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S1. Experimental sections
S1.1 General Method & Instrumentations

Chemical reagents are purchased from Sigma Aldrich, India, and used without further
purification. Anhydrous solvents and HPLC spectroscopic grade were obtained from Merck,
India. 9, 10-phenanthrenequinone, 1-naphthaldehyde and trihexyltetradecylphosphonium
chloride ([TTP]CI) are purchased from Sigma-Aldrich, India. All the metal salts, anions, and
biologically relevant molecules used in the present study are purchased from Sigma-Aldrich
(India) and TCI (India), respectively. Dimethyl sulphoxide (DMSO-dy) is obtained from
Sigma-Aldrich, India, and wused for NMR spectral analysis. Quatro Micro API
(MICROMASS, UK), Ic-WATERS 2695 spectrometer having detector PDA2998,
ESI Negative with capillary voltage 3 kV, Cone -30 V and extractor-3 V employing source
and dissolving temperature -90°C and -250°C respectively using dissolving gas-450 Litre/hour
with flow rate-10 pL/min. UV-visible spectral studies are carried out on a HITACHI U-2910,
and fluorescence experiments are carried out on a HITACHI F-7100 fluorimeter with a 5 nm
excitation and emission slit, respectively. Throughout the steady-state emission experiment,
excitation and emission wavelengths are maintained at 370 nm and 390-720 nm, respectively.

The size and shape of the nBTNP are estimated by field emission scanning electron
microscopy (SEM) (ZEISS) employing an operating voltage of 50 kV by drop casting the
required amounts of nBTNP on the carbon-coated copper grids. The average particle size is
determined by considering the size of more than 100 particles. The hydrodynamic radius of
nBTNP is measured employing the dynamic light scattering (DLS) technique (Anton Paar
Litesizer 500). The zeta potential () of nanoparticles is also obtained by this instrument using
a capillary C-cell.

S1.2 General procedure for UV-visible and fluorescence experiments



The stock solutions of the sensor (23 uM), metal chloride solutions (1.2x 1073 M), and the
sodium & potassium salts of the anions (1.2x 103 M) were prepared in aqueous solution. The
fluorescence response of various anions (Cl1O4, F-, BPhy, SO4%, I, Cl, Br, CO3%, PO4*") and
metal ions (AI**, Ba?*, Ca%’, Cu?", K', Mn?*, Na*, Ni?*, Pb?*, Sn?*, Zn?") were investigated.
The probe's selectivity has been tested for all metal ions and anions using fluorescence
experiments. To 2 mL of the sensor, 33 uM of each metal ion solution was added and stirred
before fluorescence measurements. The fluorescence and UV-visible titrations were
performed using varying concentrations of metal ions and anion solutions.

S1.3 Measurement of fluorescence quantum yield
For the estimation of fluorescence quantum yield, we have considered the quinine sulfate
F\ (As\ (0
0 =0 —||— ||
as a standard in 1(N) H,SO, (®=0.546) !. Using the equation S(FS)(AX)(nSZ), where ®©
stands for quantum yield, F is the integrated fluorescence intensity, A is the absorbance, n
defines the refractive index of the solvent, subscript ‘s’ defines the standard quinine sulfate,
and x is the unknown one, we have calculated the quantum yield (®) of the nano-optode
nBTNP and nBTNP with Hg?".
Characterization of compound C: ("H NMR, DMSO-d;, 400 MHz, in ppm units): 11.93 (s,
1H, NH), 8.93 (d, 2H), 8.55 (d, 1H), 8.12 (d, 2H), 8.08 (d, 1H), 8.04 (d, 1H), 7.95 (d, 1H),
7.88 (dd, 2H), 7.82 (dd, 2H), 7.61 (dd, 1H), 7.55 (d, 2H) (Fig. S1).
Characterization of compound D: (‘"H NMR, DMSO-d,, 400 MHz, in ppm units): 8.90 (d,
2H), 8.38 (d, 1H), 8.32 (d, 1H), 8.10 (d, 2H), 8.08 (d, 1H), 7.93 (d, 1H), 7.9 (dd, 2H), 7.8 (dd,
2H), 7.79 (dd, 1H), 7.55 (d, 2H) (Fig. S3).
Characterization of BTNP: ('"H NMR, DMSO-d,, 400 MHz, in ppm units): 8.90 (d, 2H),

8.38 (d, 1H), 8.32 (d, 1H), 8.1 (d, 2H), 8.08 (d, 1H), 7.93 (d, 1H), 7.90 (dd, 2H), 7.80 (dd,



2H), 7.79 (dd, 1H), 7.55 (d, 2H), 2.22-0.88 (various m, 68 H) (Fig. S5). 3'P NMR (400 MHz,

DMSO-dg, o (ppm): 33.93 (Fig. S8).
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Fig. S1:'"H NMR spectrum (DMSO-ds, 400 MHz) of compound C.
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Fig. S2: HRMS spectra of compound C.
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Fig. S3:'H NMR spectrum (DMSO-ds, 400 MHz) of compound D.
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Fig. S4: LC-MS spectra of the negative component of compound D.
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Fig. S5: 'TH NMR spectrum (DMSO-ds, 400 MHz) of BTNP.
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Fig. S6: LC-MS spectra of the negative component of BTNP.
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Fig. S7: LC-MS spectra of the positive component of BTNP.
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Fig. S8:3'P NMR spectrum (DMSO-ds, 400 MHz) of BTNP.
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Fig. S9: (a) The normalized absorption spectra of compound C, D, and BTNP in DMSO. (b)

The normalized fluorescence spectra of compounds C, D, and BTNP in DMSO.
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Fig. S10: (a) UV-vis absorption spectra of BTNP in different percentages of water. (b)

Fluorescence spectra of BTNP in water-DMSO mixed solvents demonstrating ACQ.
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Fig. S11: (a) UV-vis absorption spectra of Compound C in different percentages of water. (b)

UV-vis absorption spectra of Compound D in different percentages of water.

7000 8000
b —00
(@) —) % (®) —10/:/
A
6000 — 10 Y%

o 20 %
20 % —30 %

40 %
—50 %

60 %
w70 %
— 380 %
—90 %
—100 %

7000 =

6000 =
5000 =
5000 =
4000 o
4000 =
3000 o
3000 =

2000 o
2000

Fluorescence Intensity (a.u.)

Fluorescence Intensity (a.u.)

1000 1000

0 r |
400 450 500 550 600 400 450 500 550 600

Wavelength (nm) Wavelength (nm)




Fig. S12: (a) Fluorescence spectra of Compound C in water-DMSO mixed solvents. (b)

Fluorescence spectra of Compound D in water-DMSO mixed solvents.
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Fig. S13: The relative frequency vs. zeta potential distribution curve for the determination of

the zeta potential of nBTNP.
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Fig. S14: UV-visible absorption spectra of nBTNP and nBTNP+Hg?>*.
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Fig. S15: The excitation spectra of nBTNP and nBTNP-Hg>".
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Fig. S16: The relative frequency vs. zeta potential distribution curve for the determination of

the zeta potential of the nBTNP-Hg?* system.
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Fig. S17: DLS analysis showing the size distribution of the nBTNP-Hg?" system.
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Fig. S18: (a) The impact of pH on photoluminosity of nBTNP with and without Hg?>" at 25
°C. (b) Temperature-dependent fluorescence study of nBTNP and nBTNP-Hg?* complex.

(¢) The linear calibration curve for calculating the AH and AS values.

Table S1. Absorption spectra in the UV-visible range and photoluminescence data of

compound C were measured in different media and expressed in nanometers.

Solvents Toluene THF DCM DMSO H,O
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(33.9)¢ (37.4)° (40.7) (45.1)° (53.7)°
Do DS 355 361 362 363 365

Y- 416 420 426 433 437

@ Numbers in the first brackets represent the micro-polarity values [Er (30)] ? of the
solvents. Aeye. = 350 nm.

Table S2. Absorption spectra in the UV-visible range and photoluminescence data of

compound D were measured in different media and expressed in nanometers.

Solvents Toluene THF DCM DMSO H,O
(33.9)2 (37.4)2 (40.7) (45.1)2 (53.7)2

M 358 360 362 363 364

Amax ™ 416 419 427 433 437

@ Numbers in the first brackets represent the micro-polarity values [Er (30)] ? of the
solvents. Aexe. = 350 nm.

Table S3: Determination of AG values at various temperatures.

Temperature(°C) AG (J mol)
15 -27418
25 -28370
35 -29322
45 -30274
55 -31226
65 -32178
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Table S4: Comparison with the detection limits of sensing Hg?* ions by various sensors

SIL Sensor Solvent | Senso | LOD LOQ | Portabil | Applicati | Ref.
N r type ity & on
0 cost-
effectivi
ty
1 Acetone | Turn- | 3x103 10x YES NA 3
\/\njjv s on nM 103
sy M
2 ? ACN Turn- | 16 nM | 53.3 NA Metal 4
o on nM ion
Yoy k@“@ sensor
~ (2 . (2 ~ and real
/ ~ sample
analysis
3 dioxane- | Turn- | 5x10° | 16.6% NA Metal 3
water off nM 103 ion
(1:3, v/v) nM sensor
solvent
4 MeCN- | Turn- | 30x103 | 100x NA Water 6
HEPES on nM 103 sample
9:1, nM analysis
v/V)
medium
5 o 1:1 (v/v) | Turn- | 2x10° | 6.66 NA Water 7
AN | acetonitri | on nM x103 sample
\N/©/\/\ le/HEPE nM
' S Buffer
(10mM,
pH 7.4)
6 O oot THF | Turn- | 17nM | 56.66 | YES Real 8
QQQ off nM sample
analysis
7 oy EtOH- | Turn- | 150nM | 500 | NA NA 9
O N_}_@ water on nM
O O (2/: 1,
N o N v/v
J C :
8 aqueous | Turn- | 90nM | 300 YES Paper- 10
Q O"O MeCN off nM test strip
Sl applicati
a98 on

12




9 CH;CN/ | Turn- | 1.08x | 3.60x | NA | Bioimagi | !
I |HOMWN| on |10°nM | 10° ng in
/\N@\/Oié i =3/7) nM living
solutions cells and
zebrafish
10 . i DMSO/ | Turn- | 0.90x | 3x103 | YES Water 12
L0~ H,O off | 10>°nM | nM sample
= (v/v=9/1)
O‘e buffered
by
50mMTr
1s-HCI at
pH=7.0.
11 —Q 50% Turn- | 0.40x1 | 1.33x | YES Real 13
/@A“ (1:1,v/v) | on 0° nM 103 sample
@:%6 H,0/DM nM analysis
Ao SO
12 < <) | DMSO- | Tumn- | 20.70 [69nM | YES Water 14
water on nM sample
N > ’ > S (1:1, analysis
v/V)
13 Q Mixture | Turn- | 17.20x | 56.76 | YES Paper- 15
TN M of THF off | 10°nM | x10° based
& and nM sensor
\ 7 . water
\\/o
14 ay & MeCN/H | Turn- | 6.90x | 23x NA Real- 16
A 5082 | on | 10°nM | 103 time
~ O . O Y v/v) nM monitori
J C ng
15 (Wi H,0: | Turn- | 22.50x | 75x NA NA 17
_ - EtOH=7: | off | 10°nM | 103
" 1, v/iv nM
16 Dioxane- | Turn- | 30x10° | 100x | NA NA 8
B H,O off nM 103
@ 9:1. vIv) nM
17 O g Acetate | Turn- | 15x103 | 50x NA NA 19
a o a buffer off nM 103
O‘O aqueous nM
o on 10%
DMSO
18 4 (@ Turn- | 18.10x | 60.33 | YES NA 20
I CH:CN- | on | 10°nM | x103
Ihj H,O nM
(1:1)

13




19| T J><» | Buffer- | Tum- | 36nM | 120 | YES NA 2
“ CH;CN on nM
(3:7, vlv,
10 mM,
v pH=7.4)
20 Q H,0 | Turn- | 0.06x1 | 0.20x | YES NA 2
= (pH= off | 0°nM 103
g “@}r 7.4) M
21 4 =~ i DMSO- | Ratio- | 1470 |[49nM | NA NA 23
& ) N_Q_Q_NH_N\ Water | metri nM
’ N (1:99, c
v/v,
HEPES
buffer
pH=7.2
22 O O Ethanol- | Ratio- | 45.40 | 151.3 NA Real 2
| . water metri nM 3nM sample
O O T (3:7) c analysis
23 Q ) Y™ | DMSO/T | Turn- | 31nM | 103.3 YES Real 25
—@—’/ E ris-HCl off 3nM sample
@ (8:2, v/v, analysis
pH=7.0)
24 - @ HEPES | Turn- | 50nM | 166.6 | YES Solid 26
J@(I\ T buffer off 7 nM sensor
EON 0" o (20 mM,
3.7
CH;CN/
H,0)
25 Ethanol- | Turn- | 17.80 | 59.33 | NA NA 27
@EQ water off nM nM
lI (6:4, v/V)
26 CH;CN- | Turn- | 145x% 478x% NA NA 28
H,O on 103nM | 103
(5:95, nM
V/V)
27 Aqueous | Turn- | 591.90 | 1.90x NA NA 29
(1% on nM 103
DMSO) nM

14




28 MeCN- | Turn- | 100 nM | 0.33x NA NA 30
water on 103
(1:1, nM
v/v)
29 MeOH- | Turn- | 7.38 24.60 NA NA 31
Tris-HC1 | off nM nM
(95:5,
v/v,
pH=7.2)
30 Aqueous | Turn- | 0.34x | 1.13x | YES Real- 32
medium | off | 103nM | 103 time
nM sensing
31 Aqueous | Ratio- | 0.19x | 0.63x | YES Real 33
medium | metri | 10°nM | 103 sample
C nM analysis
32 EtOH- | Turn- | 55nM | 183.3 NA NA 34
water on 0 nM
(5/5, vlv,
HEPES
pH =
7.4)
33 THF- | Ratio- | 0.31x | 1.03x NA NA 33
water metri | 10°nM | 103
(1:1, C nM
v/v)
34 HEPES | Turn- | 70 nM | 0.23x NA | biologica | 3¢
buffer/D | on 103 1 systems
MSO nM
(viv=9:
I,pH=
7.2)
35 PBS/EtO | Turn- | 9.10 | 30.33 NA Real 37
] ] HO:1, on nM nM sample
OY@O_Q_/ v/v) analysis
medium
36 HEPES | Turn- | 40nM | 133.3 NA NA 38
buffer on 0 nM
solution
(20 mM,
pH 7.4,
1%

15




0 EtOH)
37 | YN ACN Color | 9.22 30.73 NA Multiple 39
j@\\@’ i- nM nM metal
metri sensors
C
38 @[\)—@ methanol | Color | 47x10% | 156.6 | YES Real 40
o -water (1 i- nM 6x10° sample
?:Q 0 1) metri nM analysis
e mixture c
NI NS EtOH- | Tum- | 103 | 3433 | YES Real 4l
water on nM x103 sample
(1:1, nM analysis
v/V)
40 nBTNP 100% | Shifti | 9.6 nM | 31.68 | YES Real This
water ng nM sample | wor
and analysis k
turn-
on
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