A new colorimetric azo-azomethine probe for fluoride ion detection based on the proton transfer signaling mode: Real-life applications 
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Fig. S1. IR spectrum of 1-(3-Formyl-4-hydroxyphenylazo)-2- chloro-4-nitrobenzen
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Fig. S2. 1H NMR spectrum of 1-(3-Formyl-4-hydroxyphenylazo)-2- chloro-4-nitrobenzen
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Fig. S3. UV-Vis spectrum of 1-(3-Formyl-4-hydroxyphenylazo)-2- chloro-4-nitrobenzen (1)
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Fig. S4. IR spectrum of 1-(3-Formyl-4-hydroxyphenylazo)-4- chloro-3-nitrobenzen (2)

[image: image5.jpg]asro

0005"

£9GE
502y

eoae’
asre”

9656
£/86

120t
BEET”

sere
Fis44

B29E

roig

L

v

A\

© Do NN NN

o1

123

wdd

VSEF O

0000 T

EE8T T

P

1486°2
vaig’l

P2E0’ T

E196°0

Tedbazul

10

12

ppm




Fig. S5. 1H NMR spectrum of 1-(3-Formyl-4-hydroxyphenylazo)-4- chloro-3-nitrobenzen
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Fig. S6. UV-Vis spectrum of 1-(3-Formyl-4-hydroxyphenylazo)- 4- chloro-3-nitrobenzen
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Fig. S7. IR spectrum of the Receptor 1a
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Fig. S8. 1H NMR (DMSO) of the Receptor 1a
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Fig. S9. IR spectrum of the Receptor 1b
[image: image10.jpg]€4208"

10916°

9IvLE"
€8899°

[42:17
880¢9°

20619"
2/B8L9"
1988L°
900c8°
cGeEd”
L86ve”
L108¢"
LOLTE"
G0GeE”
VGELE’

wdd

110477

vesl e

00007

/B8E6 0
GBGO' T
Z Ao
—~88L0°T
= G296 0
~._ 81780

1edbajul

5 4 3 2

6

L L [0 e U L L R R

10

1

T e T T R T T R T [ T e [ T

ppm




Fig. S10. 1H NMR (DMSO) of the Receptor 1b
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Fig. S11. IR spectrum of the Receptor 2a
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Fig. S12. 1H NMR (DMSO) of the Receptor 2a
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Fig. S13. IR spectrum of the Receptor 2b
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Fig. S14. 1H NMR (DMSO) of the Receptor 2b
Infrared spectra

Table 1 presents the most important IR spectral bounds for 1a, 1b, 2a and 2b receptors. A strong band observed in the IR spectra of 1-2 in the region of 1658-1660 cm−1 can be assigned to the υ(C=O) group (Figs.S1, S4). The absorption bands of stretching vibration of C=O group in the IR spectra of 1a, 1b, 2a and 2b disappear, whereas the bands assigned to vibration of υ(C=N) at 1612–1643 cm−1 appear. The infrared spectra of azo-linked Schiff base compounds showed bands around 1271–1288 cm−1 assigned to the υ(C-O) stretching mode. The symmetric N=N stretching mode, in the IR spectra of 1a, 1b, 2a and 2b, leads to a medium band at 1408–1496 cm−1[1, 2] . 
Table 1 Infrared spectral data of 1a, 1b, 2a and 2b receptors (cm-1)

	Compounds
	ν(C=O)
	ν(C=C)
	ν(C-O)
	ν(C=N)
	ν(phenol ring)
	ν(N=N)

	1a
	-
	1587
	1278
	1612
	1516
	1496

	1b
	-
	1612
	1271
	1643
	1514
	1408

	2a
	-
	1587
	1288
	1614
	1531
	1485

	2b
	-
	1547
	1288
	1613
	1523
	1489


Electronic absorption spectra

The electronic absorption spectra of 1a, 1b, 2a and 2b, recorded in DMSO at room temperature, exhibit main bands at 210-270, 315-355 and 400-440 nm (Fig. S15).The intense band located at 210 -270 nm can be assigned to the medium energy π→π* transition of the aromatic rings, while the broad absorption band at 315-355 nm is due to the π→π* excitation of the electrons of the azo and azomethine groups [3, 4]. The bands at 400-440 nm assigned to n→π* transitions of the azo and azomethine groups in the 1a, 1b, 2a and 2b compounds. When Δλmax values are compared according to the type of the substituents it was observed that the value of shift is almost the same with the presence of Cl and NO2. This was an expected outcome since the electron withdrawing inductive and electron donating resonance effects approximately cancel each other.
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     Fig. S15 The absorption spectra of 1a, 1b, 2a and 2b in DMSO (4×10−5 M)

UV-Vis Absorption Studies
Calculation of binding constant

The binding constant of the receptor 1a, 1b, 2a and 2b were calculated from the fluoride-induced absorption changes using the following Eq. (1).
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Where, ∆A is the change in absorbance, b is path length, St is total concentration of substrate, Ka is association constant, ∆ε is the change in molar absorption co-efficient. Plot can be made with 1/ΔA as a function of 1/[L]. The binding constant can be obtained by the ratio of intercept and slope. 
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Fig. S16. Plot of 1/ΔA against 1/[F] for (a). 1b, (b). 2a, (c). 2b
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Fig. S17.  Job’s plot of 1a, 1b, 2a and 2b with F-
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Fig. S18. UV-Vis absorption spectra of 1a, 1b, 2a and 2b (4×10−5 M) in DMSO/H2O upon addition of various anions
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Fig. S19. Photographs of the test kits with 1b for detecting F– ion in aqueous solution with different concentrations. Left to right: 0, 5×10−4 M, 6×10−4 M, 2×10−3 M
Quantitatively colorimetric analysis
Based on the light spectrum theory, any visible light colors in the RGB system consist of three primary components being red (R), green (G) and blue (B). Combination of primary light colors generates a new color depending on a RGB intensity ratio. Fig. 20a shows the RGB values as a function of the concentration of fluoride. The three RGB parameters of the free sensor strips are 187, 154 and 98, respectively, thus the strips display a yellow color. With the increase of the fluoride concentration, both the G and B parameters were decreased, while the R parameter was increased (Fig. 20a). Therefore, the color of the sensor strips change to red gradually. For facility the colorimetric analysis of the sensor strips, I visualized the colorimetric response versus fluoride concentration by using a color-differentiation map that prepared from RGB values (Fig. 20b). 
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Fig. S20. (a) The RGB values of sensor 2a with various concentrations of F− solution. (b) Color-differentiation map comprising the RGB colors versus a series of F− concentrations.
Fluorescence properties

The fluorescent spectral properties of receptors 1a, 1b, 2a and 2b (2×10−5 M) were determined in DMSO solvent (Fig.S19a). Subsequently, F−, Cl−, Br−, I−, NO3−, ClO4−, CN−, HSO4−, H2PO4− and OAc− (as the corresponding tetrabutylammonium salt, respectively) were used to measure the selectivity of probe 2a (2×10−5 M), and fluorescence spectra were recorded after 3 min upon addition of 2.0 equiv of each of these anions. Compared to other anions examined, only F− generated a remarkable fluorescence increase at 523 nm. The wavelengths of excitation and emission are reported in Table 2. The fluorescent emission of receptors 1a, 1b, 2a and 2b did not originate from the azobenzene unit, as it is well known that the azobenzene unit does not exhibit luminescence, but resulted from the Schiff base unit [5]. The addition of F− (2 equiv.) to the solution of receptor 2a, the fluorescence emission intensity of 2a at 341 and 653 nm increased (Fig.S19b). The proposed mechanism for the enhancement was based on binding-induced conformational restriction of a fluorophore.  In solution, the receptor 2a could freely vibrate and rotate, which enable vibrational and rotational relaxation modes of the non-radiative decay. As a consequence of the anion coordination, the rigidity of the complex increased and rendering the non-radiative decay from the excited state less probably; with an increase in the emission intensity [6-8]. As with the UV–Vis titrations, none of the other anions caused obvious changes in fluorescence emission. These findings open up the way to design and synthesis a new efficient ion-selective molecular sensor for biological molecules containing fluoride ions.
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Fig. S21. (a) Fluorescent spectra of receptors 1a, 1b, 2a and 2b in DMSO (2×10−5 M) (b) Fluorescent titration of receptor 2a in 9:1, DMSO/H2O (2×10−5 M) upon addition of various anions
Table 2 Photophysical data receptors 1a, 1b, 2a and 2b
	Compound
	Excitation (nm)
	      Emission (nm)

	1a
	290
	343, 585, 635, 661

	1b
	530
	276, 336, 638

	2a
	300
	308, 341,475, 604,653

	2b
	230
	387
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