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The generation of new band at 360 nm instead of 302 nm was observed in presence of 10 equiv 

Cu(II), Ni(II), Zn(II), Co(II). Similarly, generation of weak and broad bands were detected at 425 

nm in presence of 10 equiv Cr(III) and at 375 nm for 10 equiv of Mn(II), Cd(II), Ca(II), Cr(III) 

etc. 
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Figure S1. Absorption spectra of L1 (2 ×10-4 M) in water in presence of different cations (10 

equivalent) is shown.
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Figure S2. a) Fluorescence spectra of L1 (2 × 10-4 M) and in the presence of different cations (2 

× 10-4 M), 10 equiv each and b) Corresponding colour changes upon addition of different metal 

ions in water.

For UV-Vis and fluorescence titration, the same stock solutions of L1 were used and the solutions 

of the nitrate salts of the Al(III) with desired concentration (0.1 - 20 equiv) were prepared by proper 

dilution of the stock solution. Then 2 mL of each solution was mixed in a 5 mL volumetric flask 

to prepare reaction mixture with 0.1 to 20-fold molar equiv of the concentration of metal ion with 

respect to the concentration of compounds and the absorption / fluorescence spectra of the resulting 
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solutions were recorded. Binding constants was calculated from fluorescence titration by following 

a reported procedure 1. The interference from other metal ions was also ascertained by recording 

fluorescence spectra of L1 (2 ×10-4M) upon addition of a mixture of metal ions containing  molar 

equiv of Al(III) and  molar equiv of other metal ions with respect to the concentration of the 

compounds. 

Figure S3.a) UV-Vis and b) fluorescence spectral change of L2 in presence and absence of Al(III).

1H NMR Analysis. 1H NMR titration experiments helped to understand the complexation between 

Al(III) and ligand L1 in a better way. In DMSO-d6 spectra were recorded with increasing 
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concentration of Al(III) (from 0.5 equiv to 10 equiv) to the L1. There is very little beat change 

around 0.03 ppm in NMR signal of amide proton and other aryl protons and protons of pyridine 

ring did not show any downfield or upfield shift (Figure S4). So, it is emphasized that amide –NH 

and pyridyl nitrogen did not involve in the coordination with Al(III) and new signal appeared at 

9.24 ppm was generated due to water coordination with Al(III) which has been disappeared after 

shaking with D2O. To confirm the non-participation of nitrogen of pyridine ring in the 

complexation, a control experiment has been performed. Another ligand (L2) was synthesized by 

replacing pyridyl ring with a naphthalene moiety. The same change in fluorescence and UV-Vis 

spectra has been observed with 10 equiv. Al(III) in water (Figure S3). However, there is no 

significant change has been observed in the NMR signal in the presence and absence of Al(III) 

(Figure S5). This signifies pyridine is excluded from coordination with Al(III) but the restriction 

of rotation of pyridine during complexation is responsible of enhancement of fluorescence spectra 

of  both ligand. The 1H NMR signals at 8.65, 8.05 ppm (doublets) and two triplets at 7.95, 7.48 

ppm are possibly originated from pyridine ring and three singlet at 8.55, 8.49, 8.43 ppm for the 

sulfonated aromatic ring and –CH=N proton. A broad singlet at 12.45 ppm indicates the presence 

of amide protons.
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Figure S4. Partial 1H NMR spectra in DMSO-d6 of L1 with addition of Al(III)A) 0 equiv B) 0.5 

equiv C) 2.0 equiv D) 10.0 equiv and E) After addition of excess D2O.
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Figure S5. Partial 1H NMR spectra of L2 with addition of Al(III)a) 0 equiv b) 10.0 equiv c) After 

addition of excess D2O in DMSO-d6.
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Figure S6. ESI-MS (HRMS) spectra of isolated Al(III) complex.The peak at 698.1104 is due to 

the (L1  Na+ + Al(III) + 2H+ + 3NO3
- + MeOH).

Analysis of complex. The interaction between receptor (L1) with Al(III) was also determined by 

LC-MS, FT-IR and NMR in solution as well as in isolated pure complex. L1 was dissolved in 

water (10 mL) and an excess amount (5 fold) of the nitrated salt of Al(III) was added into the 
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solutions. The reaction mixtures were stirred at room temperature for 2 h and the solutions were 

analyzed by LC-MS instrument. The solvent was evaporated from the solution and IR analysis was 

performed using KBr plate. 1H NMR was performed in DMSO-d6.  The change in proton signal 

has been recorded by adding 1-10 equiv Al(III)to the DMSO-d6 solution of compound L1.

Fluorescence titration experiments were conducted to detect the F− ion-induced fluorescence 

intensity changes of [L1 + Al(III)]complex, using KF as the F− ion source. The emission peak at 

436 nm gradually decreased upon addition of KF to the aqueous HEPES solution of the above 

optimized fluorescent [L1 + Al(III)]complex, and the fluorescence spectrum of the mixture was 

obtained at ambient temperature. The stoichiometric ratio of ligand (L1) and Al(III) was estimated 

to be 3:2 from Job’s plot (Figure S7a).2 The variation in fluorescence intensity L1 (2 × 10-4 M) in 

presence of Al(III) (5.0 equiv) with pH (λem ~436 nm) is shown in Figure S7b. 

Figure S7. a) Job’s plot for determining the stoichiometric complexation of L1 with Al(III) in 

water. b) The variation in fluorescence intensity L1 (2 × 10-4 M) in presence of Al(III) (5.0 equiv) 

with pH (λem ~436 nm).



S10

Lowest detection limit of Al(III)

The LOD of Al(III)was calculated by following equation 

LOD = K. σ /s 

Where K= 2, σ is the standard deviation of blank measurement, s is the slope of intensity vs. 

[Al(III)] plot
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Figure S8. Calibration curve for lowest detection limit.

Here σ is found to be 63.97 and slope form the graph is 7.5 × 1010. LOD calculated is 1.7nM. 
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Figure S9. Comparative analysis of fluorescence (and auto-fluorescence) in control root hair cells 

and [Al(III) + L1]-treated cells and extraction of L1-specific signals after spectral unmixing.
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Table S1. Comparison Table of Lower Detection Limit (LOD) for Al(III) and F- ion of L1 with 

other reported compounds.

Entry LOD of Al(III) LOD of F- Solvent Method Citation

1 1.7 × 10-9 M
2 ×

10-12 M
Water

Fluorescence 
enhancement
/quenching

This Work

2 0.092 μM 0.112 μM Water
Fluorescence

Quenching/ 
enhancement

Sens. Actuators B: 
Chem. 2016, 229, 138.3

3 4.32 µM - Water-
methanol

Fluorescence 
enhancement

Sens. Actuators B: 
Chem. 2018, 260, 888.4

4 30 µM - THF-Tris-
HCl

Fluorescence 
enhancement

Sens. Actuators B: 
Chem. 2018, 256, 276.5

5 2 µM 18 µM Water Fluorescence
ACS Appl. Mater. 
Interfaces 2017, 9, 

17359.6

6 2.28 nM 0.13 μM
Water

(0.5% 
DMSO)

Fluorescence 
enhancement/

quenching

Spectrochim. Acta A 
2019, 208, 131.7

7 1.1 × 10-7 M 1.47 µM DMF/H2O
Fluorescence 
enhancement/

quenching

New J. Chem. 2018, 42, 
14978.8

8 145 nM - Water Fluorescence Analyst 2018, 143, 
5285.9

9 0.7 µM - Water-
DMF

Fluorescence 
quenching

J. Mat. Chem. A 2017, 
5, 13079.10

10 - 1 × nM DMSO Fluorescence 
enhancement

J. Am. Chem. Soc. 
2010, 132, 17674-

17677.11

11 - 5 × 10−5 M THF Ratiometric   
fluorescent

ACS Appl. Nano Mater. 
2019, 2, 470-478.12

12 - 0.10 ppm Water Ratiometric 
fluorescence

ACS Appl. Mater. 
Interfaces 2017, 9, 
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18314.13

13 - 50 µM Ethanol–
water

Fluorescence 
quenching

Sens. Actuators B: 
Chem. 2010, 146, 260.14

14 - 50 µM Water Fluorescence 
enhanced

Sens. Actuators B: 
Chem. 2007, 125, 447.15

15 - 12 ppb. Ethanol–
water

Fluorescence 
quenching

Spectrochim. Acta A 
2006, 65, 565.16

16 - 24 µM Water Ratiometric 
fluorescent

J. Mater. Chem. C 
2014, 2, 8599.17

17 - 20 µM CH3CN Ratiometric 
fluorescent

J. Mater. Chem. 2012, 
22, 5291.18

18 - 1.5 × 10-5 

M Water Fluorescence 
quenching

Anal. Sci. 2005, 21, 
973.19

19 -
5 ×

10−6 M
Water Fluorescence 

quenching
Talanta, 2006,68, 

1000.20

20 - 50 ppb Water Fluorescence 
enhancement

Sci. Rep. 2013, 3, 
2562.21

21 5 μM - DMSO Fluorescence 
enhancement

Inorg. Chem. 2013, 52, 
7320.22

22 0.37 μM - EtOH -
H2O

Fluorescence 
enhancement

J. Lumin. 2018, 203, 
113.23

23 1.09 × 10-9 M - Water Fluorescence 
enhancement

J. Photochem. 
Photobiol. A: Chem. 

2017, 348, 246.2

24 - 2.0 μM DCM Ratiometric 
fluorescent

Org. Lett., 2010, 12, 
3320.24

25 - 3.5 × 10-6 

M CHCl3
Fluorescence 

quenching
Org. Lett., 2009, 11, 

5418.25
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Figure S10.EDX and elemental mapping of L1.
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L1 +Al3+

Figure S11.EDX and elemental mapping of [L1+ Al(III)] complex.
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Figure S12.EDX and elemental mapping of [L1+ Al(III)] complex after addition of F- ion.
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Figure S13. 1H NMR spectrum of 1.
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Figure S14. 13C NMR spectrum of 1.
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Figure S15.1H NMR spectrum of L1.
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Figure S19. IR spectrum of L2.
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Figure S20. ESI-MS (HRMS) spectrum of L2.
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Figure S22. 13C NMR of L1 with Al(III).
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