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General method of UV-vis and fluorescence titration:
By UV-vis method:

For UV-vis titrations, a stock solution of the sensor was prepared (c = 2 x 10-5 M) in a 

CH3CN-HEPES buffer (9/1, v/v, 25ºC) at pH 7.4. Solutions of the guest interfering analytes, 

such as Cl-, CH3COO-, Br-, F-, NO2
-, C2O4

2-, NO3
-, SO4

2-, H2O2, Al3+, Cd2+, Fe3+, Fe2+, Hg2+, 

Mn2+, Cu2+, Ni2+, Pb2+, and Zn2+, were also prepared in the order of c = 2 × 10-4M. Solutions 

of different concentrations containing sensors and increasing concentrations of cations were 

prepared separately. The spectra of these solutions were recorded by means of UV-vis 

methods.

General procedure for drawing Job’s plot by UV-vis method:

A stock solution of the same concentration of NCP and Cu2+ was prepared in the order of ≈ 

2.0 x 10-5 M in a CH3CN-HEPES buffer (9/1, v/v, 25ºC) at pH 7.4. The absorbance in each 

case with different host–guest ratios but equal volumes was recorded. Job plots were drawn 

by plotting I.Xhost vs Xhost (I = change in the intensity of the absorbance spectrum during 

titration and Xhost is the mole fraction of the host in each case, respectively).

By fluorescence method:

For fluorescence titrations, a stock solution of the sensor (c = 2 x 10-5 M) was prepared for 

the titration of cations and anions in a CH3CN-HEPES buffer (9/1, v/v, 25ºC) at pH 7.4. 

Solution of the guest cations and anions in the order of 2 × 10-4 M were also prepared. 

Solutions of different concentrations containing sensors and increasing concentrations of 

cations and anions were prepared separately. The spectra of these solutions were recorded by 

means of fluorescence methods.

Association constant determination:

The binding constant value of cation Cu2+ with the sensor was determined from the emission 

intensity data following the modified Benesi–Hildebrand equation, 1 / I = 1 / I max + (1 / 

K[C]) (1 / Imax), where K is the binding constant, [C] is the guest concentration, I = I - Imin 

and Imax = Imax - Imin, in which Imin, I, and I max are the emission intensities of the sensor 

considered in the absence of the guest, at an intermediate concentration and at a concentration 

of complete saturation of the guest. From the plot of (Imax - Imin)/(I - Imin) against [C]-1 for the 

sensor, the value of K was determined from the slope. The association constant (Ka) as 

determined by the fluorescence titration method for the sensor with Cu2+ was found to be 1.66 

× 103 M-1 (error < 10%).
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Fig. S1: Benesi–Hildebrand plot from fluorescence titration data of receptor NCP (c = 2.0 × 

10−5 M) with Cu2+ including error bars (error amount, 5%; Y error bar for both [±] deviation).

Determination of fluorescence quantum yields:

Here, the quantum yield φ was measured using the following equation:

 φx = φs ( Fx / Fs)( As / Ax)(nx
2 / ns

2)

where

X and S indicate the unknown and standard solutions, respectively, φ is the quantum yield, F 

is the area under the emission curve, A is the absorbance at the excitation wave length, and n 

is the index of refraction of the solvent. Here φ measurements were performed using 

anthracene in ethanol as the standard [φ = 0.27] (error ~ 10%)

Calculation of the detection limit:

The detection limit (DL) of NCP for OCl- and Cu2+ was determined using the following 

equation:

DL = K* Sb1 / S

where K = 2 or 3 (we take 3 in this case), Sb1 is the standard deviation of the blank solution, 

and S is the slope of the calibration curve.

From the graph shown in Fig. S2, we get a slope value of 1.091, and the Sb1 value is 1.4464

From the graph shown in Fig. S3, we get a slope value of 38.797, and the Sb1 value is 7.0684.

Thus, using the formula we get the detection limit for Cu2+ as 3.97 µM and for OCl- as 0.55 

µM.
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Fig. S2: Changes in the fluorescence intensity of NCP as a function of [Cu2+], including error 
bars (error amount, 5%; Y error bar for both [±] deviation).

Fig. S3: Changes in the fluorescence intensity of NCP as a function of [OCl-], including error 
bars (error amount, 5%; Y error bar for both [±] deviation).
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Fig. S4. Job plot diagram of receptor NCP for Cu2+ (where Xh is the mole fraction of the host 

and ΔI indicates the change in the intensity).

Fig. S5. Results of DLS analysis of NCP in CH3CN : H2O (9 : 1).
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The changes in the emission curve of NCP (c = 2 x 10-5M) at different time intervals by 

the addition of OCl¯ (c = 2 x 10-4) and calculation of the first-order rate constant:

Fig. S6 represents the changes in the emission intensity at different time intervals by the 

addition of hypochlorite. From the time vs. fluorescent intensity plot at a fixed wavelength of 

438 nm using the first-order rate equation, we get the rate constant K = slope × 2.303 = 

11.807 × 2.303 = 27.192 Sec-1

Fig. S6. First-order rate equation using time vs. fluorescent intensity plot at 438 nm.

(a)                                                                  (b) 

Fig. S7. (a) and (b) Fluorescence titration spectra of NCP (c = 2.0 × 10−5 M) in the presence 
of OCl- and Cu2+ respectively (c = 2.0 × 10−4 M) in a CH3CN/HEPES buffer (50 : 50, v/v, pH 
7.4).
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1H NMR spectrum (Fig. S8) of NCP:

Mass spectrum (Fig. S9) of NCP:

7



13C-NMR spectrum (Fig. S10) of NCP:

IR spectrum of NCP (Fig. S11):
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Fig. S12. 1H-NMR analysis of NCP and NCP + OCl¯.

Fig. S13. Mass spectra of NCP + OCl¯.

Fig. S14. Mass spectra of NCP + Cu2+.
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Computational details

Ground-state electronic structure calculations in the gas phase of the complexes were carried 

out using the DFT1 method associated with the conductor-like polarizable continuum model 

(CPCM).2 Becke’s hybrid function3 with the Lee-Yang-Parr (LYP) correlation function4 was 

used for the study. The absorbance spectral properties in a DMSO medium for HL and 1 

were calculated by the time-dependent density functional theory (TDDFT)5 associated with 

the conductor-like polarizable continuum model and we computed the lowest 40 singlet – 

singlet transition.

For H atoms, we used the 6-31+(g) basis set; for C, N, O, and Cu atoms, we employed 

LanL2DZ as the basis set for all the calculations. The calculated electron-density plots for 

frontier molecular orbitals were prepared using the Gauss View 5.1 software. All the 

calculations were performed using the Gaussian 09W software package.6 The Gauss Sum 2.1 

program7 was used to calculate the molecular orbital contributions from groups or atoms.
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Table S1: Comparison table of NCP with the reported similar types of chemosensors
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Ligands Analytes Solvent 
used

Probe 
type

Detection 
limit

Applications References

OCl-  and 
viscosity

CH3CN-H2O 
(Sensing)
Glycerol 
(Viscosity)

Turn on 28 nM Cell imaging [8]

OCl-  and 
viscosity

  H2O 
(Sensing) 
glycerol 
(Viscosity) 

Turn on 19.4 nM Cell imaging [9]

N

N

NC CN

NH2NI
OCl- and 
Cu2+

DMSO/PBS, 
CH3CN/PBS 
buffer

Turn on 0.44 µM Cell imaging [10]

OCl- and 
Cu2+

CH3CN-H2O Turn on - Logic gates [11]

 

OCl- and 
AIE

DMF-H2O Turn on 0.39 μM Cell imaging [12]

OH O

NCP

OCl- and 
Cu2+,
AIE,
viscosity

CH3CN-H2O 
(Sensing and 
AIE)
Glycerol 
(Viscosity)

Turn on 3.97 μM 
(Cu2+)

and 0.55 
μM (OCl¯)

DFT
SEM
Cell
Imaging
Dipstick 
method

This work
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