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1. [bookmark: _Hlk29230166]Synthesis and spectral characterization of chemosensor NDA
1.1. General
The melting point (s of the chemosensor NAD was evaluated in a digital melting point apparatus using a capillary tube (Stuart, SMP10, Staffordshire, ST15 OSA, UK). All the used chemicals, solvents and reagents were procured from the Alfa Aesar/Sigma-Aldrich, Korea. The UV/vis spectrums were measured in a quartz cuvette with 1 cm length (Hewlett Packard 8453; G1103A). The fluorescence emission of the chemosensor NDA with metal ions were performed in a fluorescence spectrometer (JASCO, FP-6500). The synthesized chemosensor was structurally analyzed and confirmed by FT-IR spectroscopy (Perkin-Elmer, Frontier MIR/FIR Spectrometer, L1280044), 1H NMR spectroscopy (500 MHz, Jeol), 13C NMR spectroscopy (150 MHz, Jeol) and mass (ESI) spectral characterizations (liquid chromatography-ion-trap mass spectrometry, Agilent 1100). Elemental analysis of the chemosensor was investigated using CHNS/O analyzers (FLASH 2000, Thermo Fisher Scientific). The electrochemical studies were carried out in the electrochemical workstation (GAMRY, Reference 600). The DFT studies were investigated using the Gaussian 09 program with the B3LYP/LANL2DZ method [1]. The surface analysis was performed using the field emission scanning electron microscope (FE-SEM; SUPRA 40 VP; Carl Zeiss, Germany), energy dispersive X‐ray spectroscopy (EDS; SUPRA 40 VP; Carl Zeiss, Germany).
1.2. Synthesis of chemosensor NDA
The starting material 9-aminoacridine hydrochloride monohydrate (1) (0.621 g, 2.5 mM) was dissolved in acetonitrile (CH3CN, 300 mL). Triethylamine was added until the compound 1 was completely solubilized in CH3CN. Diphenylacetyl chloride (2) (0.576 g, 2.5 mM) was added to the reaction mixture and the reaction was carried out at the reflux condition for 2 h in the presence of KOH (1 equiv.). The completion of the reaction and the formation of the product was checked by thin-layer chromatography (TLC, ethyl acetate/hexane, 1:1, v/v). After the completion of the reaction, the reaction mixture was cooled to room temperature and poured into the ice-cold water (2000 mL). The precipitate was formed that was isolated by vacuum filtration. The isolated crude product was dried in a hot air oven at 45 ºC. The obtained crude sample was purified by column chromatography (silica gel, 100–200 mesh, ethyl acetate/hexane, 1:1, v/v) which afforded the chemosensor NDA. Pale yellow solid (86%); mp: 237–238 ºC; IR (KBr) ṽ = 546, 600, 696, 717, 747, 812, 983, 1192, 1415, 1494, 1570, 1655, 3055, 3286 cm-1. 1H NMR (500 MHz, DMSO-d6, 25 °C, TMS): δ = 5.62 (s, 1H), 7.30 (t, J = 7.3 Hz, 2H), 7.40 (t, J = 7.5 Hz, 4H), 7.49–7.53 (m, 6H), 7.79 (t, J = 7.4 Hz, 2H), 7.87 (d, J = 8.6 Hz, 2H), 8.13 (d, J = 8.7 Hz, 2H), 11.04 (s, 1H) ppm. 13C NMR (150 MHz, DMSO-d6): δ = 57.4, 123.1, 124.4, 126.5, 127.6, 129.1, 129.1, 129.8, 130.9, 140.2, 140.2, 149.4, 171.8 ppm. MS (ESI) m/z: calcd for C27H20N2O, [M+] 388.47, found: 389.23. Anal. calcd for C27H20N2O (388): C, 83.48; H, 5.19; N, 7.21, found: C, 83.29; H, 5.23; N, 7.09. 










1.3. 1H NMR and 13C NMR spectra of chemosensor NDA
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Fig. S1. 1H NMR and 13C NMR spectra of chemosensor NDA










1.4. Mass (ESI) spectra of chemosensor NDA
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Fig. S2. ESI-Mass spectrum of chemosensor NDA in methanol.
2. [bookmark: _Hlk29230191]UV/vis absorption study of the chemosensor NDA
[image: ]
Fig. S3. UV/vis study of NDA (1.25 × 10-5 M) in various organic solvents and water. 


3. Selectivity study of the chemosensor NDA with various metal ions under UV lamp
[image: ]
Fig. S4. The metal ions selectivity study of NDA (1.25 × 10-5 M) with the addition of various metals (6.25 × 10-4 M) in water under the UV light at 365 nm.

4. UV/vis titration analysis of NDA towards Sn4+
[image: ]
Fig. S5. UV/vis titration study of NDA (1.25 × 10-5 M) with the increased concentration of Sn4+ (0 M to 6.25 × 10-4 M) in water. 







	

5. UV/vis titration linear curve of NDA against Sn4+
[image: ]
Fig. S6. UV/vis titration linear response curve of NDA (1.25 × 10-5 M) with the incremental addition of Sn4+ (0 M to 6.25 × 10-4 M) in water, λmax = 360 nm. The data denotes as mean ± SD (n = 3); where n = number of repeated experiments.







6. Water effect in the emission properties of NDA–Sn4+ complex
[image: ]
Fig. S7. Fluorescence emission of NDA (1.25 × 10-5 M) and Sn4+ (6.25 × 10-4 M) in CH3CN solution with the addition of different percentage of water, λex = 374 nm; λem = 473 nm. Where * = 20 mM HEPES used (pH = 7.5).







7. [bookmark: _Hlk29230198]Effect of solvents in NDA–Sn4+ complex
[image: ]
Fig. S8. Fluorescence emission study of NDA (1.25 × 10-5 M) – Sn4+ (6.25 × 10-4 M) complex in different organic solvents and water, λex = 374 nm; λem = 473 nm. 







8. Fluorescence titration linear curve of NDA towards Sn4+
[bookmark: _Hlk29230205][image: ]
Fig. S9. Fluorescence titration linear response curve of NDA (1.25 × 10-5 M) with the incremental addition of Sn4+ (0 M to 6.25 × 10-4 M) in water, λex = 374 nm, λem = 473 nm. The data denotes as mean ± SD (n = 3); where n = number of repeated experiments. 







9. Metal ion competitive study of NDA–Sn4+ complex against various metal ions
[image: ]
Fig. S10. The complexometric titration analysis of NDA (1.25 × 10-5 M) and Sn4+ (6.25 × 10-4 M) with the addition of other metal ions (6.25 × 10-4 M) in water, λex = 374 nm; λem = 473 nm. The data denotes as mean ± SD (n = 3); where n = number of repeated experiments.







10. [bookmark: _Hlk29230211]Job’s plot analysis of NDA against Sn4+
[image: ]
[bookmark: _Hlk34318832]Fig. S11. Job's plot analysis of NDA–Sn4+ complex for 1:1 binding stoichiometry in water, λex = 374 nm, λem = 443 nm.







11. Mass (ESI) spectral analysis of NDA–Sn4+ complex 
[image: ]
Fig. S12. Mass (ESI) spectrum of NDA–Sn4+ complex (1:1) in methanol. MS-ESI m/z calculated for NDA–Sn4+: 507.17781, found: 507.00000 [M+].












12. [bookmark: _Hlk34810537]Benesi-Hildebrand plot for NDA–Sn4+ complex 
[image: ]
[bookmark: _Hlk34293355]Fig. S13. Calculation of binding constant (Ks) by Benesi-Hildebrand plot.








13. Reversibility cycle analysis of NDA towards Sn4+  
[image: ]
Fig. S14. The reversibility analysis of NDA (1.25 × 10-5 M) with the alternative addition of Sn4+ (3.125 × 10-4 M) and EDTA (2.5 × 10-3 M) in water, λex = 374 nm; λem = 473 nm.







14. The effect of pH in the NDA towards Sn4+ and Cr2O72- ions
[image: ]
[bookmark: _GoBack]Fig. S15. Effect of pH on the emission intensity of NDA (1.25 × 10-5 M) with the addition of Sn4+ (6.25 × 10-4 M), and Cr2O72- (2.50 × 10-4 M) ions in water, λex = 374 nm, λem = 473 nm.







15. Enlarged FT-IR image of NDA and its Sn4+ complex
[image: ]
Fig. S16. Enlarged FT-IR image of NDA, and NDA–Sn4+ complex. 
16. [bookmark: _Hlk29230224]Electrochemical investigation of NDA and NDA–Sn4+ complex
[image: ]
Fig. S17. Cyclic voltammetry study of 0.01 M NDA as well as for 0.01 M NDA and 0.01 M Sn4+ in CH3CN solution of 1.0 × 10-1 M TBATFB (supporting electrolyte). Silver (non-aqueous) was used as a pseudo-reference electrode. 






17. [bookmark: _Hlk29230231]Optimized structures of NDA and its Sn4+ complex
[image: ]
Fig. S18. The optimized structures of NDA and NDA–Sn4+ complex. Where (a): optimized structure of NDA; (b): optimized structure of NDA–Sn4+ complex; (c), (d): molecular orbital level of NDA and NDA–Sn4+ complex, respectively.




18. Excitation and emission spectra of NDA and NDA–Sn4+ complex 
[image: ]
Fig. S19. (a,b) Excitation and emission spectra shifting of NDA and NDA–Sn4+ complex, respectively.














19. Natural transition orbital (NTO) analysis of NDA and its Sn4+ complex 
[image: ]
Fig. S20. The graphical representation of the photogenerated holes and electron density from NTO analysis. Where, (a-f): 1st, 6th and 12th excited state photogenerated holes and electron density of NDA.
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Fig. S21. The graphical representation of the photogenerated holes and electron density from NTO analysis. Where, (a-f): 1st, 6th and 12th excited state photogenerated holes and electron density of NDA–Sn4+ complex.

20. Selectivity study of the NDA–Sn4+ complex with various analytes under UV lamp
[image: ]Fig. S22. The analytes selectivity study of NDA (1.25 × 10-5 M) with Sn4+ (3.75 × 10-4 M) upon the addition of various analytes (6.25 × 10-4 M) in water under the UV light at 365 nm. Where, 1: NDA + Sn4+, 2: CN-, 3: Br-, 4: ClO4-, 5: NO3-, 6: Cl-, 7: F-, 8: I-, 9: CH3COO-, 10: Cr2O72-, 11: BF4-, 12: PO4-, 13: PF6-, 14: SO42-, 15: OH-, 16: Ac-Phe-OH, 17: Met, 18: L-Gln, 19: L-Cys, 20: NAC, 21: Ac-GLN-OH, 22: L-ABA, 23: Ac-Gly-OH, 24: Ac-L-Met-OH, 25: GSH, 26: GSSG, 27: GSH-MEE, 28: S-A-GSH, 29: S-Hexyl-GSH.














21. Fluorescence titration linear curve of NDA–Sn4+ complex towards Cr2O72-
[image: ]
Fig. S23. Fluorescence titration linear response curve of NDA (1.25 × 10-5 M) with Sn4+ (3.75 × 10-4 M) upon the incremental addition of Cr2O72- (0 M to 2.50 × 10-4 M) in water, λex = 374 nm, λem = 473 nm. The data denotes as mean ± SD (n = 3); where n = number of repeated experiments.







22. Analytes competitive study of NDA–Sn4+ complex with Cr2O72- against various analytes
[image: ]
Fig. S24. The analytes competitive study of NDA (1.25 × 10-5 M) with Sn4+ (3.75 × 10-4 M), Cr2O72- (6.25 × 10-4 M) and coexisted with other analytes (6.25 × 10-4 M) in water; λex = 374 nm; λem = 473 nm. The data denotes as mean ± SD (n = 3); where n = number of repeated experiments.






23. Job’s plot analysis of NDA–Sn4+ complex towards Cr2O72-
[image: ]
Fig. S25. Job's plot analysis of NDA–Sn4+ complex towards Cr2O72- for 1:2 binding stoichiometry in water, λex = 374 nm, λem = 471 nm.








24. Benesi-Hildebrand plot for NDA–Sn4+ complex towards Cr2O72-
[image: ]
Fig. S26. Calculation of binding constant (Ks) by Benesi-Hildebrand plot.







25. [bookmark: _Hlk29230238]Toxicity analysis of the chemosensor NDA
[image: ]
Fig. S27. Cytotoxicity study of the chemosensor NDA in keratinocyte cells (HaCaT), mouse fibroblast cells (L929), human head and neck cancer cells (FaDu), and human hypopharyngeal squamous cancer cells (SNU-1041).






26. [bookmark: _Hlk34810594]Morphological investigations of the cells with NDA
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Fig. S28. Microscopic images of HaCaT cells treated with NDA.
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Fig. S29. Microscopic images of L929 cells treated with NDA.
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Fig. S30. Microscopic images of FaDu cells treated with NDA.
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Fig. S31. Microscopic images of SNU-1041 cells treated with NDA.









27. Discriminative recognition of Sn4+ in live cells
[image: ]
Fig. S32. Confocal fluorescence microscopic images of HaCaT cells; (a–e): control cells; (f–j): cells treated with 0.781 µM Sn4+; (k–o): cells treated with 0.781 µM NDA; the images under blue filter represents the cells incubated with DAPI. 

[image: ]
Fig. S33. Confocal fluorescence microscopic images of L929 cells; (a–e): control cells; (f–j): cells treated with 0.781 µM Sn4+; (k–o): cells treated with 0.781 µM NDA; the images under blue filter represents the cells incubated with DAPI. 



[image: ] 
Fig. S34. Confocal fluorescence microscopic images of FaDu cells; (a–e): control cells; (f–j): cells treated with 0.781 µM Sn4+; (k–o): cells treated with 0.781 µM NDA; the images under blue filter represents the cells incubated with DAPI. 
[image: ]
Fig. S35. Confocal fluorescence microscopic images of SNU-1041 cells; (a–e): control cells; (f–j): cells treated with 0.781 µM Sn4+; (k–o): cells treated with 0.781 µM NDA; the images under blue filter represents the cells incubated with DAPI. 








28. [bookmark: _Hlk34810605]Relative fluorescence intensities in normal and cancer cells
[image: ]Fig. S36. Relative fluorescence intensity in the normal and cancer cells incubated with NDA–Sn4+ system. The data denotes as mean ± SD (n = 6); where n = quantification of the emitted fluorescence signal from a number of fields of view. 






29. Table S1. Quantitative determination of Sn4+ and Cr2O72- ions in real water samples 
	Analyzed water samples
	Sn4+ & Cr2O72- concentration (μM)
	Amount of Sn4+ found (μM) (n=4)
	Amount of Cr2O72- found (μM) (n=4)
	% of Sn4+  recovered
	% of Cr2O72-  recovered

	Tap water -1
	0.60
	0.59
	0.57
	98.33
	95.00

	
	5.00
	4.98
	4.96
	99.60
	99.20

	
	10.00
	9.96
	9.95
	99.60
	99.50

	Tap water-2
	0.60
	0.58
	0.57
	96.66
	95.00

	
	5.00
	4.97
	4.98
	99.40
	99.60

	
	10.00
	9.98
	9.99
	99.80
	99.90

	Drinking water-1
	0.60
	0.58
	0.57
	96.66
	95.00

	
	5.00
	4.99
	4.98
	99.80
	99.60

	
	10.00
	9.97
	9.96
	99.70
	99.60

	Drinking water-2
	0.60
	0.59
	0.58
	98.33
	96.66

	
	5.00
	4.96
	4.97
	99.20
	99.40

	
	10.00
	9.95
	9.97
	99.50
	99.70
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