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Table S1: Comparison table of previously reported DCP sensing probe with our present 
work

Structure of the probe Solvent Mode of 
sensing

Application LOD Response 
time

Ref

DMF PET Paper strip

detection

20.7 ppb 1

CH3CN–
H2O (4:6 
v/v)

PET Detection in 
vapor phase, 
soil sample, 
live cells

0.14 μM 30 s 2

DMF PET Solid-State 
Detection

0.71 
μg/L

3

DCM 
(with 3% 
Et3N)

Test strip

detection

0.2 μM 4
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DMF PET Vapor phase 
detection

5.5 nM 5

DMF PET and ESIPT Detection in 
vapor phase, 
soil sample, 
live cells

33.5 nM. 45 sec 6

MeOH Suppressing 
the 
intramolecular 
rotation

Test strip

detection

7.8 × 10-
7 mol L-
1.

90 sec 7

THF/H2O

(4/1, 
v/v)

ICT Vapor phase 
detection

8.45 × 
10-8 M

8

THF ICT Vapor phase 
detection

2.6 ppb 25 s 9

DMSO-
H2O (2:3, 
v/v))

ICT Vapor phase 
detection and 
detection in 
Live cells

1.4 × 10-

9 M
18 s Our 

probe
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2. Theoretical calculations: 

Figure S1. Absorption spectra of the Probe 

Table S2: The vertical main orbital transition of the Probe calculated by TDDFT method

Energy (eV) Wave length (nm) Osc. strength (f) Transition

3.2898 376.87 1.0742 HOMOLUMO

3.7626 329.51 0.0060  HOMOLUMO+1

3.9581 313.24 0.0178 HOMO-1LUMO

Table S3: The vertical main orbital transition of the Product calculated by TDDFT method

Energy (eV) Wave length (nm) Osc. strength (f) Transition

2.3093 536.89 0.9181 HOMOLUMO

2.9128 425.65 0.0108 HOMO-1LUMO

3.5451 349.73 0.2196 HOMO-2LUMO



5

3. ESI-MS Spectra: 

Figure S2: HRMS of the probe PPID

Figure S3: HRMS of the probe FPY
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4. NMR Spectra: 1H NMR, 13C NMR: 

Figure S4: 1H NMR of the probe PPID

Figure S5: 13C NMR of the probe PPID



7

Figure S6: 1H NMR of the aldehyde FPY

Figure S7: 1H NMR titration of PPID with DCP
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5. Calculation of detection Limit

The limit of detection (LOD) of PPID for DCP was calculated utilizing the general equation 

DL = K × Sb1/S

Where K = 2 or 3 (we take 3 in this case) and Sb1, obtained as 3.25 × 10-4 is the standard 

deviation of the blank solution and S is the slope of the calibration curve.

Figure S8: From the graph we get slope (S) = 7.17 × 105, thus using the formula we obtained 
the detection limit 1.4 × 10-9 M.

6. pH study:

Figure S9: Fluorescence response of PPID at the intensity ratio (I609/I466) as a function of pH 
in DMSO/H2O (2/3, v/v) solution. λex= 413 nm
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7. Response time:

Figure S10: Time-dependent Fluorescence response of the probe in the presence of excess 
(80 µL) DCP.

8. Spectral study of CC1:

                                                                         

Figure S11: Change in the emission of the compound CC1 in the presence of DCP in the solvent 
mixture (DMSO/H2O, 2:3). λex= 413 nm
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9. HRMS spectra of adduct and controlled compound and 1H NMR of controlled 
compound:

Figure S12: HRMS of adduct PPIDH

Figure S13: HRMS of the controlled compound CC1
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Figure S14: 1H NMR of the controlled compound CC1

10. Table S4: Crystal Data and Structure Refinement Parameters

Empirical formula C52H40N6O3

Formula Weight 796.90

Temperature (K) 250

Wavelength (Å) 0.71073

Crystal system Triclinic

space group Pī

a, b, c (Å) 11.8392(16), 12.4584(19), 16.460(2)

α, β, γ (°) 104.498(4), 96.983(5), 115.518(4)

Volume (Å3) 2046.8(5)

Z / Density (calc.) (Mg/m3) 2/ 1.293

Absorption coefficient (mm-1) 0.082

F(000) 836.0

Crystal size (mm3) 0.19 x 0.16 x 0.09
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θ range for data collection 2.316 to 27.141

Completeness to θ (%) 100%

Absorption correction Multi-scan

Max. and min. transmission 0.993 and 0.985

Refinement method Full-matrix least-squares on F2

Data/parameters 9062/ 533

Goodness-of-fit on F2 1.052

Final R indices [I > 2σ(I)] R1 = 0.0688, wR2 = 0.1856

R indices (all data) R1 = 0.0992, wR2 = 0.2156

Largest diff. peak and hole (e.Å-3) 0.247 and -0.225

R1=∑||Fo|–|Fc||/∑|Fo|, wR2 = [∑{(Fo
2–Fc

2)2}/∑{w(Fo
2)2}]1/2w = 1/{σ2(Fo

2) + (aP)2 + bP}, P = (Fo
2 

+ 2Fc
2)/3, where, a =0.1183 and b = 0 

11. Cell line study: 

Cytotoxicity assay:

In the present study Human breast cancer cell line MDA-MB 231 and human normal kidney 

epithelial cell line NKE have been used and to assess the cytotoxic effect of the ligand PPID 

MTT cell proliferation assay10 was performed. In brief, cells growing in a log phase were first 

seeded in 96-well plates and were incubated overnight at 37 °C under 5% CO2. Different 

working concentration of ligand PPID was prepared using solvent DMSO and H2O at a ratio 

of 2:3 and the cells were then exposed to the ligand PPID (0 μM, 10 μM, 20 μM, 40 μM, 80 

μM, 100 Μm) for 24 hrs. Following incubation, 0.5 mg/ml of MTT solution was added to each 

well and incubated for 4h, and the cells were then rinsed with 1X PBS. The formazan crystals 

that formed were then dissolved in DMSO, and the absorbance was measured at 570 nm using 

a microplate reader. Cell viability was calculated as a percentage of the experimental design 

used as the control.

 Cellular imaging

Fluorescence imaging was carried out in MDA-MB 231 cell line to visualise the ligand PPID 

fluorescence properties when DCP was present. Briefly, cells were cultured on coverslips for 

24 hours in a humidified incubator at 37°C with 5% CO2 before being mock-treated or treated 

with 10 μM of the ligand PPID in the presence or absence of 10μM DCP individually, and 

incubated for 15 min and 30 min at 37°C. The cells were first washed with 1 PBS, placed on a 

glass slide, and then seen using a DAPI filter under an Olympus fluorescence microscope11. 
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MDA-MB 231 and NKE cell lines were used to test the in-vivo cell Cytotoxicity assay of the 

ligand PPID. Data from the MTT experiment showed no detectable toxicities even at a 

concentration of 100 μM of the ligand PPID (Fig-S15B). Hence ligand PPID was chosen to 

conduct further research at a working concentration of 10 μM.

Figure S15: (A) Microscopic images and (C) fold increase in fluorescence intensity of untreated 

MDA-MB 231 cells (Control), cells treated with ligand PPID (10 μM), [ligand PPID (10μM) 

+ DCP (10 μM)] PPIDH after the 15 min and after the 30 min, incubation period under bright, 

fluorescence and merged field. (B) Cell survivability of MDA-MB 231 and NKE cells exposed 

to different ligand PPID concentration. Data are representative of at least three independent 

experiments and bar graph shows mean ± SEM, *p < 0.0001, **p < 0.001, ***p < 0.01 were 

interpreted as statistically significant, as compared with the control.

When MDA-MB 231 cells were exposed to the ligand PPID (10 μM) alone, an increased level 

of fluorescence intensity at an emission level of 466 nm have been observed as compared to 

untreated cells. But, when MDA-MB 231 cells were exposed to the ligand PPID (10 μM) in 

combination with DCP (10 μM) at an incubation time frame of 15 min and 30 min, results from 
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fluorescence microscopy imaging demonstrated a change in the level of fluorescence intensity 

at an emission level of 609 nm as compared to the cell exposed to the ligand PPID alone (Fig- 

S15A & C). Consequently, we might draw the conclusion that the cells consume the ligand 

PPID in the presence of DCP and also justified that in the presence of DCP, ligand PPID 

results in shift in the level of fluorescence intensity from blue fluorescent luminescence to red 

fluorescent luminescence is not an artifact of one of either added compounds. Therefore, as 

designed our probe PPID is biocompatible and conducive to biological application.

Figure S16: Fluorescence intensity ratio (I609/I466) of PPID (10 μM) with addition of excess 
DCP in different ratio of H2O/DMSO (form 9:1 to 1:9, v/v) and the excitation wavelength was 
413 nm.

Figure S17: HRMS of the intermediate compound.
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