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Experimental

Materials and measurements

All of the reagents and solvents were commercially available and used 

henceforth. Perkin-Elmer Lamda-25 UV–Vis spectrophotometer was used to 

achieve the absorption spectra which were recorded using quartz cuvette of path 

length 10 mm in the range 250–450 nm wavelengths. The emission spectra were 

obtained through a Horiba Fluoromax-4 spectrofluorometer. The mass spectra 

of L were obtained using an Agilent Technologies 6520 Accurate mass 

spectrometer. The infrared spectra were recorded on a Perkin-Elmer Spectrum 

One FT-IR spectrometer with KBr pellets in the range 4000–400 cm−1. NMR 

spectra were recorded and documented on a Varian FT-400 MHz and a Bruker 

600 MHz instruments. Parts per million (ppm) were used to represent the 

chemical shifts value on the delta scale. The abbreviated vocabularies were used 

to describe spin multiplicities in 1HNMR spectra viz. ‘s’ for singlet; ‘d’ for 

doublet; ‘t’ for triplet; ‘m’ for multiplet. 

Study of Optical properties of the probe L

For UV-vis study, stock solutions of the receptor and the other ions were 

prepared independently. The stock solution of L (5 x10-3 mol L-1) was prepared 

in DMSO while the stock solutions of different anions (50 × 10-3 mol L-1) were 

prepared in acetonitrile using their corresponding tetrabutyl/tetraethyl or sodium 

salts. For fluorescence titration, a similar concentration of the receptor, as well 

as anion solutions, were followed and prepared separately. Emission spectra 

were recorded with ex = 285 nm using quartz cuvettes of 10 mm path length 

with a slit width of 3 nm at 298 K. For the competition study, emission spectra 

of the receptor L with were recorded individually in the presence of F¯ and 

other anions. An effective concentration of 10.0 M receptor L was used for the 
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emission titration studies with F¯ solution while varying concentration between 

0 and 60 M were taken as the effective F¯ concentrations for the titration 

studies. Job’s plot was achieved using fluorescence emission measurements. 

The detection limit (LOD) was estimated based on the fluorescence titration.

Single-crystal structure determination

A suitable crystal for single crystal determination was selected carefully from 

the mother liquor. After being immersed in silicone oil, the appropriate sized 

crystal was selected. With the help of epoxy resin, it was attached to the tip of a 

glass fiber and cemented. Bruker SMART APEX II CCD diffractometer 

fortified with Mo−K radiation (λ = 0.71073 Å) at 298 K were used to collect 

the intensity data. SAINT and XPREP software1 were employed for crystal data 

integration and reduction. Corrections related to Multi-scan empirical 

absorption were applied to the data using the program SADABS2. Crystal 

structures resolution were carried out by direct methods using SHELXTL-2014 

and were subjected to refinement on F2 by the full matrix least-squares 

technique using the SHELXL-2014 program.3 Structural illustrations of the 

crystal structures were created using MERCURY 4.0 for Windows.

The synthesis of 1,1-bis((1H-benzo[d]imidazol-2-yl)methyl)-3-(naphthalen-

1-yl)urea, L

Initially, 1-Naphthyl isocyanate (338 mg, 2 mmol) was refluxed and stirred with 

previously reported ligand Bis(2-benzimidazylmethyl) amine4 (554 mg, 2 

mmol) in dry DCM for 24 hours maintaining a molar ratio of 1:1. Evaporation 

of the brown coloured solution and work up with CHCl3/H2O yields the receptor 

L, 1,1-bis((1H-benzo[d]imidazol-2-yl)methyl)-3-(naphthalen-1-yl)urea. The 

compound was finally dried in vacuum over silica gel. The product L was 
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obtained as brown coloured solid with a yield of 75% (Scheme 1, Main article). 

Later it was recrystallized from DMSO-MeOH (2:3) mixture and left for slow 

evaporation. Red block type crystal were obtained after 4-5 weeks which are 

appropriate for X-ray analysis. 1H NMR (600 MHz, DMSO-d6) δ (ppm): 13.02 

(s, 2H, Benzimidazole–NH), 9.28 (s, 1H, amide –NH), 8.17-8.16 (d, 1H,~8.4 

Hz, ArH), 7.88-7.87 (d, 1H,~8.4Hz, ArH), 7.73-7.71 (d, 2H,~6Hz, ArH),7.68-

7.67 (d, 1H, ~7.8 Hz, ArH), 7.60-7.57 (m, 3H, ArH),  7.48-7.43 (m, 2H, ArH), 

7.39-7.37 (t, 1H,~7.8 Hz, ArH), 7.23-7.22 (d, 4H, ~6Hz, ArH), 5.04 (s, 4H, 

aliphatic -CH2). 13C NMR (100 MHz, DMSO-d6) δ (ppm): 156.85, 152.99, 

135.64, 134.17, 128.66, 128.42, 126.24, 125.99, 125.87, 124.72, 123.65, 121.56 

and 46.61 FTIR (KBr pellet, cm−1): 3243 (N–H), 3049 (C–Halp), 1645 (C=O), 

1515 (C=C), 1448 (C=C), 1274 (C–N); ESI m/z: 447.50 (calculated 446.50).

Preparation of anion complex [2(LH2)2+
.2SO4

2-]:

In 5 mL DMSO, 0.067 g (0.15 mmol), the receptor L was added and 

solubilized. After addition of 4-6 drops (0.5 mL) of concentrated H2SO4, the 

clear blue coloured solution was kept under stirring for 1 hour. The solution was 

filtered out and allowed for slow evaporation at room temperature in a glass 

vial. Slow evaporation of the solvent mixture afforded blue coloured block like 

small crystal after 8-10 weeks which were suitable for X-ray analysis. Yield: 

75-80%. 1H NMR (400 MHz, DMSO-d6) δ (ppm): 9.20 (s, amide –NH), 7.88-

7.84 (m, 6H, ArH), 7.73-7.71 (d, 1H, ~7.6Hz, ArH), 7.45-7.38 (m, 7H, ArH), 

7.31-7.27 (t, 1H, ArH), 5.30 (s, 4H, ~7.6Hz aliphatic –CH2). IR (KBr pellet, cm-

1): 3330 (N–H), 3058 (C–H alp), 1672 (C=O), 1520 (C=C), 1462 (C=C), 1119 

(S=O).

Characterization of receptor L:
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Figure S1. Integrated 1H-NMR spectrum (full as well as expanded) of free receptor L in 
DMSO-d6 at 298 K.
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Figure S2: 13C-NMR spectrum of free receptor L in DMSO-d6 at 298 K.

Figure S3. ESI-Mass spectrum of receptor L in acetonitrile.
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Figure S4. FT-IR spectrum (KBr pellet) of the receptor L.

Characterization of protonated anion complex of receptor:

Figure S5. 1H NMR spectrum (400 MHz, DMSO-d6, 298 K) of complex 1 [2(LH2)2+
.2SO4

2-]
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Figure S6. FT-IR spectrum (KBr pellet) of the complex 1 [2(LH2)2+
.2SO4

2-]

Figure S7. (a) Change in absorption spectra of L (10 mM) with different anions (50 mM) in 
acetonitrile solution. Inset: Corresponding change in the colour of the probe solution after the 
addition of F¯.
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Figure S8. (a) Change in emission spectra of L (10 mM) with fluoride anion (50 mM) 
in (a) Acetonitrile: H2O=9:1 (b) Acetonitrile: H2O=4:1solution.

Figure S9. (a)The comparative emission spectra of TBOH and TBAF addition to the receptor 
L in acetonitrile. Inset: Visible colour change upon addition of the two anions F¯and OH¯ 
under UV lamp (λex = 365 nm). (b) Relative fluorescence intensity ratio I473/I373 upon the 
addition of 10 equivalents of F¯and OH¯ anions. (c) Change of the fluorescence spectra of L 
(5 mM) with decreasing pH from 10 to 2.5 (ex = 285 nm) in aqueous medium. 
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Determination of stoichiometry by Job’s plot and plotting of B-H 
plot:
 
Job plots were achieved using fluorescence emission measurements. I.Xh versus Xh 
was plotted where I is the change in emission intensity during titration and Xh is the 
mole fraction of host in the solution. The apparent binding constants for the formation 
of the respective complexes are evaluated using the Benesi–Hildebrand (B–H) plot 
(eqn (1)).5-7

1/(I-I0)=1/{K(Imax-I0)C3}+1/(Imax-I0) (1)

I0 is the emission intensity of L at =473 nm for F¯ ion, I is the observed emission 
intensity at the particular wavelength in the presence of a certain concentration of the 
anion (C), Imax is the maximum emission intensity value that was obtained at = 473 
nm during titration with varying metal ion concentration, K is the apparent binding 
constant (M-1) which was calculated from the slope of the linear plot, and C is the 
concentration of the added F¯ ion during titration.

Figure S10. (a) Job’s plot for determining the stoichiometry of the probe and F¯ ion and (b) 
the corresponding Benesi−Hildebrand plot for binding constant determination.

Calculations for detection limit:

A continuous measurement of emission spectrum of the probe L was carried out 10 times and 
the standard deviation of blank measurement was determined. To gain the slope, the ratio of 
the fluorescence emission at 473 nm was plotted against the concentration of added F¯ ion. 
The detection limit (LOD) of probe L for F¯ were determined from the following equation:

                                                      LOD = 3/k                     (2)

 is the standard deviation of the blank solution which is found to be 6174.

k is the slope of the calibration curve i.e. 4x1011
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Hence detection limit =4.63x10-8M OR 0.463 nM or 0.875 ppb.

Figure S11. Ratio of fluorescence emission intensity change at 473 nm versus concentrations 
for lowest detection limits (LOD) calculation.
-

Figure S12. Enhanced view (8-14ppm) of stack plot of 1H NMR spectra of receptor L in the 
presence of increasing amounts of TBAF (1–10 equiv.) recorded in DMSO-d6.
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Figure S13. (a) Titration of L- F¯ complex with Trifluoroacetic acid. (b) Reversibility test of 
the probe: Ratiometric shift of 100nm with the addition of fluoride ions (F¯) and reversed 
back to the original upon addition of TFA.

Figure S14. (a) The interacting isomorphs represented in different colors (blue = C1, green 
= C2). The –CH (aliphatic)···π interactions and –CH (aromatic)··· amide C=O interactions 
extending the (b) C1 chain and (c) C2 chain.



S-13

Table S1: Crystallographic data and refinement details.

Formula C27 H22 N6 O C27 H24 N6 O5 S
CCDC 1920832 1920833

Fw 446.51 544.58

Crystal system triclinic triclinic

Space group P -1 P -1

a/Å 11.3681(7) 12.349(4)

b/Å 14.1597(10) 13.224(4)

c/Å 15.0368(9) 16.924(6)

α/o 82.533(3) 99.628(12)

β/o 76.926(3) 108.857(11)

γ/o 77.221(3) 90.120(11)

V/Å3 2291.2(3) 2573.9(14)

Z 4 4

Dc/(g cm-3) 1.294 1.405

μ (Mo Kα)/mm-1 0.083 0.177

T/K 298(2) 298(2)

θ max. 28.95 20.28

Total no. of reflections 40988 91599

Independent reflections 12256 9080

Observed reflections 8485 567

Parameters refined 614 704

R1, I > 2σ(I) 0.0772 0.1529

wR2 (all data) 0.2312 0.3318

GOF (F2) 0.997 1.800
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Table S2: Hydrogen bonding distances (Å) and Bond angles (º) in the receptor crystal

D−H∙∙∙A d(D∙∙∙H)/Å d(H∙∙∙A)/Å d(D∙∙∙A)/Å <D−H∙∙∙A/° Symmetry codes

N1-H3∙∙∙N4 0.860 2.232 2.944 140.12 [ -x, -y, -z+1]

N3-H3N∙∙∙N5 0.860 1.967 2.791 160.12
x,y,z

N5-H5N∙∙∙N3 0.860 1.940 2.791 170.18
x,y,z

N7-H24∙∙∙N11 0.860 2.222 2.971 145.64 [-x+2, -y, -z ]

N9-H26∙∙∙O1 0.860 1.992 2.788 153.45
x,y,z

N12-H12N∙∙∙N10 0.860 1.947 2.796 169.00
x,y,z

C12-H9∙∙∙N4 0.970 2.660 3.540 151.13 [ -x, -y, -z+1 ]

Table S3: Hydrogen bonding distances (Å) and Bond angles (º) in the protonated complex

D−H∙∙∙A d(D∙∙∙H)/Å d(H∙∙∙A)/Å d(D∙∙∙A)/Å <D−H∙∙∙A/° Symmetry codes

     N1--H1N∙∙∙O3 0.86 1.87 2.699(8) 163 x,y,z

N2--H2N∙∙∙O8 0.86 1.82 2.665(8) 168 [-x,1-y,1-z]

N4--H4N∙∙∙O5 0.86 1.84 2.672(8) 163 [1-x,-y,1-z]

N5--H5N∙∙∙O7 0.86 1.85 2.679(8) 163 x,y,z

N6--H6N∙∙∙O4 0.86 2.22 3.035(8) 158 [1-x,-y,1-z]

N7--H7N∙∙∙O5 0.86 1.83 2.668(8) 163 [1-x,-y,1-z]

N8--H8N∙∙∙O7 0.86 1.81 2.650(8) 165 [1+x,y,z]

N10--H10N∙∙∙O4 0.86 1.82 2.678(8) 171 [x,y,z]

N11--H11N∙∙∙O9 0.86 1.86 2.696(8) 164 [1-x,1-y,1-z]

N12--H12N∙∙∙O8 0.86 2.24 3.052(8) 157 [1+x,y,z]

Intra C14--H14∙∙∙O2 0.93 2.48 2.896(10) 108 x,y,z

Intra C01--H1∙∙∙N12 0.93 2.57 2.879(10) 100 x,y,z

C2--H2∙∙∙O10 0.93 2.59 3.387(11) 144 [-x,1-y,1-z]

C5--H5∙∙∙O6 0.93 2.43 3.264(11) 150 x,y,z

C8--H8A∙∙∙O7 0.97 2.43 3.141(8) 130 x,y,z

C9--H9B∙∙∙O2 0.97 2.28 2.956(9) 126 x,y,z

Intra C19--H19∙∙∙O1 0.93 2.45 2.871(9) 108 x,y,z

C29--H29∙∙∙O6 0.93 2.59 3.464(12) 156 [1-x,-y,1-z]

C35--H35B∙∙∙O1 0.97 2.32 2.976(9) 124 [1+x,y,z]

C36--H36A∙∙∙O5 0.97 2.44 3.147(9) 129 [1-x,-y,1-z]

C39--H39∙∙∙O10 0.93 2.46 3.274(11) 147
[1-x,1-y,1-z]
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Table S4.  The comparison of our chemosensors L with F¯ sensors available in recent 
literatures.

No. Chemosensor
type Solvent

Reversibility 
and 

reusability
Detection limit Ref.

1 BODIPY-benzimidazole CH3CN Yes 0.093 μM 8
2 Pyrene-benzimidazole DMSO Yes 1.63 × 10-5 M 9
3 1,2-dioxetane derivative DMSO No 47 μM 10

4
7-(diethylamino)-3-(2-
(pyridin-4-yl)vinyl)-coumarin 
and triisopropylsilane ether

DMSO:PBS
(7:3)

No 1.2 × 10−8 M 11

5 BN-Embedded phenacenes THF No 1.8 x 10-8 M 12

6 Tri-benzimidazolyl type DMSO Yes 0.284 μM 13

7 Present work CH3CN Yes 4.63x10−8 M 
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