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Figure S1. 'H-'H NOESY NMR spectrum of probe 1 (CDCls).
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Figure S2. Analysis of H-'H NOESY NMR spectrum of probe 1 (CDCls).
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Figure S3. 'H-'H COSY NMR spectrum of probe 1 in DMSO-ds.
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Figure S4. Analysis of H-'H COSY NMR spectrum of probe 1 in DMSO-ds.
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Figure S5. 13C-NMR spectra of probe 1 and compound 2 in CDCls.

Figure S6. Fluorescence spectra of probe 1 (10 uM, CH3CN) when excited in a range excitation
wavelength from 390 to 500 nm. Excitation at 470 nm (cyan) showed the maximum emission/

guantum yield.
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Figure S7. Fluorescence study of probe 1 solutions (5 M, ACN) upon addition of various metal
ions including Cu?*. (A) Luminescence image and (B) fluorescence spectra of probe 1 solution with
the different metal ions. (C) Fitting of the fluorescence titration data of probe 1 (5 uM, ACN) with
Cu?* (Is2s vs [Cu?*]). The inset shows the linear relationship at low [Cu?*] concentration. Points
and line represent experimental values and curve fit, respectively. (D) Fluorescence interference
of various metal ions (100 pM each) for the Cu?* (70 uM) detection of probe 1 (5 uM, ACN), Aex =
470 nm, Ex. Slit width = 2 mm, Em. Slit width =3 mm.
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Figure S8. (A) Fitting of the UV-Vis. titration data of probe 1 (50 uM, ACN) with Cu?* (A4zs) Vs
[Cu?*]). (B) Ratio-metric changes of the absorbance ratio (Aa13/Aazs) as a function of [Cu?*]. The
inset shows the linear relationship at low concentration range of Cu?*. Points and line represent
experimental values and non-linear fitting curve. The inset shows a linear fitting in low
concentration range of Cu?*.
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Figure S9. UV-Vis. interference of various metal ions (10 equiv. each) for Cu?* (10 eq.) detection

of probe 1 (50 uM, ACN).
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Figure S10. Fluorescence reversibility studies for Cu?* binding of probe 1 (5 pM, ACN). Upon
addition of EDTA (disodium ethylene diamine tetra-acetic acid), green luminescence was
completely recovered, indicating the dissociation of Cu?* from the probe (reversibility).
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Figure S11. Fluorescence spectral changes of probe 1 (5 uM) in various common solvents upon
addition of Cu?* (20 equiv.), Aex = 470 nm.
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Figure S12. Fluorescence spectral changes of probe 1 (5 uM) in different ratios of ACN and water
(binary mixture) in the absence (A) or presence of Cu?* (20 equiv.) (B). A, N, the numbers in the
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line designation stand for can, water, and water percentage of water in ACN (CH3CN), respectively,
Aex = 470 nm.
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Figure S13. (A) Fluorescence spectra of probe 1 (5 uM, HEPES (pH 7.4): ACN (1:4)) upon additions
of various metal ions. (B) Image of the probe solutions before and after addition of Cu?* under
365 nm irradiation. (C) Fluorescence interference of different metal ions (100 pM each) for Cu?*
(100 uM) detection of probe 1. Aex = 470 nm, Ex. Slit width = 2 mm, Em. Slit width =3 mm.
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Figure S14. Fitting of the titration data of probe 1 (5 uM, HEPES (pH 7.4): ACN (1:4)) with Cu?*.
Fluorescence intensity of the probe at 550 nm (/ss0) was used for this plot, Aex = 470 nm. Points
and line represent experimental values and non-linear fitting curve. The inset shows a linear

fitting in low concentration range of Cu?*.
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Figure S15. Linear plot between the fluorescence intensity (/sso) of probe 1 (5 uM, HEPES (pH 7.4):
ACN = 1:4) and [Cu?*]. The probe was excited at 470 nm (Aex) and the resulting fluorescence
intensity was measured at 550 nm (/sso).

Determination of a calculated LOD for Cu?* sensing of probe 1.

An LOD of the probe was calculated from the fluorescence titration data. The fluorescence
spectra of the probe were measured three times, and the standard deviation (o) of the blank
measurement was obtained. The slope (K) was obtained from the linear plot of the fluorescence
intensity of the probe at 550 nm (/ss0) as a function of [Cu?*].

LOD calculation for Cu?* detection
LOD= 3xo/K

0=0.2498, K = 146099 x10°
Detection Limit (LOD) = 3 x 0.2498/146099 x 103 =5.12 x 10°M =5.12 nM
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Table S1. LOD comparison of probe 1 with other previously reported probes for Cu?* detection.

S. No. Probe structure Detection limit Solution, Reference
in solution selectivity
(LODfiu,))
1. - 1.669 uM DMSO J. Photochem.
ST hotobio. A Ch
Y NG R, - 3+ Photobio. em.
: Cu™&Fe 442 (2023) 114796
Chmo
. '0” "NH '\I'R O
¥
@
2. VL 0.37 uM ACN J. Chem. Sci. (2022)
(,§Y \r/\‘//;j 134,43
\_/ "o I
3. 0.2 uM EtOH Dyes Pigments
174 (2020) 108092
4. 0.379 uMm MeOH/HEPES, Dyes Pigments
pH 7 (1:1) 197 (2022) 109845
Cu?*selective
Respond to Ni®*,
C02+, Zn2+, Cd2+
5. ol 0.303 uM CH3CN-H,0 (9:1)  Dyes Pigments
197 (2022) 109903
Cu?*and ( )
o TFA & TEA
6. b CH3CN-H,0 (9:1)  Spectrochim. Acta
HN /g ) - Part A Molecular
/I o (Not given) Cu® and and Biomolecular
g PNES Spectroscopy 293
™ (2023) 122471
7. 0.194 pM CH3CN-H,0 (7:3) J. Photochem.

Photobio. A Chem.
441 (2023) 114750
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8. 6.33 uM MeOH Spectrochim. Acta
Part A Mol. Bio.r
Spec. 295 (2023)
122618
9. 84 nM CH3CN:HEPES J. Photochem.
(1:1, v/v) Photobio. A Chem.
437 (2023) 114460
10. 0.59-0.98 uM EtOH:Tris HCI Dyes Pigments
buffer (9:1) 196 (2021) 109795
Cu?*, Zn?*, Co%*,
only colorimetric
11. 24.4 nM CH3CN:HEPES Sensors &
Y3 (1:1) Actuators: B.
N OH N Chemical 337
2+ 2+ -
Hj)/ . U™ 2, SN (2021) 129785
@/'N P,07*, DNA,
sensing
12. . 0.1 uM water/EtOH (1:1, Dyes Pigments
OO ‘aY, HEPES)pH 7.4 173 (2020) 107916
13. E ? g 0.21 pM CH3CN-H,0 (3:7)  Sens. Actuators B
. o ° pH 7.0 (HEPES) _
N @ ] 7 N . 0] ) @ N 282 (2019) 730
742
14. 8.2x 10%M DMF-H,0 (1:1) Dyes Pigments
Tris-HCI buffer 161 (2019) 331-
340.
pH7.3
15. 2x10%M EtOH-H,0 (1:1) Sens. Actuators B

288 (2019) 27-37
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16. 10 uM MeOH: H,0 RSC Adv. 5 (2015)
12644-12654
(8:2)
17. i S 0.84 uM EtOH/HEPES Anal. Chem. 86
_’myi o, (9/1, v/v, pH 7.0) (2014)
5353—5359
18. O o 1012 M DMF/H,0 Anal. Chim. Acta
1061 (2019) 161-
I \ °¥ oz (9/1, v/v) (2019)
) 168
19. C@\(u 1.12 nM (calc.) DMSO/H;0, (9/1)  Dyes Pigments
OOy 170 (2019) 107651
3 ”m 0.05 uM (obs.)
20. ZnS microhybrid particles 1um THT Dyes and
constructed from interfacial Pigments 172
coordination bridge of (2020) 107831
thiocyanate
21. 1.47 uM MeOH New J. Chem. 43
(2019) 16050--
16057
22, :F FFF 4.1x108 M MeOH Dyes Pigments
(3.1 ~ °i@ 161 (2019) 3443
23. {}\(3 . 0.5 uM MeOH Dyes Pigments
e ;thi 161 (2019) 252-
L Va0 260
o
[(CF3-bt)2Ir(bp-DPA)|PFs
24, 0.53 uM CHsCN Dyes and

Pigments 161
(2019) 162-171
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R THF Dye Pigments 173

25. 83 2.0 pM
. . 2020) 107914.
I_{-@g (2020)

OH

1

26. ® :_N\/Q[OC*G“M 0.829 nM. Cyclohexanol Dyes Pigments
- 192 (2021) 109436
oo oW 2020
N J
27. 5% e 0.395 uM DMSO Dyes Pigments
Ig%m@% ==y 195 (2021) 109752
e w0 0 Arginine, Cu?
only colorimetric
28. 0.45 uM CHsCN Dyes Pigments 213
(2023) 111180
CU2+, Fe3+, Zn2+
29. 0.5 uM (obs.)  HEPES:ACN (1:4) Present work

5.12 nM (calc.)
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Figure S16. Plot of the fluorescence intensity of probe 1 (5 uM) at 550 nm (Is50) as a function of

[Cu?*] in three different media (tap water (W), sea water (SeaW), and drain water from a lake
(DrainW)). The data were obtained from titration experiments of the probe with Cu?*. Points and
lines are the experimental values and a linear relationship fit, respectively. The Inset shows
magnification of linear relationship showing a limit of detection (LOD) of 0.5 uM for Cu?* sensing
in all three cases.
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Figure S17. 'H-NMR of titration of probe 1 with Cu?*(ClO4),.6H,0 (DMSO-ds).
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Figure S18. Energy-minimized model structures of probe 1 and its complex with Cu?* obtained
from DFT calculations at the B3LYP/6-31G* level; color coding: C = yellow, N = sky blue (cyan), O
= red, Cu?* = green, and H = light purple.

Figure $19. Energy-minimized structures of [probe 1-Cu?*] at different angle views obtained from
DFT calculations at the B3LYP/6-31G* level; color coding: C = yellow, N = sky blue (cyan), O =red,
Cu?* = green, and H = light purple.
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Probe 1 - [1-Cu?] J

Figure S20. Electrostatic potential map of probe 1 and [1-Cu?*] obtained from DFT calculations at

the B3LYP/6-31G* level; color coding: C = yellow, N = sky blue (cyan), O = red, Cu®* = green, and
H = light purple.
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Figure S21. Viability of Hela Cells incubated with probe 1 at a range of concentrations (0-20 uM).

S14



98% "'T—

9eT"
£68°
092"
9ee”
6€€”
LSE"
65€"
E1§"
€ES”
€SS"
0LS"
ZLS"
9gL”
owL”
LSL"
09L"
SLL”
6LL"
= 12€°
I €2E"
pove”
i 22
¥ 20§

L

'H-NMR spectrum of probe 2 in CDCl; (full)

n

(=4
(=
—

g

(=
o

]

(=}
-

o
<
-

i

<
o

TSNS

I o S S e i i i el ol T )

921"

£68°

09¢”’
9gg”
6£E"
LSE”
69E"°
£€I8°
£€q”
£689°
0LS”
cLS’
9EL”
o¥L”
LSL”
09L”
SLL®
6LL"
Y4
gee”
ove”
LEVE”
< 208 °
SR AAR

L GES”
< 15§

S15

ppm

e

-

-

&‘

6.0
'H-NMR spectrum of probe 2 in CDCls (partial)

6.5

7.0

7.5

Ty

[oadpiec e Jes Qoo J e Jv o Je R0 O B wu il wu el e B B o 2l S e e Sl Sd

e N A




09z"
9gg”
6£€C"
LSE"
65€"°

ETS”
EES”
£9S9”
0LS”
ZLS”
9eL”
o¥L”
LSL”
ogL”
SLL”
6LL"

i

87 86 85 84 83 82 8.1

Ppm

80 79 78 77 76 75 74 13 72

[

[} [=3
Q’/ Wo
o™ -

=

N
(=]
—

j

'H-NMR spectrum of probe 2 in CDCl; (aromatic region)

-

[
o
-

.

(=4
(=
3]

‘\‘

AK-13-C-MES—-ANA

Ve’

¥eo-

ET6°
1€2’
8¥G”
86C"

679"
0T6 "
0€6 "
¥S8°
£96°
€00°
LOT"
Z16”’
£68°
819"
Sys”
99§°
69L°

T€0°

918"’

69

8 —

97 —

‘28T —

.L..L_L_JMJ_J.._L_.._J_..W

| T | | T | | T | | T |
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

ppm

13C-NMR spectrum of probe 2 in CDCls (full)

S16



AK-13-C-MES—-ANA

182.692
—166.816
—159.031
136.769
135.566
126.003
125.963
123.854
120.930
T™~117.910
107.649

N
N

| T T | | T T | | T T T | | T T | |
185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 ppm

13C-NMR spectrum of probe 2 in CDCls (partial)

S17



[ Mass Spectrum ]

Data : 3-C22H20N204 Date : 22-Oct-2019 11:38
Instrument : MStation

Sample : -

Inlet : Direct lon Mode : FAB+

Spectrum Type : Normal lon [EF-Linear]

(%]
293056
100

!

40

20

377.1499

L,

0- rrr;rr»b»r‘hh_.rr Lol

JUTSH VY VTS UOUIIY SO

400

HRMS of compound 2

518



{ Mass Spectrum ]
Data : 3-C22H20N204
Instrument : MStation
Sample : -
Inlet : Direct

Date : 22-Oct-2019 11:38

lon Mode : FAB+

Spectrum Type : Normal lon [EF-Linear]

{%

]

293056
100+

20-

0-

|
”
|

o m 1»';11!?..,)?

365

It it 4.» ﬂb B e e i}l -
375

370

377.1499

m
I
i

HRMS of compound 2

519



AK-Tri-Bu—-ANA

£
[-%
o
zze' T :
wpm.ﬁl/f s 208
9FY T = 2 Noes
785 T A
092"
600°2— S 08z’
z8z"
o oog”
- o zog"
o =
] = L0G"
= LZ5"
[0 O L¥S"
© w £55°
. zLS"
Mmmmv —— [ 980 S 186"
< - 885"
V 009"
[0 rs
806 ¥ < bt
. o
156 w/ .
560G % —— | o 860 O
ter-e ] = |22 §
‘ >
Nmﬁ‘m\ ) b=
. W — A [
909 'G—~ —_— 60 O
159°§ o 2
09Z°L s o
082" L =
z8z" L o <
00€" L ] =
ZOE" L
LOS "L Lo
LZS' L ™~
LFS L =860 .
€65 L w |H Umc; bom.
ZLS L SN « 60€°
. = 9gg
185" L < eze-
885 L L < 5 .
009" L © 7 69¢
L0c° 8 ~00'L LotLe:
60€°8 ] Lo e ﬂrwmm.
e “re

S20

7.1 ppm

7.2

f

w0
o
-

7.5

A

w0
[}
-

'H-NMR spectrum of probe 1 in CDCl; (aromatic region)

Wl

7.8

T T
8.0 7.9

8.1

8.2

!

(=3
(=)
-

8.3

]

-
o
-




AK-Tri-Bu—-ANA
0

N WX ~ o =) < W0 OeN
n o @0 mowmo ~m o o <~ N
(Yo JaVe] OO0 [=) 0N} o 0 <t ;nm
n nwnwnwn <t © m N A

=

T T T T T T T T T 1
5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 ppm

™~ & @ o] ©(eo|¢
a ! b b Qe
o o S (=) olwlo

'H-NMR spectrum of probe 1 in CDCl; (aliphatic region)

AK-TEst—-ANA-cosy

N OWOYWANANODOVLODOAHIO N NWNO AT O +HY [)] AN O YA o~ -
WOoWwWWOULMNMNNAHOLW A OV NN O (%] - -HHOO (SIS Ts]
A A AN OO0 WCMONAHO0O0 N (] w1 1w < 0N
WOWOoIMM>~Ir~>r~r~~~r~ NWOWLWwwwmwn < (0] NNANNN =

I Lo

T T T T T T T T T T T T T T T T T 1
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

2=l |22 QU Q<
-l L8 o - *ololo

'H-NMR spectrum of probe 1 in DMSO-ds (full)

(=3 (=3
S S

-

-

S21



AK-TEst-ANA-cosy

R
-y
\ 182" T —_ <t
m. :m.a\ iju _ro's
e 0Er ' T— 1« _£66
-
[ w
M~
=
Re)
ao o
6T9°L -~ et o
|/
0v9 " L~ /2: o
. +
80L'L = .
9TL L [~ 5 90S°C o
9zL LY ~ = 01s°c o
. V 80°€ © SIS°Z
0SL’ L — W
wmb.p\ ) / .ﬁw 615°C
6VL L [ o d
~ v
S o
a (o]
Lo £
M~ [ . \M
6EE°E—
)
8 |
(o]
o S
° 5
£
- 2 L2
991°8 ) 96T ¥ — -~
891°8 \ e v v — M 00°L
S8T 8~ o'l o
L8T 8" o “ S 0
8vZ'8 > T o
LSZ'8 M ©
652°8 vO'L 0
Nwm.m\ o / - o
TLZ'8 F o = .
Z 050°S o
5 wmo.m/ Fg
W LZT G — £le
£ =
L a H:.m“ ]
o 092°G 00°L
=& mom.m\

S22

'H-NMR spectrum of probe 1 in DMSO-dg (aliphatic region)



AK-Tri-Bu-Ester—-ANA-13C

§20°
98T"

865"

8LF"

SO9T"
ET6 "
oee”
87s-
¢IT”
9v6”
L0z

99T
LS
588"
999"
L
9FL”
926"’
697"
919"
61E"’
96€ "’
09¢’
9¢0°

0L9"

L86 "
IRAN
LIZ”

979 -

MM“‘MWMJLMMM

170

180

70 60 50 40 ppm

150 140 130 120 110 100 90 &80

160

13C-NMR spectrum of probe 1 in CDCls (full)
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13C-NMR spectrum of probe 1 in CDCls (aliphatic region)
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[ Mass Spectrum ]

Data : 2023-DA-1843_TEST Date : 07-Dec-2023 15:09
Instrument : MStation

Sample : ~

Inlet : Direct lon Mode : FAB+

Spectrum Type : Normal lon [EF-Linear]
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[ Mass Spectrum ]

Data : 2023-DA-1 843 TEST
Instrument : MStation
Sample : —

Inlet : Direct lon Mode : FAB+
Spectrum Type : Normal fon [EF-Linear]

Date : 07-Dec-2023 15:09
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