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Abstract
A new indole based chemosensor, 2-((5-bromo-1H-indol-2-yl) methylene) hydrazono) methyl)-4, 6-diiodophenol (BHDL) has 

been developed for the selective and sensitive detection of biogenic tryptamine and F‒ ions. The binding affinity of probe BHDL 
towards F‒/tryptamine (TryptA) has been investigated by UV-visible/fluorescence spectroscopy. In the presence of TryptA, probe 
exhibits strong enhancement in an emission band at 433 nm and the band at 555 nm underwent a blue shift accompanied by a 
decrease in intensity by the inhibition of Excited State Intramolecular Proton Transfer (ESIPT) functioned on BHDL. Interestingly, 
complexation with F‒ ions as well triggers an enhancement in a fluorescence band at 430 nm with the concomitant disappearance 
of the emission band at 555 nm due to the inhibition of ESIPT and deprotonation process initiated by the hydrogen bonding complex 
formation. Further, Density Functional Theoretical (DFT) calculations have been performed to support the mechanism functioned 
on the probe BHDL in the presence of TryptA/F‒.
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Introduction
Fluorescent detection of biological and environmentally 

important species has been a recent area of focus due to its potential 
application in pharmacology, physiology, and environmental 
production [1,2]. Initially, several fluorescent sensors have been 
developed [3,4] merely for the detection of metal ions because of 
the selective binding ability of metal ions in water. Over the past 
decades, detection of anions and neutral analytes using fluorescent 
molecular system have witnessed an explosive growth in par 
with cation sensing. In particular, the design of multifunctional 
chemosensors has gradually become a new research focus in 
which a single receptor can independently recognize two or 
more guest species with diverse spectral responses via same or 
different channels. Among various ions, fluoride, being a strong 
electronegative element can interfere with the number of enzyme 
systems and thus acts as an enzyme inhibitor. It is present in 
biological fluids tissues, especially in bone and tooth [5]. The effect 
of association between the elevated levels of fluoride in drinking 
water and skeletal fluorosis has been well documented [6-8]. On  

 
the other hand, fluoride can have a beneficial effect on human  
health by treating osteoporosis and protecting dental health [9-13]. 
Thus, the detection of F- is essential to minimize its direct effects 
on human health. Biogenic amines are nitrogenous organic bases 
or deaminated derivative of amino acids. The natural resource 
of biogenic amines are grapes, food, and beverages, they can be 
synthesized by fermentation or microbial decarboxylation of amino 
acids [14] and a major important component in the production of 
hormones, alkaloids, nucleic acids and proteins. Among various 
biogenic amines, [15-22] tryptamine (TryptA) is a natural derivative 
can influence multiple processes within the central nervous system 
such as sleep, cognition, memory, temperature regulation and 
behavior [23,24]. Hence the detection and quantification of TryptA 
is of particular importance as it possess a strong pharmacological 
effect. Among various traditional analytical methods, detection 
based on fluorescent sensors stands as an effective tool to explore 
ions and neutral species owing to their simplicity, high selectivity, 
sensitivity, and versatility [25-33]. Moreover, recognition of 
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miscellaneous targets with a single receptor would lead to a faster 
analytical processing and potential cost reductions. It is therefore 
highly desirable to develop a sensor that selectively recognize 
both TryptA and F‒ over other competing anions/biogenic amines 
through different optical modes. Being the core structure of the 
great number of inhibitor [34,35] and drug molecules [36,37] 
indoles have attracted a great deal of attention amid the scientific 
community due to their significant role in biological activity. Most 
of the indole derivatives are fluorescent and this property has been 
successively utilized for the design of indole-based receptors for 
selective chemosensing of metal ions and anions [38-44]. Herein, 
we have synthesized a new indole based dual mode chemosensor 
BHDL by simple condensation method and it has been utilized for 
the selective and sensitive detection of TryptA and F‒ in DMSO/H2O 
(9:1, v/v) medium. The probe BHDL displays excellent ratiometric 
responses in absorbance and strong “turn-on” fluorescence 
responses upon addition of both TryptA/ F‒ ions, respectively. 

Experimental Section
Materials and Methods

All starting materials and reagents were purchased from 
Alfa Aesar, Sigma Aldrich, and used as received without further 
purification. The anions of Cl‒, Br‒, I‒, CN‒, H2PO4

‒, HSO4
‒, NO3

‒, AcO‒ 
and F‒ were purchased as their tetrabutylammonium salts from 
Sigma-Aldrich Pvt. Ltd. Different category of amines like azane, 
methylamine, dimethylamine, trimethylamine, phenylethylamine, 
spermidine, spermine, tyramine, cadaverine, serotonin, histamine, 
tryptamine, L-tryptophan, dopamine, putrescine, D-glucosamine, 
glycine were purchased from Sigma-Aldrich Pvt. Ltd. Silica gel-G 
plates (Merck) were used for Thin-layer Chromatography (TLC) 
analysis with a mixture of petroleum ether and ethyl acetate as an 
eluent. 1H and 13C NMR spectra were obtained on a Bruker 300 MHz 
NMR instrument with TMS as internal reference using DMSO-d6 as 
solvents. Standard Bruker software was used throughout. 19F-NMR 
spectra were recorded at 293 K on BRUKER 400 MHz FT-NMR 
spectrometers using DMSO-d6 as solvents. Electro Spray Ionisation 
Mass Spectrometry (ESI-MS) analysis was performed in the 
positive/negative ion mode on a liquid chromatography-ion trap 
mass spectrometer (LCQ Fleet, Thermo Fisher Instruments Limited, 
US). Fluorescence microscopic imaging measurements were logged 
using Operetta High Content Imaging System (PerkinElmer, US).

Synthesis of (Z)-5-bromo-3-(hydrazonomethyl)-1H-
indole (BMI)

The starting material BMI was prepared by the condensation 
between 5-bromoindole-3- carboxaldehyde (500 mg, 2.23 mmol) 
and excess of hydrazine hydrate in methanol (50 ml) for 5 h. The 
pale orange colored solid product was obtained by washed with 
ethyl acetate (yield 90 %).1H NMR (300 MHz, DMSO-d6) δ (ppm): 
11.67 (s, 1H), 8.83 (s, 1H), 8.44 (s, 1H), 7.99 (s, 2H), 7.76 (s, 1H), 
7.42 - 7.14 (m, 2H). 13C NMR (75 MHz, DMSO-d6) δ (ppm): 156.03, 
136.63, 134.04, 127.10, 125.90, 124.83, 114.87, 113.98, 112.35.

Synthesis of 2-((Z)-(((Z)-(5-bromo-1H-indol-3-yl) 
methylene) hydrazono) methyl)-4, 6-diiodophenol 
(BHDL).

The probe BHDL was synthesized by condensation between 
precursor BMI (50 mg, 2.10 mmol) and 3, 5- diiodosalicylaldehyde 
(80 mg, 2.10 mmol) in methanol (50 ml) solution for 10 h. The 
orange-colored solid product was found and thoroughly rinsed 
with ethyl acetate. The pure solid product was obtained (yield 80 
%). 1H NMR (300 MHz, DMSO-d6) δ (ppm):13.05 (s, 1H), 12.15 (s, 
1H), 9.14 - 8.70 (m, 2H), 8.41 (s, 1H), 8.08 (t, 3H), 7.43 (d, 2H). 13C 
NMR (75 MHz, DMSO-d6) δ(ppm): 161.64, 160.07, 159.48, 158.24, 
136.70, 135.90, 135.11, 133.41, 126.93, 126.26, 124.91, 121.60, 
114.92, 114.48, 111.74, 111.16. MS (ESI): 591.60 (M-H).

UV-visible and fluorescence titrations	

Sensing aptitude of BHDL towards different amines/anions in 
DMSO/H2O (9:1, v/v) system was investigated by absorbance and 
emission spectroscopy. Tetrabutylammonium salts of anions in 
dimethylsulfoxide were used throughout the studies. Optical mode 
analysis of BHDL was inspected with different amines like azane, 
methylamine, dimethylamine, trimethylamine, phenylethylamine, 
spermidine, spermine, tyramine, cadaverine, serotonin, histamine, 
tryptamine, L-tryptophan, dopamine, putrescine, D-glucosamine, 
and glycine. Absorption measurements were performed on JASCO 
V-630 spectrophotometer in 1 cm path length quartz cuvette with a 
volume of 2 mL at room temperature. Fluorescence measurements 
were made on a JASCO and F-4500 Hitachi Spectrofluorimeter with 
excitation slit set at 5.0 nm band pass and emission at 5.0 nm band 
pass in 1 cm × 1 cm quartz cell.

Computational details
Density functional theory (DFT) calculations were executed 

using Gaussian 09 program [45]. Further, to support the fluorescent 
enhancement of BHDL with tryptamine and fluoride ions, the 
optimized structures of BHDL, BHDL-TryptA and BHDL- F‒ were 
obtained by DFT-B3LYP method using 6-311G /LANL2DZ basis 
sets, respectively.

Results and Discussion
 Synthesis of BHDL	

In the synthetic route, simple condensation between 
5-bomoindole-3-carboxaldehyde and hydrazine hydrate in excess 
yields the precursor BMI in the initial step. Successively, condensation 
process sustained between BMI and 3,5-diiodosalicylaldehyde in 
methanol. Finally, the chemoreceptor moiety BHDL was obtained 
with good yield as depicted in Scheme 1. Further to confirm the 
probe BHDL via diverse analytical methods such as 1H and 13C 
NMR and ESI-MS spectroscopy (Figures 1-4).

 UV-vis and fluorescence studies of BHDL towards anions
 To investigate the interactions of receptor BHDL with 

anions, absorbance and fluorescence intensity changes have been 
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monitored in the presence of various anions such as I‒, Br‒, Cl‒, F‒, 
NO2

‒, CN‒, AcO‒, HSO4
‒ and H2PO4

‒ in DMSO/H2O (9:1, v/v) system. 
Interestingly, in the absorption spectrum, addition of other anions 
was failed to alter the ground state behavior of the probe except 
F‒ ion which is shown in Figure 1. The free probe BHDL displays 
three absorption bands at 252, 372 and 492 nm (molar extinction 
coefficient: 9.9 × 104 M-1 cm-1, 5.6 × 104 M-1 cm-1 and 1.3 ×104 
M-1 cm-1 respectively). The addition of the F‒ ion to the probe 
BHDL results in ratiometric changes in which the band centered at 
372 nm gradually reached hypochromic shift and the absorbance at 
492 nm attained hyperchromic shift along with a trivial increment 
in the absorbance of band obtained at 272 nm. The presence of 
well-defined isobestic points at 329 and 410 nm indicates that 
only two species coexisted at the equilibrium (Figure 2). The 
observed changes in absorbance in the presence of fluoride ion 
can be attributed to the formation of hydrogen bonding complexes 
with the -OH group of salicyl unit that eventually resulted in a 
deprotonation. 

Figure 2: UV–visible absorption spectra of BHDL (1 × 10-5 
M) with F- ions (0- 50 µM) in DMSO/H2O (9:1, v/v) system. 

Scheme 1: Synthesis of probe BHDL.

Scheme 2: Schematic representation of ESIPT cycle of 
BHDL.

To gauge the sensitivity of the probe BHDL towards various 
anions, fluorescence titration experiments have been performed 
in DMSO/H2O (9:1, v/v) system. Interestingly, the fluorescence 
response of BHDL in the presence of other competing anions was 
inapt except F‒ ion in the same environment as shown in Figure 
3. In probe BHDL, the phenolic -OH of diiodosalicyl moiety has 
an ability to excite the intramolecular hydrogen bonding towards 
imine nitrogen in ground state strongly initiate the ESIPT process 
as shown in Scheme 2. Under identical conditions, the fluorescence 
spectrum of the probe BHDL disclosed dual emissive bands centered 
at 430 and 555 nm when excited at 370 nm as shown in Figure 4 due 
to ESIPT operate on BHDL. The dual emissive band was perceived 
at 430 nm and 555 nm dispensed to the enol and the keto tautomer 
respectively owing to the ESIPT process. Upon titrated with F‒ ion 
towards probe displayed “turn -on” responses, initially the band 
obtained at 430 nm has attained slight enhancement in intensity 
and the emission band at 555 nm was blue shifted approximately 

Figure 1: UV- visible absorption spectra of BHDL (1 × 10-5 
M) with competing anions 5 equiv. in DMSO/H2O (9:1, 
v/v) system. 
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27 nm led to the appearance of the emissive band at 528 nm. 
Further incremental addition of F‒ ion gradually enhances the 
intensity of band at 430 nm with the expense of the band at 528 nm 
and finally disappeared completely. Moreover, enhancement of the 
fluorescence intensity induced by F‒ ions can be endorsed by the 
inhibition of ESIPT phenomena. The plausible ESIPT mechanistic 
pathway of BHDL with F‒ ion is described in Scheme 3. At the time 
of titration, the color of the complex turns into yellow color from 
orange, and it’s merely noticed by the naked eye (Figure 5).

Figure 3: Fluorescence spectra of BHDL (1×10-5M) with 
competing anions 5 equiv. in DMSO/H2O (9:1, v/v) 
system. Excitation at 370 nm. Slit width is 5 nm. 

Figure 4: Fluorescence spectra of BHDL (1 × 10-5 M) with 
F- ions (0-50 µM) in DMSO/H2O (9:1, v/v) system. (Insert 
Fig. is emission spectrum of probe). Excitation at 370 nm. 
Slit width is 5 nm.. 

Figure 5: Naked eye detection of F- ions with BHDL  under 
visible light (top) and fluorescence responses of F- ions 
with BHDL in UV-lamp (bottom). 

Scheme 3: ESIPT process of BHDL towards F- ion.

UV-vis and fluorescence investigation of BHDL towards 
biogenic amines

In order to develop a bifunctional chemosensor, further we 
have tested the biogenic amines sensitivity of the probe BHDL in the 
presence of other important aliphatic, aromatic and biogenic amines 
such as azane, methylamine, dimethylamine, trimethylamine, 
phenylethylamine, spermidine, spermine, tyramine, cadaverine, 
serotonin, histamine, L-tryptophan, dopamine, putrescine, 
D-glucosamine, glycine and TryptA respectively in DMSO/H2O (9:1, 
v/v) system by absorption and fluorescence spectroscopy. The 
absorption spectral investigation of BHDL with competing biogenic 
amines reveals that nullified changes in the absorbance spectrum 
excluding TtyptA as shown in Figure 6. At first, the probe BHDL 
shows three absorption bands obtained at 251, 372 and 487 nm 
(molar extinction coefficient: 3.7×10-4 M-1 cm-1, 2.9 ×10-4 M-1 cm-1 
and 0.75 × 10-4 M-1 cm-1 respectively). Upon the addition of TryptA, 
the probe BHDL exhibited a radiometric response in which the band 
at 372 nm was decreased with concomitant increase in absorption 
band at 487 nm along with new band at 284 nm as shown in 
Figure 7. Subsequent addition of TryptA to the probe BHDL, the 
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absorption band at 487 nm underwent blue shift approximately 
20 nm with two isobestic points at 331 nm and 408 nm and also 
with increment in absorbance of the band at 284 nm. From these 
observed results we conclude that both components are existing 
in equilibrium and also exhibit visible color changes in this state. 
Moreover, to analyze the fluorescence sensing potential of BHDL 
towards amines in DMSO/H2O (9:1, v/v) system. On the contrary, 
the addition of competing biogenic amines into the probe BHDL led 
to no discrepancy in the fluorescence intensity as shown in Figure 8 
excluding TryptA. Under identical environments, initially the probe 
BHDL shows emissive bands at 433 and 555 nm when excited at 366 
nm. Further adding increasing amounts of TryptA to BHDL led to 
stimulate specific fluorescence “turn-on” response with an increase 
in emission intensity at 433 nm and also the expense of intensity 
at 555 nm which is attributed to the nucleophilic substitution 
followed by the elimination of -OH group of salicyl moiety present 
in BHDL by TryptA. Upon continuous addition of TryptA led to 
increase in fluorescence intensity due to the inhibition of ESIPT 
resembled with the F‒ ion (Figure 9) and the plausible mechanistic 
pathway of BHDL with TryptA is presented in scheme 4. At the time 
of the occasion, the solution turns into a light brown color from the 
orange color as shown in Figure 10.

Scheme 4: ESIPT cycle of BHDL with TryptA.

Figure 6: UV- visible absorption spectra of BHDL (2 × 10-5 
M) with other amines 5 equiv. in DMSO/H2O (9:1, v/v) 
system. 

Figure 7: UV –visible absorption spectra of BHDL (2 × 
10-5 M) with TryptA (0-100 µM) in DMSO/H2O (9:1, v/v) 
system. 

Figure 8: Fluorescence spectra of BHDL (2×10-5 M) with 
competing amines 5 equiv. in DMSO/H2O (9:1, v/v) 
system. Excitation at 366 nm. Slit width is 5 nm.

Figure 9: Fluorescence spectra of BHDL (2 × 10-5 M) with 
TryptA (0-100 µM) in DMSO/H2O (9:1, v/v) system. 
Excitation at 366 nm. Slit width is 5 nm. 
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Figure 10: Naked eye detection of TryptA  with BHDL 
(top) under UV-lamp and (bottom) fluorescence responses 
of F- ions with BHDL in visible light. 

Competitive experiments 

Figure 11: : Selectivity investigation of F- ion with BHDL 
in the presence of other cations. Excitation at 370 nm, Slit 
width = 5 nm.

Figure 12:  The red bars represent the change in 
fluorescence intensity of BHDL that occurs upon the 
consequent addition of competitive anions. The pink bars 
represent the addition of the competing amines to BHDL. 
Excitation at 370 nm, Slit width = 5 nm.  

To analyze the selective sensing behavior of BHDL, competitive 
experiments have been performed in the presence of various 
concentrations of F‒/TryptA. The probe was treated with 5 equiv. 
of other competing anions/biogenic amines. In the presence 
of other competing anions/biogenic amines, there is a trivial 
intensity change in BHDL has been observed when compared 
with the solution containing only F‒/TryptA with the probe. This 
result suggests that BHDL allows selective F‒/TryptA detection in 
competing environment (Figures 11-14).

Figure 13: Selectivity investigation of TryptA with BHDL 
in the presence of other amines. Excitation at 366 nm, Slit 
width = 5 nm.

Figure 14: The maroon bars represent the change in 
fluorescence intensity of BHDL that occurs upon the 
consequent addition of competitive amines. The blue bars 
represent the addition of the competing amines to BHDL. 
Excitation at 366 nm, Slit width = 5 nm.  

Determination of job`s plot, ESI-MS spectra, binding 
constant and detection limit

To further confirm the effective binding of BHDL with F‒/
TryptA, Job’s plot analysis has been performed using fluorescence 
titration experiment. The result shows that the probe BHDL 
binds with both F‒ and TryptA via 1:1 stoichiometric mode as 
shown in Figure 15(A & B). To find the linear fit analysis of BHDL 
against [TryptA] and [F‒] by absorption and fluorescence titration 
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experiment and its intensity changes in a specific wavelength were 
plotted. When the changes in absorbance of the probe BHDL at 465 
nm vs both [TryptA] and [F‒] ions yield good linearity. Similarly, 
the changes in fluorescence intensity displayed a good linear 
relationship between the fluorescence intensities noticed at 416 
nm and 437 nm vs [TryptA] and [F‒] ions respectively (Figures 
5-8). Furthermore, the binding constant values of BHDL with F‒/
TryptA has been calculated using modified Benesi-Hildebrand 
equation from UV-visible and fluorescence titration profile. The 
binding constant values of BHDL were calculated to be 9.26 ×10-

4 M/3.89 ×10-4 M from UV-visible titration analysis and 1.60×10-4 
M/9.64×10-4 M from fluorescence titration analysis for F‒/TryptA 
respectively (Figures 9-12). From the binding constant values, 
the probe BHDL were efficiently bound with both F‒/TryptA. 
Furthermore, the probe BHDL might be sensing both F‒ and TryptA 
ions in low concentrations. The detection limits have been found to 
be 0.001×10-8 M and 0.002 ×10-8 M respectively.

Figure 15: (a): Job’s plot analysis of BHDL vs F- ion. (b) 
Job’s plot analysis of BHDL vs TryptA.

1H NMR titrations of BHDL with F‒ ions

Figure 16: 1H NMR titration profile of BHDL with F- in 0 
- 1equiv.

Moreover, to find additional support of the binding propensity 
of probe BHDL complexed with F‒ ions, 1H NMR titrations were 

completed in DMSO-d6. The probe BHDL was titrated with F‒ ions 
(0-1 equiv.), the phenolic -OH and -NH protons signals appeared at 
12.15/13.05 ppm was gradually reduced and disappeared with the 
addition of 0.5 equiv. to 1 equiv. of F‒ ion as presented in Fig. 16. The 
1:1 binding of F‒ ion with BHDL was further confirmed by 19F-NMR 
analysis. The (HF2)‒ signal appeared at -143.11 ppm (Fig. S13, See 
ESI) which corresponds to deprotonation process was initiated by 
the hydrogen bonding formation of F- ion with -OH group presented 
in the diiodo moiety.

DFT studies of BHDL with TryptA/F‒ ion
Besides, to assist the fluorescence enhancement of probe 

BHDL binds with TryptA/F‒, DFT calculations were performed. 
The ground state optimized geometry of probe BHDL and BHDL-
TryptA and BHDL-F‒ complexes were found using the DFT/B3LYP-
6-311G/LANL2DZ basis set. From these result discloses that when 
BHDL complexed with TryptA/F‒ ion (Fig. 17) led to reduce the 
HOMO-LUMO energy gap value. In probe BHDL, the HOMO and are 
delocalized over the diiodo moiety whereas LUMO is spread over the 
indole unit. When complexed with TryptA, HOMO is dispersed over 
the diiodo moiety alone, although the LUMO is located in the TryptA 
moiety alone. It is clearly demonstrating that inhibition of ESIPT 
and deprotonation of -OH proton processes developed in BHDL 
when binds with F‒ yields the ratiometric responses in absorption 
band appeared at 372 nm and 492 nm and also responsible for the 
increment in fluorescence band obtained at 430 nm along with the 
reduction of emission band at 555 nm. Further the probe BHDL 
binds with F‒ ion, HOMO is centered at the indole unit alone while 
the LUMO placed at diiodo unit with lowering band gap. From these 
results F‒ ion has bound efficiently than TryptA.

Figure 17: The frontier molecular orbital diagram of probe 
BHDL and with TryptA/ F- ion.

Comparison of BHDL with previously reported TryptA 
selective sensors

TryptA selective probes were compared with previously 
reported probes (Table 1). Based on these reports, our probe BHDL 
has the ability to detect TryptA in too low concentration range 
compare than permitted level recommended by the Environmental 
Protection Agency (EPA) and it was utilized to gauge TryptA ions 
in real system. Henceforth, our probe BHDL has possessed more 
admirable biological application and it can be used in environment 
sample analysis.
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Table 1: Previous reports of Tryptamine sensors with their LOD.

S. No Receptors Fluorescence Responses LOD Applications References

1 Tetraphenylethenes derivative Turn - On 50 ppm ------ M Nakamura, et al. [15]

2 Co-pillar[5]arene sensor Voltametric responses 113 µM ------- R Kothur, et al. [16]

3 Heterobimetallic Ru(II) –Ln (III) Complexes as 
Chemodosimeter Turn - On 3.3 × 10-5 M ------- C Chow,  et al. [18]

4 Coumarin derivative Turn - On 10  µM ------- B Lee, et al. [14]

5 Charge coupled device Ion Image Sensor 13.5 μM -24.5 μM ------ T Hattori, et al. [31]

6 Fluorescent Nanotubes Turn - On 9 ppb, Y Hu, et al. [19]

7 2-(2-hydroxyphenyl) quinazolin-4(3H)-one Turn - On 0.08 M ------ M Gao, et al. [20]

8 Bifunctional Enzyme Fusion Turn - On 0.1 mM ------ J Lee, et al. [22]

9 Dicyanovinyl Reactive Dyes Turn - On 7.9  μM ------ T Mastnak et al. [11]

10 BHDL Turn - On 0.002 ×10-8 M Present work

Conclusion
 In summary, we have designed a 5-bromoindolehydrazone 

anchored diiodosalicylaldehyde derivative as a bifunctional probe 
BHDL that detects F‒ and TryptA in DMSO/H2O (9:1, v/v) medium. 
The probe BHDL has shown higher selectivity and sensitivity 
towards F‒/TryptA over competing anions/biogenic amines with an 
excellent and strong ratiometric changes in absorbance and “turn-
on” responses in fluorescence. These experimental results suggest 
that deprotonation process and inhibition of ESIPT mechanistic 
strategies were responsible for the optical responses of the probe in 
the presence of both F‒/TryptA and it can be efficiently supported 
by DFT calculations. The binding constant values of the complexes 
BHDL-F‒/BHDL-TrypA were found to be 9.26 ×10-4 M/3.89 ×10-

4 M from UV-visible titration profile and 1.60 ×10-4 M/9.64 ×10-4 
M from fluorescence titration profile for F‒/TryptA respectively 
could demonstrated their stability and affinity of ghost/guest. The 
detection limits of probe BHDL with F‒/TryptA has been acquired 
to be 0.001×10-8 M and 0.002 ×10-8 M respectively might be used in 
real system.
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