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                                 PREFACE 

 

 

The need for a methodology that can effectively detect fluoride ions in aqueous 

environments using specially designed probes is substantial. While many organic probes 

perform well in organic solvents, few exhibit comparable efficiency in water. The 

challenges stem from fluoride's high enthalpy of hydration, which hinders its interaction 

with the sensor's recognition unit. To address these obstacles, a transition metal-mediated 

approach is explored. In this method, a metal ion binds to the designed probes in a fluoride-

rich environment, indirectly facilitating fluoride detection by stabilizing the conjugate base 

formed in the presence of fluoride through the creation of stable in-situ metal complexes. 

Additionally, a fluoride ion-assisted displacement of dye molecules (fluorescein and 

perylene tetracarboxylate) from aluminum complexes of the respective dye is demonstrated 

as an effective colorimetric and fluorometric chemodosimeter for sensing of fluoride in 

100% water. In conclusion, this thesis explores methodologies for enhancing the fluoride 

sensing affinity of chemical sensors in aqueous environments, thereby enabling practical 

applications in real life situations. 
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unknown water sample with B1; (d) Corresponding calibration 

plot; the pink mark indicates the concentration of the unknown 

water sample with B2. 

4.1 
Literature report of some (Thio)urea-based molecules for metal 

ion sensing. 

4-2 

4.2 
Structure of probe molecules S1 & S2. 4-4 

4.3 
(a,b,c) π∙∙∙π stacking arrangement of S1 molecule in Form I 

resulting the 3D packing arrangement; (d,e,f) an interdigitated 

infinite chain is formed using N–H∙∙∙O hydrogen bond between 

symmetry independent S1 molecules in Form 2. 
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4.4 
(a) UV-Vis spectra of S1 in DMSO (6 × 10-5 M) upon addition of 

anions in DMSO; (b) UV-Vis spectra of S2 in DMSO (6 × 10-5 M) 

upon addition of anions in DMSO; (c) Bar diagram showing 

changes in the absorbance of S1 (Pink) and S2 (Green) in DMSO 

(both 6 × 10-5 M concentration) upon addition of different anion 

solutions (5 × 10−2 M); (d) Colorimetric changes upon addition of 

anions to S1 and S2. 
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4.5 
(a) UV-Vis spectra of S1 in DMSO (6 × 10-5 M) upon gradual 

addition of TBAF (10 × 10-3 M) in DMSO; (b) UV-Vis spectra 

of S2 in DMSO (6 × 10-5 M) upon gradual addition of TBAF (10 

× 10-3 M) in DMSO ; (c) Job’s plot of S1 representing 1:1 

stoichiometric interaction between S1 and F-; (d) Job’s plot of S2 

representing 1:1 stoichiometric interaction between S2 and F-; (e) 

Benesi−Hildebrand plot of S1.F- interaction; (f) 

Benesi−Hildebrand plot of S2.F- interaction. 

4-9 

4.6 
UV-Vis spectra of probe molecules and F- mixture in DMSO 

upon addition of water with corresponding colorimetric change 

(a) S1.F- and (b) S2.F-; (c) UV-Vis spectra of S1 in DMSO (6 × 

10-5 M) upon gradual addition of NaF (10 × 10-3 M) in water; (d) 

UV-Vis spectra of S2 in DMSO (6 × 10-5 M) upon gradual 

addition of NaF (10 × 10-3 M) in water. 
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4.7 
(a) Change in the 1H NMR signals of receptor S1 in DMSO-d6 

upon addition of fluoride ion; (b) 19F NMR of TBAF titration to 

probe S1. 
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4.8 
UV-Vis absorbance of the probe molecule [6 × 10-5 M] in 

DMSO solution upon addition of different metal salts [10 × 10-3 

M] (NaCl, MgSO4, VCl3, MnCl2, FeCl2, FeCl3, CoCl2, 

NiCl2・6H2O, CuCl2・2H2O, ZnCl2, SrCl2, BaSO4): (a) S1 in 

absence of F- ion; (b) S1 in presence of F- ion; (c) S2 in absence 

of F- ion and (d)  S2 in presence of F- ion. 
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4.9 
(a) Bar representation of the change in absorbance of S1 [6 × 10-

5 M] in DMSO solution upon addition of different metal salts [10 

× 10-3 M] as aqueous solution in presence of  F- ion; (b) 

Colorimetric change of S1 and S2 solution in presence of fluoride 

and added metal salts; (c) Change in UV-Vis spectra of S1 [6 × 

10-5 M] in DMSO upon gradual addition of TBAF(DMSO) in 

presence of Ni(II) ion; (d) Change in UV-Vis spectra of S1 [6 × 

10-5 M] in DMSO upon gradual addition of NaF(aqueous) in 

presence of Ni(II) ion. 
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4.10 
(a) UV-Vis absorbance of S1 [6 × 10-5 M] in DMSO upon 

gradual addition of NaF(aq) in ppm level in presence of Ni (II) 

ion; (b) Calibration curve of the above; (c) Colorimetric changes 

upon addition of NaF in ppm. 
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4.11 
(a) UV-Vis spectra of S1 [6 × 10-5 M] in DMSO in presence of 

NaF (aq) and Ni2+(aq) upon incremental addition if water; (b) (a) 

UV-Vis spectra of dilution of S1 [6 × 10-5 M] in DMSO upon 

gradual addition of AcO- ion in presence of Ni(II) ion; (c) 

Interference study of different metal cation in presence of F- ion; 

(d) Interference study of hydroxyl ion in presence of Ni(II) ion. 
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4.12 
(a) Cyclic voltammogram of S1 (6 × 10-3 M) in presence of 

TBAF (1 × 10-3 M) and Ni2+ (1 × 10-3 M); (b) Cyclic 

voltammogram of S1 (6 × 10-3 M) in presence of NaF (1 × 10-3 

M) and Ni (1 × 10-3 M) ; (c) Cyclic voltammogram of S2 (6 × 

10-3 M) in presence of TBAF (1 × 10-3 M) and Ni2+ (1 × 10-3 M); 
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(d) Cyclic voltammogram of S2 [6 × 10-3 M] in presence of NaF 

(1 × 10-3 M) and Ni (1 × 10-3 M). 

4.13 
(a) Change in the DPV plots of S1 upon gradual addition of 

fluoride in presence of Ni (II) salt; (b) The calibration curve of the 

data for the titration shown in (a). The calculated LOD for 

electrochemical sensing of fluoride by S1 in the presence of Ni(II) 

was found as 0.3 ppm. 
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4.14 
(a) FTIR spectra of [NiS1] complex; (b) EPR spectra (100 K, 

DMSO) [Green: addition of NiCl2 (aq.) to the S1 solution]; [Pink: 

addition of NiCl2(aq) to the S2 solution followed by F- in DMSO]. 
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4.15 
Plausible mechanism involved in the process. 4-19 

4.16 
(a) DFT optimized structure of deprotonated S1; (b) HOMO-13 

orbital of [Ni(S1)] complex representing the interactions 

involved. 
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4.17 
Left: Frontier molecular orbitals involved in the UV-Vis 

absorption of [NiS1]; Right: TDDFT calculated UV-Vis graph of 

[NiS1]. 
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4.18 
(a) Photograph of the test strips subjected to addition of aqueous 

solution of F− (0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 ppm) to the 

circular region having adsorbed S1 and Ni2+; (b) Decrease in the 

percentage of the blue colour upon increase in the concentration 

of fluoride ion; (c) Photograph of the colorimetric change of the 

test strips upon sequential addition of all the components. 
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4.19 
(a) UV-Vis spectra of S1 [6 M] in DMSO with water sample 

collected from fluoride affected areas in presence of aqueous Ni2+ 

ion [10 mM]; (b) Calibration curve where star indicates the 

concentration of fluoride in water sample; (c) DPV of S1 with 

water sample collected from fluoride affected areas in presence of 

aqueous Ni2+ ion [1 mM]; (d) Calibration curve where star 

indicates the concentration of fluoride in water sample. 
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5.1 
Derivatives of PTCDI used for detection of metal cation. 5-2 

5.2 
Schematic diagram of the demonstrated methodology. 5-5 
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5.3 
(a) Powder X-ray diffraction pattern of prepared K4PTC; (b) 

Powder X-ray diffraction pattern of reported K4PTC (CCDC 

Number: 1509483). 
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5.4 
(a) UV−Vis absorption spectra of K4PTC (10 M) solution in 

water upon addition of 30μL different metal ions (10 mM); (b) 

Bar representation of the change in absorbance of the peak at 470 

nm in presence of different metal ions; (c) Change in the UV−Vis 

absorption spectra of K4PTC solution in water upon gradual 

addition of Al3+; (d) change in absorbance of the peak at 470 nm 

with increase in the concentration of Al3+. 
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5.5 
(a) UV−Vis absorption spectra of K4PTC solution in water upon 

addition of different anions; (b) Bar representation of the change 

in absorbance at 465 nm upon addition of different anions to Al3+-

K4PTC solution; (c) colorimetric and fluorometric changes. [C= 

K4PTC]. 
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5.6 
(a) Emission spectra of K4PTC solution in water upon gradual 

addition of Al3+ ion to K4PTC; (b) Stern-Volmer plot of quenching 

of emission of K4PTC in presence of Al3+. 

5-9 

5.7 
(a) UV−Vis absorption spectra of K4PTC solution in water upon 

addition of different anions; (b) Bar representation of the change 

in absorbance at 465 nm upon addition of different anions to Al3+-

K4PTC solution; (c) colorimetric and fluorometric changes. [C= 

K4PTC]. 
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5.8 
(a) Fluorescence spectra of K4PTC solution in water upon addition 

of different metal ions; (b) Bar representation of the change in 

fluorescence intensity of 485 nm peak. 
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5.9 
(a) UV-Vis absorption spectra of PTC- Al3+ solution upon gradual 

addition of F- in water medium; (b) Change in absorbance of the 

peak at 470 nm of PTC- Al3+ mixture upon gradual addition of F- 

in water medium; (c) Emission spectra of PTC- Al3+   upon 

gradual addition of F- in water medium; (d) Increase in the 

intensity of emission at 511 nm of PTC- Al3+ mixture upon 

gradual addition of F- in water medium. 
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5.10 
Change in the quantum yield of K4PTC upon sequential addition 

of Al3+ and NaF in water. 
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5.11 
(a) Change in the absorbance of PTC- Al3+ mixture upon 

increasing amount of NaF (in ppm) in water; (b) Increase in the 

fluorescence intensity of PTC- Al3+ mixture upon increasing 

amount of NaF (in ppm) in water; (c) Linear variation of the ratio 

of absorbance at λ= 465 nm ad 503 nm upon increasing amount of 

NaF; (d) Linear variation of the emission intensity at λ= 511 nm 

upon increasing amount of NaF. 
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5.12 
Recyclability of the probe characterized by (a) UV−vis absorption 

spectroscopy and (b) fluorescence spectra. 
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5.13 
(a) Time resolved photoluminescence spectra of K4PTC in 

presence of Al3+ and F-; (b) Table representation of the decay 

rates; (c) FTIR spectra of K4PTC and K4PTC in presence of Al3+ 

and F; (d) 19F NMR spectra: top- K4PTC, Al3+ and F- mixture in 

D2O; bottom: K4PTC and F- mixture in D2O. 
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5.14 
Plausible reactions involved in the sensing process. 5-15 

5.15 
Measurement of the concentration of fluoride in the water sample 

(a) UV-Vis spectra, (b) emission spectra, (c) change in colour of 

the solution upon addition of water sample; (d) comparison of the 

fluoride data with ion selective electrode (ISE) data. 

5-16 

6.1 
Some reported Fluorescein derivatives used for metal ion 

detection. 
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6.2 
(a) UV-Vis spectra of M solution (10 μM) in DMSO in presence 

of different anions (1 x 10-2 M) as their tetrabutylammonium salt; 

(b) Emission spectra of M solution (1 μM) in DMSO in presence 

of different anions (1 x 10-3 M) as their tetrabutylammonium salt; 

(c) Colorimetric and fluorometric colour change of the probe 

molecules in presence of different anions under normal light (NL) 

and UV-Visible lamp. 

6-7 

6.3 
UV-Vis spectrum of (a) M in DMSO upon addition of 50μL of 

NaF(1×10-2M) aqueous solution; (b) Change in the UV-Vis 

spectrum of M.NaF solution upon addition of H2O; (c) Change in 
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colour of the solution of M upon addition of NaF. 

6.4 
(a) UV-Vis spectra of M [10 μM] in DMSO solution upon 

addition of 10 mM aqueous solution of different metal salts (1 x 

10-2 M) (NaCl, MgSO4, VCl3, MnCl2, FeCl3, CoCl2, NiCl2.6H2O, 

CuCl2.2H2O, ZnCl2, CaCl2, BaSO4, FeCl2, AlCl3) in presence of F- 

ion (1 x 10-2 M); ( b) Emission spectra of M [1 μM] in DMSO 

solution upon addition of 1 mM aqueous solution of different 

metal salts (1 x 10-3 M) (NaCl, MgSO4, VCl3, MnCl2, FeCl3, 

CoCl2, NiCl2.6H2O, CuCl2.2H2O, ZnCl2, CaCl2, BaSO4, FeCl2, 

AlCl3) in presence of F- ion (1 x 10-2 M); (c) Bar representation of 

absorbance of the peak at 520nm; (d) Bar representation of 

absorbance of the peak at 540 nm (e) Images of colorimetric and 

fluorometric colour changes. 
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6.5 
(a) UV-Vis spectra of M-metal complex upon re-addition of 

aqueous NaF (1 × 10-2 M) in presence of metal like Ca2+, Fe3+ and 

Al3+; (b) Images of the corresponding colorimetric and 

fluorometric colour change. 
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6.6 
(a) UV-Vis spectra of K2M [10 μM] in water solution upon 

addition of 10 mM aqueous solution of different metal salts (NaCl, 

MgSO4, VCl3, MnCl2, FeCl3, CoCl2, NiCl2.6H2O, CuCl2.2H2O, 

ZnCl2, CaCl2, BaSO4, FeCl2, AlCl3) in presence of F- ion; ( b) 

Emission spectra of K2M [1 μM] in water solution upon addition 

of 1 mM aqueous solution of different metal salts (NaCl, MgSO4, 

VCl3, MnCl2, FeCl3, CoCl2, NiCl2.6H2O, CuCl2.2H2O, ZnCl2, 

CaCl2, BaSO4, FeCl2, AlCl3) in presence of F- ion; (c,d) Bar 

representation of above two titrations; (e) Images of the 

colorimetric and fluorometric colour change (NL: Normal light, 

UV: UV light). 
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6.7 
(a) UV-Vis spectra of K2M solution in water upon gradual 

addition of Al3+ ion; (b) Emission spectra of K2M solution in 

water upon gradual addition of Al3+ ion; (c) Stern-Volmer plot of 

quenching of emission of K2M solution upon addition of Al3+; (d) 

Benesi-Hildebrand plot of the fluorescence titration data. 
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6.8 
(a) UV-Vis spectra of probe K2M (10 μM) in water upon addition 

of different anions (1 x 10-2 M )in presence of Al3+ (1 x 10-2 M); 

(b) Emission spectra of probe K2M (1 μM) in water upon addition 

of different anions (1 x 10-3 M )in presence of Al3+ (1 x 10-3 M); 

(c) Bar representation of the change in absorbance; (d) Bar 

representation of the change of emission intensity; (e) Image of 

colorimetric and fluorometric changes. 
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(a) UV-Vis absorption spectra of K2M-Al3+ solution upon gradual 

addition of F- in water medium; (b) Emission spectra of K2M-Al3+ 

upon gradual addition of F- in water medium; (c) plot of the 

change in absorbance vs [NaF]; d) plot of the change in intensity 

of emission vs [NaF]. 
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6.10 
(a) UV-Vis absorption spectra of K2M-Fe3+ solution upon addition 

of different anions in water medium; (b) Emission spectra of 

K2M-Fe3+ upon addition of different anions in water medium; (a) 

UV-Vis absorption spectra of K2M-Fe3+ solution upon gradual 

addition of F- in water medium; (d) Images of colorimetric and 

fluorometric changes. 

6-15 

6.11 
(a) UV-Vis absorption spectra of K2M-Al3+ solution upon gradual 

addition of F- in ppm level in water medium; (b) Emission spectra 

of K2M-Al3+ upon gradual addition of F- in ppm level in water 

medium; (c) change in absorbance vs [NaF]; (d) change in 

emission intensity vs [NaF]. 
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6.12 
Change in the quantum yield of K2M upon sequential addition of 

Al3+ and NaF in water. 
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6.13 
Recyclability of the probe studied by (a) UV−vis absorption 

spectroscopy and (b) fluorescence spectra. 
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6.14 
(a) Time resolved photoluminescence spectra of K2M in presence 

of Al3+ and F-; (b) characteristic photophysical parameters; (c) 

FTIR spectra of K2M and K2M in presence of Al3+ and F-; (d) 19F 

NMR spectra: top- K2M, Al3+ and F- mixture in D2O; bottom: 

K2M and F- mixture in D2O. 
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Plausible pathway of the sensing process. 6-19 
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6.16 
Measurement of the concentration of fluoride in the water sample 

(a) UV-Vis spectra, (b) emission spectra, (c) change in colour of 

the solution upon addition of water sample; (d) comparison of the 

fluoride data estimated with our methodology with ion selective 

electrode (ISE) data; (e) Cellulose paper strip test. 
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