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Experimental section

Materials and methods

The common reagents and solvents were acquired from Merck, Qualigens and S. D. Fine
Chem. Ltd, Mumbai. Solvents were dried and distilled following the standard procedures
prior to their use.! 4-(pyridin-4-yl)benzaldehyde, 2-aminophenylbenzimidazole and metal
nitrates viz., NaNOjz;, KNO;, Ca(NO;),'4H,O, Mg(NO3),'6H,0, AI(NO;),'9H,0,
Fe(NO3);9H,0, Co(NOs),'6H,0, Ni(NO;),:6H,0, Cu(NO3),:3H,0, Zn(NO;),:6H,0,
Cd(NO3),-4H,0, AgNO;, Pb(NO;), and Hg(NO;),H,O were obtained from commercial

sources and used without further purifications.

Elemental analyses for C, H and N were performed on a CE-440 Elemental Analyzer.
Infrared and electronic absorption spectra were obtained on a Perkin-Elmer Spectrum
Version 10.03.05 FT-IR and Shimadzu UV-1601 spectrophotometers, respectively. 'H (300
MHz) and '3C (75.45 MHz) NMR spectra were obtained on a JEOL AL300 FT-NMR
spectrometer using tetramethylsilane (Si(CHs;),) as an internal reference. Fluorescence spectra
were recorded on a PerkinElmer LS 55, Fluorescence Spectrometer (U.K.). Electrospray
ionization mass spectrometric (ESI-MS) data were obtained on a JEOL Accu TOF JMS-T100

LC mass spectrometer.

Synthesis of 6-(4-(pyridin-4-yl)phenyl)-5,6-dihydrobenzo[4,5]imidazo[1,2-c]quinazoline
1)

An ethanolic solution of 4-(pyridin-4-yl)benzaldehyde (2.0 mmol, 10 mL) was added to a
stirring solution of 2-(2-aminophenyl)-1-benzimidazole (2.0 mmol) dissolved in the same
solvent (20 mL) and the contents of the flask was heated under reflux for 10 h. After cooling
to ambient temperature, it was concentrated at reduced pressure to half its volume and kept
undisturbed at rt. The microcrystalline compound thus obtained was separated by filtration,
washed with cold ethanol followed by diethylether. Yield (0.605 g, 81%). Analytical data:
calced. CysHgNy (374.43): C, 80.19; H, 4.85; N, 14.96, Found: C, 80.09; H, 4.76; N, 14.85.
FT-IR (KBr; cm™): 3219 (m), 1612 (s), 1597 (vs), 1533 (m), 1504 (vs), 1474 (vs), 1447 (m),
1405 (m), 1384 (s), 1320 (w), 1284 (vs), 1257 (m), 807 (s), 751 (s), 733 (vs). 'H NMR
(DMSO-dg, 300 MHz, oy, ppm): 8.57 (d, 2H); 7.97 (d, 1H); 7.72-7.59 (m, 2H); 7.35-7.11 (m,
6H); 6.87-6.80 (m, 2H). *C NMR (DMSO-ds, 75 MHz, d¢c, ppm): 150.1, 146.8, 146.2,
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143.8, 142.9, 141.4, 137.6, 132.8, 131.7, 127.3, 126.5, 124.6, 122.3, 122.1, 121.1, 118.7,
114.9,111.80, 110.4, 67.1. HRMS (m/z): 375.1603 (caled 375.1610); [M+H]".

Absorption and Emission Studies

Stock solution of 1 for the electronic absorption/emission studies was prepared in EtOH/H,0O
(1:99, v/v; ¢, 10 uM). The solution of various metal ions (Na*, K*, Mg?*, Ca?*, AP, Fe3",
Co?", Ni%*, Cu?*, Zn?*, Cd*', Hg*", Ag" and Pb?") were prepared by dissolving their nitrate
salts in triple distilled (TD) water (c; 10 mM). For the titration experiments 3.0 mL solution
of 1 (10 uM) was taken in a quartz cuvette (path length 1 cm) and solution of the metal ions
were gradually added with the help of a micro pipette. In titration experiments time interval
was maintained as 2 minute for addition of each fraction of metal ions to make a complete

reaction between 1 and analytes.
Calculation of limit of detection (LOD)

Quantitative responses of 1 toward Hg?* and A" were investigated using linear calibration
plots from fluorescence spectral studies. Dynamic range for determination of LOD for these
ions has been found to be linear. The LOD has been evaluated using 3o/s, where o is the

standard deviation of the blank signals and s is the slope of the linear calibration plot.
Theoretical Calculation

Molecular structure of 1, 1+Hg?" and 1+Al’" were designed using ChemBioDraw Ultra
software and 3D views of these structures were optimized by minimizing energy of the
molecule using MM2 mode in the same software. The optimization and energy calculations
for these were performed on Gaussian09 with a density functional theory (DFT) in the
B3LYP mode in the ground state.> The basis set 6-31G(d,p) has been used for all the light
atoms (C, H, N, O) while LANL2DZ for the metal atoms (Al, Hg) with an effective-core

pseudo-potential.#
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Fig. S1 '"H NMR spectrum with labelling of some characteristic protons of 1.
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Fig. S2 3C NMR spectrum of 1.
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Fig. S4 UV/vis and fluorescence spectra of 1.
S5



Absorbance
o
N
1

0.1-

0.0

700 -

[22] [=2]
(= (=
o o
M

Intensity (a.u.)
B
o
o

N w
(= (=
o o
1

100

250

_- 1+other metals

350 400 450 500
Wavelength (nm)

300

\

450 500 550 600
Wavelenght (nm)

400

Fig. S5 UV/vis (a) and fluorescence (b) spectral changes for 1 in presence of 10 equiv. of

various metal ions viz., Na*, K*, Mg?*, Ca?", AI’*, Fe**, Co?", Ni**, Cu?*, Zn*', Cd*', Hg*",

Ag"and Pb?",

S6



(a)

ot
w

Absorbance
o

1 + Various anions

0.0 T
300
125
100
75

50 -

Intensity (a.u.)

251

400
Wavelength (nm)

350 400 450

500

Wavelength (nm)

550

Fig. S6 UV/vis (a) and fluorescence (b) spectral changes for 1 in presence of 10 equiv. of
various anions viz. F~, CI", Br, I, SO4%", S2-, HSO,4~, SO327, S,0527, S,0427, COs%, NO,,
NO;™ and PO437.

Intensity

500

B

o

o
!

w

(=]

o
1

N

[=]

(=]
]

-
(=3
o

*
*****
**

S7

Tk ok ok ok ok ok kok ok kK

KKK 750+
**
*
o 600
*
x* £ 450
* c
* N
** = 300
**** *
o ** ****** 150 -
* %
T T T T T 0
0 1 2 3 4
Hg* equiv.

0 2

. ) 6 8
Al equiv.



(a) (b)

Fig. S7 Ratiometric fluorescence response of 1 at 425 nm (blue star showing quenching

behaviour), and 482 nm (red star showing enhancement) with the addition of Hg?* (a) and

A" ions (b).
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Fig. S8 Bar diagram showing the fluorescence intensity ratio (I4go/1425) for 1 in absence (0)
and presence of various metal ions viz., [Na®, (1); K, (2); Mg?*, (3); Ca?*, (4); Fe", (5); Co?",
(6); Ni**, (7); Cu**, (8); Zn*', (9); Cd*", (10); Ag", (11); AP*, (12); Hg*", (13) and Pb*, (14)].
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Fig. S9 Job’s plot analysis illustrating 1:1 stoichiometry for complex 1 with Hg?" (a) and AI**

(b) by the fluorescence spectra.
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Fig. S10 Plot of A(I-Iy) vs. [Hg?"] with [1] = 10 uM for the calculation of lowest detection
limit: plot for varying [Hg?'] of 0.0-1.0x10 M, (a); and same plot to show the lower
concentration for Hg?* which shows the linear part of the plot and is used for determining the
lowest detectable concentration of Hg?* (6.0 x 10-®) (b); and the LOD for Hg?" has been

calculated by standard analytical method using equation 3¢/s and found to be 1.69 x 108 M.
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Fig. S11 Plot of A(I-Ip) vs. [AI’*] with [1] = 10 uM for the calculation of lowest detection

limit: plot for varying [AI’*] of 0.0-1.0x10° M, (a); and same plot to show the lower

concentration for A1** which shows the linear part of the plot and is used for determining the

lowest detectable concentration of AIP* (4.0 x 1077) (b); and the LOD for AI** has been

calculated by standard analytical method using equation 3o/s and found to be 1.44 x 10~7 M.
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Fig. S12 Reversibility and reusability of the probe 1 showing by absorption spectra of 1 +

Hg?* (a), and 1 + A’ (b) in presence and absence of EDTA (~10.0 equiv).
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Fig. S13 Reversibility and reusability of the probe 1 showing by emission spectra of 1 + Hg?"
(a) and 1 + AI** (b) in presence and absence of EDTA (~10.0 equiv).
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Fig. S14 UV/vis spectral changes for 1 with Hg?" (a) and AIP* (b) in presence of the
interference of various metal ions viz., Na*, K*, Mg?*, Ca**, AI**, Fe**, Co?", Ni**, Cu?*, Zn*",

Cd*', Ag*and Pb?".
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Fig. S15 Fluorescence spectral changes for 1-Hg?* (a) and 1-AI** (b) in presence of the
interference of various metal ions viz., Na*, K*, Mg?*, Ca%*, AI’', Fe3*, Co?", Ni**, Cu?*, Zn?",

Cd**, Ag*and Pb?".

A% 1+M+Al
¥ & Qe,x . 1+M+Hg
¢ é(\' 1+M
x
Y
x
¥ &

Fig. S16 Bar diagram showing the fluorescence spectral changes at 482 nm for 1 with Hg>"
and AI’" in presence of the interference of various metal ions viz., Na*, K, Mg?*, Ca?*, AI*,
Fe3*, Co?*, Ni%*, Cu?*, Zn?**, Cd**, Ag" and Pb?"; [blue pyramid, 1; red cylinder, 1 + various
metal ions; green cone, 1 + Hg?" + other metal ions and purple rod, 1 + AI3* + other metal

ions].
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Fig. S17 Benesi—Hildebrand plot for PPC and Hg?' to calculate the binding constant
(K=4.12 x 10%).
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Fig. S18 Benesi—Hildebrand plot for PPC and A3" to calculate the binding constant (K,=2.45
x 103).

S13



175

0.4+,
1504 pH 7.19 -4.37
. 0.3 ;- 125 -
o &
s >100
502 5
-]
2 g 75-
< =
0.4 50 -
25-
0 o === —
250 300 350 400 450 500 400 450 500 550
Wavelength (nm) Wavelength (nm)
(a) (b)

Fig. S19 UV/vis (a) and Fluorescence (b) titration plot for 1 (¢, 10 #zM) with 0.1 M HCI.
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Fig. S20 '"H NMR spectral titration showing the changes in absence (a) and presence of Hg?"
(1.0 equiv) (b), AI** (3.0 equiv) (c¢), and Hg?" (1.0 equiv) added in the solution of 1+Al** (3.0
equiv) (d). Ha (red star) and Hd protons (blue star) showing the changes in presence of Hg>*
(1.0 equiv) and AI** (3.0 equiv).
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Fig. S21 'H NMR spectral titration of 1 with various amount of Hg?* 0.0 equiv (a), 0.25 equiv
(b), 0.50 equiv (c), 0.75 equiv (d), and 1.0 equiv (e). Arrow shows the changes mainly
appeared in protons Ha and Hd. In the spectra proton Hf is continually decreases and finally

vanished (spectra a-e).
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Fig. S23 ESI-MS of the (1 + Hg?") adduct.
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Fig. S24 ESI-MS of the (1 + Al**) adduct.
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Fig. S25 Optimized structure of 1 (a), 1+Hg>" monomer unit (b), 1+Hg?" polymeric structure
(¢), and 1+AI** (d).
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Table S1 Comparison table for the fluorescent probes for the detection in Hg?".

Probe Selectivity Binding LOD Reference
constant M)
M-
Imidazo-quinazoline 6-(4- | Ratiometric | Hg?", AI¥* | 4.12 x 10* | 1.69 x 10°® | Present
(pyridin-4-yl)-phenyl)-5,6- | Fluorescence manuscript
dihydrobenzo- “turn on”
[4,5]imidazo-[1,2-c]
quinazoline (1)
6-Ferrocenyl-5,6- Fluorescence | Hg?* 1.39 x 10* | Notgiven | Inorg. Chem.
dihydro[4,5]imidazo[1,2- “turn off” 2012,
c]-quinazoline (4) 51,298-311
Thiophen-2-yl-5,6- Fluorescence | Hg?* 0.004 x 10* | 2.0 x 1077 | Tetrahedron
dihydrobenzo[4,5]imidazo[ | “turn off” Lett., 2012, 53,
1,2-c]quinazo- line (1) 3550-3555
Compound QG Fluorescence | Hg?* 7.14x10* | 0.5x10° | Chem.
“turn on” Commun.,
2006, 4392-
4394.
Bispyrene based receptor Fluorescence | Hg?* 3.38 x 101 | 7.08 x 106 | Analyst, 2010,
“turn on” 135, 1600—
1605
Naphthalimide substituted | Fluorescence | Hg?* Not given | 3 x 108 Chem. Eur. J.
probe “turn on” 2012, 18,
11188 - 11191
Tren-based rhodamine | Fluorescence | Hg?* 1.59 x 10¢ | Not given Org. Letts.,
derivative “turn on” 2007 9, 2501-
2504
Naphthalimide-rhodamine- | Ratiometric | Hg?* Not given Not given Org. Biomol.
based dyad 1 Fluorescence Chem., 2012,
“turn on” 10, 80768081
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Table S2 Comparison table for the fluorescent probes for the detection in AI3*.

Probe Selectivity | Binding LOD Reference
constant ™M)
(M™)
Imidazo-quinazoline ~ 6-(4- | Ratiometric | Hg?", AI** | 2.45x 103 | 1.44 x 1077 | Present
(pyridin-4-yl)-phenyl)-5,6- Fluorescence manuscript
dihydrobenzo-[4,5]imidazo- | “turn on”
[1,2-c] quinazoline (1)
Rhodamine 6G derivative | Fluorescence | A" 3.14 x 10° | 3.26 x 10°® | Dalton Trans.,
(L) “turn on” 2014, 43,
12624-12632
Tetrazole derivative (H,L) Fluorescence | AI** 1.02 x 10* | 5.86 x 10°° | Dalton Trans.,
“turn on” 2014, 43,
64296435
8-acetyl-7-hydroxy-4- Fluorescence | AIP* - - Dalton Trans.,
methylcoumarin (AHMC) “turn on” 2014, 43,
2741-2743
Benzimidazole Salen (H,L) | Fluorescence | A" 8.08 3.3 x 107% | Inorg. Chem.
“turn on” (MeOH) 2014, 53,
5.25 x 107 | 3012- 3021
(DMSO)
Schiff-base derivatives (L) Fluorescence | AI** - 8.8 x 108 Org. Biomol.
“turn on” Chem., 2010,
8,3751-3757
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