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NMR and IV spectra
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Figure 1_SM - '"H NMR spectrum of compound 4a.

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5

8.5

9.0

20°0-—

L5°9L

WL

80021
6021
15°021
8021
v9'Eet
80421
sL9z1
08921
£8'921
66921 1
98421 1
80821
Lv'821
55621 4
20°0€T
LL0ET
95261
09°7€T
S9°TET
TL2ET

IR

ITHET
wer/

G ¥Et

95 THT

10261 —

wert /.

S9°6bT —

69°06T —

80 70 60 50 40 30 20 10

180 170 160 150 140 130 120 110 100 90
f1 (ppm)
Figure 2_SM - 3*C NMR spectrum of compound 4a.

190



———; 774 — %69
— — 98'IBL

— #2555 50170 70

— T ol

— S0°LPEL
= oror— TV 98El
29°0¥bL

==y /R Vi s
T —=biUGSL ezqi8l  cagee 9z usSH
——ge— ]
T
— T ggvan
T
— gev8el
— 11256

Lv — L009Ee
— 9.'82r2

— 18652
— ¥l'9852
— SE'699Z

— £1°0582
8562 Frozee

— PL'EZ0E
< ryozr— b 860

//.\. — oz6lee

/\“ — ISk
I\
-b\\‘

P

LO'ES0E

PR

00l 06 08 0L 09
[24] @ouERIWISUEL ]

2500 2000 1500 1000 500
Wavenumber crm-1

3000

3500

85—
o
= =
[ o
. = =
o o
]
< J
O <
<9 -
m N -
8bL— .
Q 15077 [~
o g5t/
Gy 65°L— L M
) 190"
m ~
YL~ ~
m oLL~
we" X~ El
- S RS
1) 08'L m
L 680~ oy
(o 67— F e
|72]
= 2 —
[~
m 508 —
| 808 — L~
m ©
= 618 — L M
o0eg "
— sTg—
1 ]
[~
_
> )
en a8~ UL r
18— = o
5] 618~ — reg
) e vg8 /" &
= 8vL r e
=Y} 157 o
- €5 F o
<3 65°L 106 — -
192 - J
YL
oLt
733
08¢ - — T
69'L - Hﬁ.v
50’8 AN — F60'T
808\ Thre
618 — — - Freeo
0r's \
sz'g
org
s 9
6.8 \ s
v, - 00T
106

-1.0 15

-0.5

2.5 2.0 1.5 1.0 0.5 0.0

3.0

>3 oom
Figure 4 SM - 'H NMR spectrum of compound 4b.
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Figure 5_SM - 3C NMR spectrum of compound 4b.
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Figure 6_SM - Infra-red spectrum of compound 4b.
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Figure 7_SM - '"H NMR spectrum of compound 4c.
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Figure 9_SM - Infra-red spectrum of compound 4c.
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Figure 10_SM — "H NMR spectrum of compound 4d.
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Figure 11_SM - 3C NMR spectrum of compound 4d.
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Figure 12_SM - Infra-red spectrum of compound 4d.
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Figure 13_SM - '"H NMR spectrum of compound 4e.
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Figure 14_SM — COSY spectrum of compound 4e.
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Figure 15_SM - Partial COSY spectrum of compound 4e.
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Figure 16_SM — 13C NMR spectrum of compound 4e.
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Figure 17_SM - Infra-red spectrum of compound 4e.



II - Photophysical characterization data
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Figure 18 SM - Absorption and normalized emission and excitation of compounds 4a (A), 4b (B), 4d (C)
and 4e (D) in CHCl; ([4a] = [4b] = [4d] = [4e] = 2.50 X 10°® M, Aexeqa = 602 nm and Aepmissaa = 728 nm;
Aexcap = 399 nm and Agmissap = 728 NM; Aeyeqqa = 601 nm and Aemissae = 727 NM; Aexede = 603 nm and Aepmissge =
731 nm) and emission of spectra in solid state at room temperature.



III - Metal ion titrations data
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Figure 19 _SM — Spectrophotometric (A, C, E and G) and spectrofluorimetric (B, D, F and H) titrations of
compounds 4a, 4b, 4¢ and 4e in chloroform as a function of added Zn>" in acetonitrile. The insets show the
absorption at 527 and 565 nm (A), 433 and 448 nm (C), 525 and 564 nm (E) and 526 and 564 nm (G); and
the normalized fluorescence intensity at 634 and 728 nm (B), 643 and 728 nm (D), 630, 671 and 728 nm
(F) and 642 and 731 nm (H) ([4a] = [4b] = [4c] = [4e] = 2.50 X 10°% M; Acxeqa = 548 nm, Aeyeqp = 542 nm,
Aexcae = 545 nm, Aexeqe = 545 nm).
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Figure 21_SM - Spectrophotometric (A and C) and spectrofluorimetric (B and D)
titrations of compound 4d in chloroform as a function of added Zn(NO;); and Zn(OTfY), in
acetonitrile. The insets show the absorption at 524 and 564 nm (A) and 526 and 670 nm
(C); and the normalized fluorescence intensity at 645, 671 and 728 nm (B and C) ([4d] =
2.50 X 10° M, Aexeaq = 549 nm).
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Figure 22_SM - Comparative fluorescence response of chemosensor 4d (2.50 x
10© M, Aexeaa = 549 nm) to Cu?*, Hg?*, Cd*" and Ag" (10 equiv.) in chloroform
after the addition of Zn(BF,),.xH,0 (1 equiv.).
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Figure 23 _SM - Comparative fluorescence response of chemosensor 4d (2.50 x 10 M,
Aexcad = 549 nm) to Pb?*, Cd**, Fe3*, Mg?*, AI¥*, Ca?*, Cr¥', Hg?", and Cu?*" (10 equiv.)
after the addition of Zn(NOs),.xH,0 (10 equiv.).
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Figure 24 SM - Comparative absorption and fluorescence response of chemosensor 4d in
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Figure 25 _SM - Spectrophotometric (A, C, E and G) and spectrofluorimetric (B, D, F and H) titrations of
compounds 4a, 4¢, 4d and 4e in chloroform as a function of added Cu?" in acetonitrile. The insets show the
absorption at 527 and 548 nm (A), 525 and 550 nm (C), 525 and 551 nm (E) and 414 and 438 nm (G); and
the normalized fluorescence intensity at 676 and 728 nm (B), 676 and 728 nm (D), 671 and 728 nm (F) and
673 and 731 nm (H) ([4a] = [4¢c] = [4d] = [4e] = 2.50 X 10 M; Aexeaa = 548 nm, Aeyese = 545 nm, Aexeqq =
549 nm, Aexcqe = 545 nm).
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Figure 26_SM - Spectrophotometric (A, C, E and G) and spectrofluorimetric (B, D, F and H) titrations of
compounds 4a, 4b, 4¢ and 4d in chloroform as a function of added Hg?* in acetonitrile. The insets show the
absorption at 435 and 449 nm (A), 433 and 452 nm (C), 435 and 453 nm (E) and 434 and 450 nm (G); and
the normalized fluorescence intensity at 676 and 728 nm (B), 669 and 728 nm (D), 671 and 728 nm (F) and
671 and 727 nm (H) ([4a] = [4b] = [4¢c] = [4e] = 2.50 X 1076 M; Aexeqa = 548 M, Aexeqp = 542 nM, Aexeqe =
545 nm, Aexcqq = 549 nm).
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Figure 27_SM - Spectrophotometric (A, C, E, G and I) and spectrofluorimetric (B, D, F, H and J)
titrations of compounds 4a, 4b, 4¢, 4d and 4e in chloroform as a function of added Cd?" in acetonitrile. The
insets show the absorption at 435 and 444 nm (A), 433 and 449 nm (C), 435 and 447 nm (E) 434 and 447
nm (G) and 438 and 479 nm (I); and the normalized fluorescence intensity at 676 nm (B), 669 and 728 nm
(D), 671 and 728 nm (F), 671 (H) and 673 nm (J) ([4a] = [4b] = [4c] = [4e] = 2.50 X 106 M; Aeyeaa = 548
NM, Aexeqp = 542 NM, Aexeqe = 545 NM, Aexeqqa = 549 NM, Aexeqe = 545 nm).
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Figure 28 SM - Spectrophotometric (A, C, E and G) and spectrofluorimetric (B, D, F and H) titrations of
compounds 4a, 4b, 4d and 4e in chloroform as a function of added Ag" in acetonitrile ([4a] = [4b] = [4d] =
[4e] =2.50 X 1070 M; Aeyesa = 548 N, Aeyeqn = 542 nM, Aeyeqa = 549 nm, Aeyeqe = 545 nm).
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Figure 29 _SM - Spectrophotometric (A, C, E, G, I and K) and spectrofluorimetric (B, D, F, H, J and L)
titrations of compound 4d in chloroform as a function of added Mg?" (A and B), Ca*" (C and D), Pb*" (E
and F), Cr** (G and H), Fe*" (I and J) and AI** (K and L) in acetonitrile. The insets show the absorption at
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the normalized fluorescence intensity at 671 nm (B, D, F, H, J and L) ([4d] = 2.50 x 10 M, Acxcaqa = 549
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Figure 30 SM - Job’s plot for the UV-Vis (A) and fluorescence emission (B)

titration profiles of compound 4a (2.50x10° M) with Zn** shows 1:1 (4a:Zn?")

complex stoichiometry: (A) with respect to 433 nm and (B) with respect to 634 nm.



Table 1_SM - Stability constants for chemosensor 4d in the presence of Zn(NO;),.xH,0,
Zl’l(OTf)z.XHzO Mg(OTf)zXHzO, Pb(OTf)2XH20, Ca(BF4)2, CI'(NO3)3.XH20, FC(NO3)3

and Al(NOs); in CHCI; for an interaction 1:1 (metal:ligand).

Compound

4d

Interaction (M:L)

ZI’IO\IO3)2.XH20
Zn(OTf),.xH,0

Mg(OTf),.xH,0
Ca(BF,),
Pb(OTH),.xH,0
Cr(NO3);.xH,0
Fe(NOs);
Al(NOs);

Y log B (Abs)

6.58 £ 1.07x1073
6.85 +2.07x1073

4.33 £3.45x10°3
5.75 +2.21x1073
7.45 +3.11x1073
5.33 +1.31x1073
5.83 £2.35x1073
5.94 + 1.84x1073

Y log B (Emiss)

6.54 £9.77x1072
6.81 +1.92x1072

2.78 £ 1.47x107?
5.74 + 8.70x10-3
7.54 £ 1.30x1072
5.39 +£5.39x10-
5.80 + 8.35x103
5.86 £2.19x107




Table 2_SM - Limits of detection (LOD) and quantification (LOQ) in ppb for
Zn**, Cu?*, Hg?", Cd*" and Ag" with compounds 4a-e.

Compound Metal ion LOD LOQ
Zn?* 160 + 10 240 + 10
4a Cuzr 150 + 10 950 + 10
He?" 60 + 10 260+ 10
Cd 270 + 10 1090 + 10
70> 80 + 10 240+ 10
4b Cuz* 70 + 10 270+ 10
Hg?" 230 + 10 430+ 10
Cd 270 + 10 550 + 10
70 160 + 10 240+ 10
de Cuzr 70 + 10 150 + 10
Hg' 190 + 10 330+ 10
Cd 180 + 10 410+ 10
Ag 380 + 10 780 = 10
ad Zn> 240 + 10 560 = 10
Cu?* 70 + 10 320+ 10
He?" 130 + 10 190 + 10
Cd 550 + 10 1090 + 10
de Zn>* 160 + 10 320+ 10
Cu?* 70 + 10 150 + 10
Hg?" 330+ 10 410+ 10

Cd** 140 + 10 270+ 10




IV - NMR titrations
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Figure 30_SM - 'H NMR spectra of 4¢ (2.5 x 10> mM) in CDClI; upon addition of

increasing amounts of Zn?* (from 0 to 3.5 equiv) in CD3CN.



V- MALDI-TOF-MS titrations data

Table 3_SM - Major peaks observed in the metal titration of chemosensor 4b followed
by MALDI-TOF-MS.

Metal Stoichiometry Dried-droplet Layer-by-Layer
(ligand:metal)
m/z  Relative intensity (%) m/z  Relative intensity (%)
_— - 74513 100.00 [4b+H]*
' 806.01 38.00 [(4b-2H)+Zn]**  745.15 100.00 [4b+H]*
1 74520  100.00 [4b+H]* 806.05 16.00 [(4b-2H)+Zn]*
' 806.10 91.00 [(4b-2H)+Zn]*"
Hg* 1:1 745.36 100.00 [4b+H]* 744.16 100.00 [4b]*
122 745.17  100.00 [4b+H]" 944.10  17.00 [(4b-2H)+Hg]**
100.00 [(4b-
2+ .
Cu Il 805.05 2H)+Cu]*” 74513 100.00 [4b+H]*
, 100.00 [(4b- 805.07  79.00 [(4b-2H)+Cu]*"
1:2 805.05 JH)+Cu]"
Cd?* 1:1 745.18 100.00 [4b+H]* 745.17 100.00 [4b+H]"
1:2 745.18 100.00 [4b+H]* 854.06  5.00 [(4b-4H)+Cd]*™
11 745.13 100.00 [4b+H]*
Agt ' 851.01 86.00 [(4b-H)+Ag]™  745.15 41.00 [4b+H]*
g 1 745.13 56.00 [4b+H]" 850.96  100.00 [(4b-H)+Ag]™
' 851.01 100.00 [(4b-H)+Ag]"
S 745,387 [4b+H]*
0 A‘L L IL i) L 1L P

g T L B B B
750 800 850 900

T
950

miz

Figure 31_SM - MALDI-TOF mass spectra of compound 4b.
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Figure 32_SM - MALDI-TOF mass spectra of compound 4b after titration with 1
equiv. (above) and 2 equiv. of Zn(BF,),.xH,0) (below) (dried-droplet method).
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Figure 33_SM - MALDI-TOF mass spectra of compound 4b after titration with 1
equiv. (above) and 2 equiv. of Hg(BF,),.xH,0) (below) (dried-droplet method).



El
s 205059 [(4b-2H)+Cul*
g ;
£
1000
&00
600
732022
400
200
0 e 4 J M l
e e L s e e e B e B N B
700 750 800 850 900 950
miz
E
@
i 205059 [(4b-2H)+Cu]*
40004
£
30004
20004
10001
9 732040
0 hh i I HW'L_.ALL " L.
——7 T T T T T T T T T T T T T T T T T T T
700 750 800 850 900 950
miz

Figure 34 SM - MALDI-TOF mass spectra of compound 4b after titration with 1
equiv. (above) and 2 equiv. of Cu(BF,),.xH,0) (below) (dried-droplet method).
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Figure 35_SM - MALDI-TOF mass spectra of compound 4b after titration with 1
equiv. (above) and 2 equiv. of Cd(BF,),.xH,0) (below) (dried-droplet method).
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Figure 36_SM - MALDI-TOF mass spectra of compound 4b after titration with 1
equiv. (above) and 2 equiv. of Ag(BF,4).xH,0) (below) (dried-droplet method).
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Figure 37_SM - MALDI-TOF mass spectra of compound 4b after titration with of
Zn(BF,4),.xH,0 (layer-by-layer method).
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Figure 38 SM. MALDI-TOF mass spectra of compound 4b after titration with of
Hg(BF,),.xH,0 (layer-by-layer method).
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Figure 39 _SM - MALDI-TOF mass spectra of compound 4b after titration with of
Cu(BF,),.xH,0 (layer-by-layer method).
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Figure 40_SM - MALDI-TOF mass spectra of compound 4b after titration with of
Cd(BF4),.xH,0 (layer-by-layer method).



x104

=3}
o
=}

964 [(4b-H)+Ag]*™

Intens. [aLl.]

i
o

100+

075

, 745 155 [Ab+H]'
0.50 i

025

0.00 PRI
h I sy B B L B e s S S e B B B
700 750 §00 850 900 950

miz

Figure 41 _SM - MALDI-TOF mass spectra of compound 4b after titration with of
Ag(BF,).xH,0 (layer-by-layer method).



Table 4 SM - Major peaks observed in the metal titration of chemosensor 4d followed

by MALDI-TOF-MS.

Metal Stoichiometry Dried-droplet Layer-by-Layer
(ligand:metal)
m/z Relative intensity (%) m/z Relative intensity (%)
72+ 1:1 775.17 100.00 [4d+H]*
) 836.08 41.00 [(4d-2H)+Zn]"™ 775.09 100.00 [4d+H]"
12 775.10 100.00 [4d+H]* 835.99 18.00 [(4d-3H)+Zn]"™
' 835.96 96.00 [(4d-3H)+Zn]"
Hg?* 1:1 775.26 100.00 [4d+H]* 775.11 100.00 [4d+H]*
1:2 775.26 100.00 [4d+H]* 974.03 17.00 [(4d-2H)+Hg]*
Cu 11 775.24 100.00 [4d+H]*
) 835.17 21.00 [(4d-2H)+Cu]*™"
235.09 100.00 [(4d- 775.09 100.00 [4d+H]*
12 ' 2H)+Cu]*™ 835.02  54.00 [(4d-2H)+Cu]™
' 857 13 35.00 [(4d-
' 3H)+Cu+H,O]™
a2 1:1 775.28 100.00 [4d+H]*
) 884.20 38.00 [(4d-4H)+Cd]" 775.09 100.00 [4d+H]*
12 775.28 100.00 [4d+H]* 883.95 17.00 [(4d-5H)+Cd]*™
) 884.20 41.00 [(4d-4H)+Cd]*"
1:1 775.19 100.00 [4d+H]*
Aot ) 881.07 68.00 [4d+Ag]™ 775.09 30.00 [4d+H]*
& 12 775.17 82.00 [4d+H]" 880.92  100.00 [(4d-H)+Ag]*
’ 881.05  100.00 [4d+Ag]*
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Figure 42_SM - MALDI-TOF mass spectra of compound 4d.
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Figure 43 SM - MALDI-TOF mass spectra of compound 4d after titration with 1
equiv. (above) and 2 equiv. of Zn(BF,),.xH,O (below) (dried-droplet method).
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Figure 44 SM - MALDI-TOF mass spectra of compound 4d after titration with 1
equiv. and 2 equiv. of Hg(BF,),.xH,O (dried-droplet method).
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Figure 45 SM - MALDI-TOF mass spectra of compound 4d after titration with 1
equiv. (above) and 2 equiv. of Cu(BF,),.xH,0 (below) (dried-droplet method).
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Figure 46_SM - MALDI-TOF mass spectra of compound 4d after titration with 1
equiv. (above) and 2 equiv. of Cd(BF,),.xH,0 (below) (dried-droplet method).
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Figure 47 SM - MALDI-TOF mass spectra of compound 4d after titration with 1
equiv. (above) and 2 equiv. of Ag(BF,4).xH,O (below) (dried-droplet method).
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Figure 48_SM - MALDI-TOF mass spectra of compound 4d after titration with of
Zn(BF,),.xH,0 (layer-by-layer method).
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Figure 49 _SM - MALDI-TOF mass spectra of compound 4d after titration with of
Hg(BF,4),.xH,0 (layer-by-layer method).
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Figure 50_SM - MALDI-TOF mass spectra of compound 4d after titration with of
Cu(BF4),.xH,0 (layer-by-layer method).
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Figure 51 _SM - MALDI-TOF mass spectra of compound 4d after titration with of
Cd(BF4),.xH,0 (layer-by-layer method).
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Figure 52_SM - MALDI-TOF mass spectra of compound 4d after titration with of
Ag(BF4).xH,0 (layer-by-layer method).
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Figure 53_SM - MALDI-TOF mass spectra of compound 4e.
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Figure 54 SM - MALDI-TOF mass spectra of compound 4e after titration with 2
equiv. of Zn(BF,),.xH,O (dried-droplet method).
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Figure 55 SM - MALDI-TOF mass spectra of compound 4e after titration with 1
equiv. and 2 equiv. of Hg(BF,),.xH,O (dried-droplet method).
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Figure 56_SM - MALDI-TOF mass spectra of compound 4e after titration with 1
equiv. (above) and 2 equiv. of Cu(BF,),.xH,0 (below) (dried-droplet method).
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Figure 57_SM - MALDI-TOF mass spectra of compound 4e after titration with 1
equiv. and 2 equiv. of Cd(BF,),.xH,O (dried-droplet method).



=
o
=

851968 [(4e-2H)+Ag]™

Intens. [au.]

~
e
I

110 [4e+H]*

L By B s B s s e e s B Sy B B B
700 750 §00 850 900 950

miz
5 %104
s 851,900 [(4e-2H)+Ag]*
s
2
@
E

20+

15

10

746,061 [4e+H]*

05+

004 " u ILILMI'

Oh T T T T T T T T T T T T T T T T T T T T T T T T T T T T

700 760 800 850 900 950
miz

Figure 58 SM - MALDI-TOF mass spectra of compound 4e after titration with 1
equiv. (above) and 2 equiv. of Ag(BF,4).xH,0 (below) (dried-droplet method).
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Figure 59 SM - MALDI-TOF mass spectra of compound 4e after titration with of
Zn(BF,),.xH,0 (layer-by-layer method).
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Figure 60 _SM - MALDI-TOF mass spectra of compound 4e after titration with of
Hg(BF,),.xH,0 (layer-by-layer method).
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Figure 61_SM - MALDI-TOF mass spectra of compound 4e after titration with of
Cu(BF,),.xH,0 (layer-by-layer method).
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Figure 62_SM - MALDI-TOF mass spectra of compound 4e after titration with of
Cd(BF,),.xH,0 (layer-by-layer method).
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Figure 63_SM - MALDI-TOF mass spectra of compound 4e after titration with of
Ag(BF4).xH,0 (layer-by-layer method).



