Supplementary Information (SI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2025

Detection of Explosive Picric Acid via ESIPT-Inhibited
Fluorescent Chemosensor: Theoretical Insights, Vapour Phase

Detection and Flexible Indicator Design

Pavithra S*b Keshav Semwal®?, Vishnu S2P, Raksha D. Salian°®, Partha Kumbhakar®, Avijit
Kumar Das®P*

2 Department of Chemistry, Christ University, Hosur Road, Bangalore, Karnataka, 560029
India, Email: avijitkumar.das@christuniversity.in

b Centre for Renewable Energy and Environmental Sustainability, Christ University, Karnataka,
560029, India
¢ Department of Physics and Electronics, Christ University, Bangalore, 560029, India

Contents
01. Experimental 2
1.1 General
1.2 General method of UV-vis and fluorescence titration
02. Determination of fluorescence quantum yield 2
03. General procedure for drawing Job plot by fluorescence method 2-3
04. '"H NMR spectrum of BMP 3

05. NMR titration study
06. Calculation of the detection limit (DL), rate constant, inding constant

and Stern-Volmer plot 4-6
07. TLC plates photograph and vapor phase detection 6
08. Solvatochromic analysis of BMP 7
09. Reversibility cyclic studies 7
10. Field soil Analysis 7
11. Comparison table 8
12. Computational details 9
13. References 9-10


mailto:avijitkumar.das@christuniversity.in

1. Experimental
1.1. General method of UV-vis and fluorescence titration:

By UV-vis method:

For UV-vis titrations, stock solution of the sensor was prepared (¢ = 2 x 10> M) in CH3CN-
HEPES buffer (9/1, v/v, 25°C) at pH 7.4. The solution of guest interfering analytes were
prepared in the order of ¢ = 2x10* M, including 1-chloro-2-nitrobenzene (1,2-CNB), 4-
nitrobenzoic acid (4-NBA), 4-nitroaniline (4-NA), 4-nitrotoluene (4-NT), dinitrobenzene
(DNB), arcenite, arcenate, nitrobenzene (NB) and picric acid (PA). Solutions of various
concentrations containing sensor and increasing concentrations of nitroaromatics were
prepared separately. The spectra of these solutions were recorded by means of UV-vis methods.

By fluorescence method:

For fluorescence titrations, stock solution of the sensor (¢ = 2 x 10> M) was prepared for the
titration of nitroaromatic compounds (NACs) in CH;CN-HEPES buffer (9/1, v/v, 25°C) at pH
7.4. The solution of the guest analytes in the order of 2 x 104 M were also prepared. Solutions
of various concentrations containing sensor and increasing concentrations of analytes were
prepared separately. The spectra of these solutions were recorded by means of fluorescence
methods.

2. Determination of fluorescence quantum yield:

Here, the quantum yield ¢ was measured by using the following equation,
0x = @5 (Fx / FY(As/ A0/ ng?)

Where,

X & S indicate the unknown and standard solution respectively,

¢ = quantum yield,

F = area under the emission curve,

A = absorbance at the excitation wave length,

n = index of refraction of the solvent.

Here ¢ measurements were performed using anthracene in ethanol as standard [¢ = 0.27]
(error ~ 10%)

3. General procedure for drawing Job plot by fluorescence method:

For fluorescence titrations, stock solution of the sensor BMP (¢ = 2.0x10~> M) was prepared
for the titration of nitroaromatics in CH3;CN-HEPES buffer [9:1, v/v, pH = 7.4]. The solution
of the guest analytes in the order of 200 uM were also prepared. Solutions of various
concentrations containing sensor and increasing concentrations of nitroaromatics were
prepared separately. The spectra of these solutions were recorded by means of fluorescence
methods as shown in Fig.S1.
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Figure S1. Job’s plot diagram of receptor BMP for Picric acid (where Xh is the mole fraction
of host BMP and Al indicates the change of the intensity) (error value, 5%; Y error bar for
both [+] deviation).

4. 'H NMR spectrum of BMP
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Figure S2. 'H NMR spectrum of BMP



5. NMR titration study
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Figure S3. 'H NMR study of BMP and BMP with PA in DMSO-d°.

6. Calculation of the detection limit (DL):

The detection limit DL of BMP for picric acid was determined from the following equation:
DL =K* Sb1/S Equation-1
Where K =2 or 3 (we take 3 in this case); Sb1 is the standard deviation of the blank solution;
S is the slope of the calibration curve.

From the graph Fig.S4, we get slope = 406.34, and Sb1 value is 660.3281

Thus, using the formula we get the Detection Limit for Picric acid = 4.87 uM.
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Figure S4. Changes of fluorescence intensity of BMP as a function of Picric acid (error
value, 5%; Y error bar for both [£] deviation).

7. Rate constant calculation:

The changes of emission curve of BMP (¢ = 2 x10-°M) at different time interval by the addition
of PA and calculation of first order rate constant is displayed in Fig. S5. From the time vs.
fluorescent intensity plot at fixed wavelength at 488 nm by using first order rate equation.

From Fig.S5 we get the rate constant for PA, K = slope x 2.303 Equation- 2
=223.55x2.303 =514.83 Sec!.
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Figure SS. The first order rate equation by using time vs. fluorescent intensity of BMP with
PA (error value, 2%; Y error bar for both [+] deviation).

8. Binding constant and Stern-Volmer plot

The binding constant value of Picric acid with the sensor has been determined from the
emission intensity data following the modified Benesi—Hildebrand equation, 1/Al = 1/AI . +
(1/K[C]) (1/AT 114x) (Equation-3). Here Al = I-I i, and Alyax = Lnax-Imin, Where L, I, and Ly
are the emission intensities of sensor considered in the absence of guest, at an intermediate
concentration and at a concentration of complete saturation of guest where K is the binding
constant and [C] is the guest concentration respectively. From the plot of (Iax-Iimin)/(I-Iimin)
against [C]"! for sensor, the value of K has been determined from the slope. The association
constant (K,) as determined by fluorescence titration method for sensor with Picric acid is
found to be 2 x10* M-! (error 5%).
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Figure S6. Benesi—Hildebrand plot from fluorescence titration data of receptor BMP (20uM)
with picric acid (error value, 5%; Y error bar for both [£] deviation).
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Figure S7. Stern-Volmer plot of BMP with picric acid (error value, 5%; Y error bar for both

[£] deviation).
9. TLC plates photograph and vapor phase detection

a)

Figure S8. (a) TLC plates photograph with BMP (¢ = 2.0 x10-> M) at the left side and presence
of picric acid (¢ = 2.0 x10-* M) at the right; (b) Picric acid vapor exposure inside a glass vial
and (c) Fluorescence quenching observed in the presence of PA vapours (left: BMP coated
TLC plate; right: BMP coated TLC plate + picric acid.



10. Solvatochromic analysis of BMP
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Figure S9. Solvatochromic analysis of BMP (error value, 5%; Y error bar for both [+]

deviation).
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11. Reversibility studies with various cycles

Figure S10. Changes of fluorescence intensity of BMP as a function of cycles (error value,
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5%; Y error bar for both [£] deviation).

12. Field soil Analysis
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Figure S11. Fluorescence spectra of BMP (¢ = 2.0x 10° M) with field soil samples in
CH;CN/HEPES buffer solution (9:1, v/v, pH 7.4). (b) Changes of fluorescence intensity of
BMP as a function of PA in field soil samples (error value, 2%; Y error bar for both [£]

deviation).
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13. Table S1: Comparison table of notable similarly reported sensors for detection picric acid

Molecular Structure Fluorescence Colorimetric | Range of Application Reference
response response wavelength
F No fluorescence | UV-vis 238 nm and Field 6
/O/ spectral 322 nm application
iid "| changes
x CHy
|
Turn off Colourless to | 427-430 nm Test Strips 7
pale yellow
98
 Cueo0_ PCrftas Fluorescence Blue to green | 414-486 Field 8
pm‘“““ switching application
[0\
N,H y Ratiometric Yellow to red | 454 nm Test strips 9
N/
/H I H%)
N 0’ N N
1 Turn off - 429-493 nm | Water testing | 10
-~
HO’ 0" 0
\N
Ny
OH
OH
L Turn-off Colourless to | 414-450 nm Paper stripand | 11
5 yellow. vapour phase
“
P
@_\_ i Turn off Pink then 539 nm Test strips 12
- 3:8:8:?_\_\/3 fades and
’ ’ darkens
Turn off Green to 350 nm and Dipstick, This work
N colourless 433 nm vapour-phase

and polymer
based flexible
indicator




14. Computational details

Ground state electronic structure calculations in gas phase of the have been carried out using
DFT! method associated with the conductor-like polarizable continuum model (CPCM).?
Becke’s hybrid function’ with the Lee-Yang-Parr (LYP) correlation function* was used for the
study. For H atoms we used 6-31+(g) basis set; for C, N, O atoms we employed LanL.2DZ as
basis set for all the calculations. The calculated electron-density plots for frontier molecular
orbitals were prepared by using Gauss View 5.1 software. All the calculations were performed
with the Gaussian 09W software package.’
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