and modulation of interactions between macromolecules.8-10 However, 

excessive Zn2+ ion will cause imbalance in cellular processes, resulting in neurodegenerative 

diseases such as Menkes and Wilson diseases, Alzheimer’s disease, Parkinson’s disease, 

prostate cancer and diabetes.11-13  In modern years, the design and development of fluorescent 

sensors for Zn2+ has become an extremely vigorous district in the field of supramolecular 

chemistry. However, the spectroscopically silent nature of Zn2+ (3d10) and the interfering 

effect of Cd2+ (due to the similar coordination behaviour of Zn2+ and Cd2+) make the research 

very challenging to develop highly selective sensing system for Zn2+. Herein, we have 

developed a new fluorescent chemosensing system 3 for the selective detection of Zn2+ in 

DMSO/H2O (90:10, v/v). Further, the complex 3.Zn2+ was utilized for the selective 
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recognition of cyanide ions by dual-modes optical (chromogenic and fluorogenic) responses 

in DMSO/H2O (90:10, v/v). 

Experimental 

All chemical and reagents were obtained from commercial suppliers and used without 

further purification. Solvents used were purified and dried by standard methods. 1H NMR  

were measured on a Bruker ARX 400 spectrometer and the chemical shifts were reported in 

ppm by using TMS as an internal standard. Fluorescence spectra were recorded with a Horiba 

fluorescence spectrofluorometer at room temperature. Absorption spectra were carried out on 

a Perkin Elmer spectrophotometer.  

Synthesis of receptor 3 

The solution of 2,4-diisocyanato-1-methylbenzene (0.17 gm, 1 mmol) in acetone (25 

mL) was mixed with the solution of benzo[d]thiazol-2-amine (0.30 gm, 2 mmol) in acetone 

(25 mL) at room temperature. The reaction mixture was stirred and refluxed for 4 hrs. Then, 

the mixture was cooled and the white colored precipitate was filtered followed by washed 

with cold ethanol and dried under vacuum. Yield: 82 %; FTIR (Nujol mull, cm-1): 3342, 

3051, 2924, 2854, 1637, 1574, 1463, 1377, 1343, 1245,1136, 778,722, 678, 559; 1H-NMR 

(400 MHz, δ, ppm, DMSO-d6): 2.36 (s, 3H, -CH3), 6.1 (s, 4H, NH), 7.04 (d, 1H, Ar-H), 7.28 

(s, 1H, Ar-H), 7.56-8.14 (m, 8H, Ar-H), 7.95 (s, 1H, Ar-H); 13C-NMR (100 MHz, δ, ppm, 

DMSO-d6): 111.30, 113.92, 121.31, 122.03, 122.74, 122.86, 125.80, 130.49, 131.32, 136.54, 

136.69, 159.43. LC-MS (M+1): Calculated 475.10 found 475.20. 

Fluorescence spectral measurements 

The metal ions Na+, K+, Ca2+, Mg2+, Al3+, Ba2+, Cs+, Fe2+, Fe3+, Co2+, Ni2+, Cu2+, 

Zn2+, Hg2+, Pb2+, Cd2+, Cr3+
, Zr4+ and were added as their nitrate salts where as Sr2+ and Mn2+ 

were added as their chloride salts for the fluorescence spectroscopic experiments. Stock 

solutions of metal ions (1 × 10-3 M) and the receptor 3 (1 × 10-4 M) were prepared in 
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DMSO/H2O (90:10, v/v). These stock solutions were used for different spectroscopic 

experiments after appropriate dilution. For the absorbance and fluorescence measurements 1 

cm width and 3.5 cm height quartz cells were used. The excitation was carried out at 300 nm 

for receptor 3 with 5 nm emission slit widths in fluorometer. 

Cellular imaging study 

HeLa cells were procured from NCCS, Pune 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 provided with 5% CO2. Cells after reaching 60-70% confluence, were trypsinized 

and seeded on 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 the receptor 3 (1.39 µM) for 2 hours. After 2 hours of incubation with 3, the 

cells were then incubated with ZnSO4 (2.5 µM) for further 1 hour. Then, the cells were 

washed twice with Phosphate Buffer Saline (1X PBS) followed by fixed with 100% methanol 

for 5 minutes and again washed with 1X PBS for 10 minutes. The cover slip was then 

mounted on a glass slide using glycerol and then the images were taken 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. 

Results and Discussion 

Chemosensing of Zn
2+
 

The synthesis of receptor 3 was shown in Scheme 1. Receptor 1 was obtained by 

refluxing 2,4-diisocyanato-1-methylbenzene with benzo[d]thiazol-2-amine in acetone. The 

receptor  3  was obtained with quantitative yield and characterized by several techniques such 

as IR, 1H/13C-NMR, and mass spectra (Figure S5-S8, Supporting information). The spectral 
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investigation gave consistent data for the molecular structure of 3. Then, the cations sensing 

ability of 3 was investigated by fluorescence spectroscopy in DMSO/H2O (90:10, v/v). 

Scheme 1. Synthesis of receptor 3. 

The emission spectrum of 3 was obtained in the range 300–600 nm, on excitation at 

323 nm. The maximum intensity of fluorescence was observed at 360 nm. This fluorescent 

receptor 3 using benzothioazole derivative was investigated for the highly selective and 

sensitive recognition towards Zn2+ over to the assessor metal ions such as Na+, K+, Mg2+, 

Al3+, Cs+, Ba2+,Ca2+, Sr2+, Cr3+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+, Cu2+, Zn2+, Cd2+, Hg2+, Pb2+, 

Zr4+ in aqueous media. The change of fluorescence emission spectra of 3 after the addition of 

different cations is shown in Figure 1. Upon addition of Zn2+ to the solution of 3, the weak 

fluorescence of 3 was selectively and remarkably enhanced with a red shift from 360 nm to 

385 nm (∆λ = 25 nm). In favour of the discriminating enhancement with red shifting of 

wavelength upon addition of Zn2+ ion chelation with receptor 3, photoinduced electron 

transfer (PET) from nitrogen of benzothiazole to the phenyl fluorophore of receptor 3 may be 

responsible for the preliminary feeble fluorescence of receptor 3.21 This enhancement of 

fluorescence intensity was attributed to the formation of a strong complex between 3 and 

Zn2+ which inhibited the conformational isomerization of 3 at the excited state.14-16.  Then, the 

metal ions selectivity profile of receptor 3 is shown by a bar diagram (Figure S1, Supporting 

information). The bar diagram clearly delineated that the receptor 3 acts as a selective 

fluorescent sensor for Zn2+ over all the other tested metal ions. 
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Figure 1. Fluorescence emission spectra of 3 (10 µM) in the absence and presence of 5 

equivalents of various metal ions in DMSO/H2O (9:1, v/v) solution. 

To check the practical ability of 3 as a fluorescence sensor for Zn2+, the competition 

experiments were conducted in the presence of Zn2+ mixed with other relevant metal ions, 

such as Na+, K+, Mg2+, Al3+, Cs+, Ba2+,Ca2+, Sr2+, Cr3+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+, Cu2+, 

Zn2+, Cd2+, Hg2+, Pb2+, Zr4+ When the receptor 3 was treated with 5 equivalents of Zn2+ in the 

presence of the same concentration of other metal ions (Figure 2), the coexistent metal ion 

had a small and negligible effect on the emission intensity. These results indicate the high 

specificity of receptor 3 for the selective and sensitive detection of Zn2+ in the presence of 

other interfering metal ions. 
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Figure 2. Effect of competitive metal ions on the interaction between receptor 3 and Zn2+ 

ion. 

Next, the Zn2+ concentrations dependent fluorescence measurements of 3 were carried 

out to determine the binding ability and limit of detection (Figure 3). According to linear 

Benesie Hildebrand expression, 17 the measured intensity [1/(∆F)] where ∆F=F-F0  at 385 nm 

for receptor 3 was varied as a function of 1/[Zn2+] in a linear relationship (R = 0.9938) 

(Figure S2), which indicates the formation of 1:1 stoichiometry between Zn2+ and receptor 3. 

(Binding constant is 1 × 105 M-1).  The 1:1 binding ratio between Zn2+ and receptor 3 was 

also supported by the Job’s plot18 (Figure S3). Then, the proposition is further augmented by 

the peak in the ESI-mass spectrum at m/z (M+1) 539 corresponding to 3.Zn2+ complex. 
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Figure 3. Fluorescence spectra of 3 (1 × 10−4 M) upon incremental addition of Zn2+ (1 × 10−3 

M) in DMSO: H2O (9:1, v/v). 

To determine the detection limit of this receptor for Zn2+, the receptor 3 was treated 

with different concentrations of Zn2+ and then the relative fluorescence intensity at 385 nm 

was plotted as a function of the Zn2+ concentration. Using the calibration curve (Figure S4), 

the detection limit based on the IUPAC definition (CDL= 3 Sb/m) 19 was found to be 0.40 

µM from 15 blank solutions. Further, to show the biological usefulness of the receptor 3, it 

was utilized for the sensing of Zn2+ in living HeLa cells (Figure 4). The cells showed no 

detectable fluorescence upon incubated only with Zn2+ (2.5 µM) and a very weak 

fluorescence when incubated only with 3. However, an increase in the brightness of the 

fluorescence was observed when the cells were incubated with 3 (1.39 µM) for 2 hours. Thus, 

the receptor 3 showed the potential to detect Zn2+ 
in vitro cellular system. 

0.00E+00

1.00E+06

2.00E+06

3.00E+06

4.00E+06

5.00E+06

6.00E+06

7.00E+06

323 343 363 383 403 423 443 463 483 503 523 543 563 583

In
te

n
si

ty
 (

cp
s)

Wavelength (nm)

Page 8 of 15Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



 

Figure 4. A) Phase contrast image of the control cells, B) Phase contrast image of the cells treated 

with 3 only, C) Phase contrast image of the cells treated with both 3 and Zn2+ (2.5 µM), D) Phase 

contrast image of the cells treated with Zn2+ (2.5 µM) only.  E) Fluorescence image of the control cells 

under UV filter; F) Fluorescence image of the cells treated with 3 only, G) Fluorescence image of the 

cells treated with 3 for 2 hours, H) Fluorescence image of the cells treated with Zn2+ (2.5µM) only.  

Chemosensing of CN
-
 

The zinc complex of receptor 3 was synthesized by refluxing the aqueous solution of 

zinc nitrate with a solution of 3 in ethanol. The 3.Zn2+ complex was isolated and 

characterized by ESI Mass, IR and compared through fluorescence spectroscopy. The mass 

spectrum showed m/z at 539, which correspond to [M+1]+ where M  is [3.Zn2+] (Figure S9, 

SI). The IR spectra of 3.Zn2+ complex indicates that the C=N stretching band of 3 on 

complexation with Zn2+ was shifted to a higher frequency by 10 cm-1 confirming that C=N  

linkages of receptor 3 are coordinating with Zn2+ (Figure S10, SI). Then, the effect of anions 

on the fluorescence profile of 3.Zn2+ was examined in DMSO/H2O (9:1, v/v) solvent system. 

The UV and fluorescence profile of 3.Zn2+ complex showed no considerable change in the 

presence of any of F-, C-, Br-, I-, NO3
-, H2PO4

- 
,CH3COO- and HSO4

-. However, addition of 

CN- to the 3.Zn2+ complex leads to a red shifting in UV from 277 nm to 326 nm and 
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enhancement in the fluorescence band at 340 nm. Out of the tested anions, maximum red 

shifting and enhancement were observed in case of CN- (Figure 5 and 6) presumably due to 

the intermolecular charge transfer (ICT). Also, the four NH moieties of 3.Zn2+ complex of the 

amide groups were selectively interacted with CN− by forming multiple hydrogen bonding 

interactions. Hence a significant enhancement is observed upon addition of CN− to the 3.Zn2+ 

complex [Figure S11]. The detection limit of 3.Zn2+
 complex as a fluorescent sensor for the 

analysis of CN− was concluded from a plot of fluorescence intensity as a function of the 

concentration of the added different amounts of CN−. It was found that 3.Zn2+ has a detection 

limit of 18.2 µM for CN− [Figure S12]. The association constant Ka of 3.Zn2+ for CN- was 

calculated on the basis of the Benesi-Hildebrand plot [17] [Figure S13] and it was found to 

be 3.33×103 M-1. 

 

Figure 5. UV-visible spectra of 3.Zn2+ (10 µM) upon addition of 20 µM of tetrabutyl 

ammonium salts of different anions in DMSOF/H2O (9:1, v/v) solvent system. 

0

0.1

0.2

0.3

0.4

0.5

0.6

240 260 280 300 320 340 360 380 400

A
b
so
rb
a
n
c
e

Wavelength (nm)

3.Zn2+ complex and other anions

CN-

Page 10 of 15Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



 

Figure 6.  Changes in fluorescence intensity of 3.Zn2+ (10 µM) upon addition of 20 µM of 

tetrabutylammonium salts of different anions in DMSO/H2O (9:1, v/v) solvent system. 

The structural optimization of 3 and its 3.Zn2+ complex was performed in the gas 

phase by applying the DFT method (B3LYP/6-31G**/LANL2DZ) coded in the 

computational program Gaussian 09W.20 The basis set LANL2DZ was considered only for 

Zn atom whereas 6-31G** for remaining atoms (C, H, N and S). As shown in Figure 7, the 

optimized structure of 3 was stabilized by the presence of multiple hydrogen bonds and was 

not properly preorganized to encapsulate both Zn2+ and cyanide ions. However, on interaction 

with Zn2+, the orientation of two urea groups of 3 was found suitable for to encapsulate 

anions through intermolecular hydrogen bonds. Further, the frontier molecular orbitals 

(FMOs) plots (Figure 8) of 3 and its 3.Zn2+.CN complex was analyzed which indicate the 

intramolecular charge transfer occurred in the receptor upon interaction with cyanide ions. 

Also, the band gap between the highest occupied molecular orbital (HOMO) and lowest 

unoccupied molecular orbital (LUMO) of 3 was lowered on formation of 3.Zn2+.CN 

complex. 
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Figure 7. DFT computed optimized structure of 3, 3.Zn2+
 and 3.Zn2+.CN. 

 

Figure 8. DFT computed HOMO and LUMO diagrams of (a) 3 and (b) 3.Zn2+.CN. 
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Conclusion 

In conclusion, we have developed an “off-on” type chemosensor 3 for Zn2+. The 

receptor showed a high sensitivity and selectivity for Zn2+ detection at concentrations ranging 

from 0 to 1 µM with the detection limit of 0.40 µM. The receptor 3 showed the potential to detect 

Zn2+
 in vitro cellular system. Furthermore, the changes in the fluorescence signature of the 3.Zn2+ 

complex in the presence of cyanide anion are significantly promising. Also, the cation 

dislocation approaches utilize a metal-complex for anion recognition permits proposing 

innovative receptors for sensitive anion detection in aqueous solutions. 

  

Page 13 of 15 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



References  

1. B. Valeur, I. Leray, Coord. Chem. Rev. 2000, 205, 3. 

2. P.A. Gale, Coord. Chem. Rev. 2001, 213, 79. 

3. P.D. Beer, P.A. Gale, Angew. Chem. Int. Ed. 2001, 40, 486. 

4. J. Burgess, Chem. Soc. Rev. 1996, 25, 85. 

5. T. Kawano, T. Kadono, T. Furuichi, S. Muto, F. Lapeyrie,  Biochem. Biophys. Res. 

Commun. 2003, 308, 35. 

6. N. Y. Baek, C. H. Heo, C. S. Lim, G. Masanta, B. R. Cho and H. M. Kim, Chem. 

Commun., 2012, 48, 4546. 

7.  X. Chen, J. Shi, Y. Li, F. Wang, X. Wu, Q. Guo and L. Liu, Org. Lett., 2009, 11, 4426. 

8. J. M. Berg and Y. Shi, Science, 1996, 271, 1081. 

9. (a) C. J. Frederickson and A. I. Bush, BioMetals, 2001, 14, 353. (b) G. Zhang, H.Li, S. 

Bi, L. Song, Y. Lu, L. Zhang, J. Yu and L. Wang, Analyst, 2013,138, 6163-6170. 

10. B. L. Vallee and K. H. Falchuk, Phys. Rev., 1993, 73, 79-118. 

11. A. Voegelin, S. Pfister, A. C. Scheinost, M. A. Marcus and R. Kretzschmar, Environ. 

Sci. Technol., 2005, 39, 6616. 

12. X. Xie and T. G. Smart, Nature, 1991, 349, 521-524. 

13. (a) S. Kury, B. Dreno, S. Bezieau, S. Giraudet, M. Kharfi, R. Kamoun and J.-P. Moisan, 

Nat Genet, 2002, 31, 239.; (b) A. I. Bush, W. H. Pettingell, M. D. Paradis and R. E. 

Tanzi, J. Biol.Chem., 1994, 269, 12152-12158.; (c) M. P. Cuajungco and G. J. Lees, 

Neurobiology of Disease, 1997, 4, 137; (d) J. Y. Koh, S. W. Suh, B. J. Gwag, Y. Y. He, 

C. Y. Hsu and D. W. Choi, Science, 1996, 272, 1013. 

14. K. Tayade,  S. K. Sahoo ,  R. Patil, S. Attarde, N. Singh, A. Kuwar, Spectrochim Acta 

A, 2014, 126, 312. 

Page 14 of 15Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



15. U. Fegade, H. Sharma, K. Tayade, S. Attarde, N. Singh and A. Kuwar, Org. Biomol. 

Chem., 2013, 11, 6824. 

16. U. Fegade, H. Sharma,  N. Singh, S. Attarde, A. Kuwar, Journal of Luminescence,  

2014, 149, 190. 

17. H.A. Benesi, J.H. Hildebrand, J. Am. Chem. Soc. 1949, 71, 2703.  

18. P. Job, Ann. Chim. 1928, 9, 113. 

19. Guidelines for Drinking-Water Quanlity, World Health Organization, Geneva, 1996. 

20. H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, 

B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. 

Izmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. 

Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. 

Vreven, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. 

Brothers, K. N. Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, 

A. Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. 

Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. 

Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. 

Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S. 

Dapprich, A. D. Daniels, Ö. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski and D. J. 

Fox, Gaussian 09, Revision A.1, Gaussian, Inc., Wallingford CT, 2009. 

21. A. Gogoi, S. Samanta, G. Das, Sensors and Actuators B, 2014, 202, 788. 

 

 

 

Page 15 of 15 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t


