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We utilized the potential applications of 1,8-naphthyridine based sensors for the detection of various
nitroaromatics such as picric acid (PA), 3-nitrophenol (NP), 2,4-dinitrotoluene (DNT), 1,3-dinitrobenzene
(DNB), 4-nitrotoluene (NT), nitrobenzene (NB) and nitromethane (NM). Among the various
nitroaromatic analogues, nap-OH (1) and nap-Cl (2) sense picric acid (PA) much more efficiently, owing
to favourable electron and/or energy transfer mechanisms along with potential electrostatic interactions
with very low detection limits (1.12 and 0.96 ppm). Interestingly, both sensors 1 and 2 detect PA in
aqueous media (H,O/CH;0H, 8:2) with same quenching efficiency as in neat CH;OH resulting in cheap,
sensitive and environmental friendly detection methodology. Hence, minute molecules for picric acid
detection in aqueous and methanolic solutions, having low detection limit along with exceptional
quenching constant (ksy) overlaps with the present desires. In addition, sensors 1 and 2 exhibit instant
visualization of trace amount of PA both in solid-state and using test strips.

The indiscriminate use of highly explosive substances such as
nitroaromatics on a persistent basis is not only threatening the
environment but is also challenging the overall security which
has left people edgy.' As a wise measure, the detection of such
explosives requires immediate and effective consideration due to
their antiterrorism applications. A wide variety of methods have
been devised which can detect the presence of these explosives to
varying degrees like trained canine teams,” gas chromatography
coupled with mass spectrometry,” gas chromatography-electron
capture detection,® surface-enhanced Raman spectroscopy,™
mass spectrometry,’ X-ray imaging,*® thermal neutron analysis,*
electrochemical procedures* and ion mobility spectroscopy
(IMS).> Most of the current techniques known are either very
complex to carry out or are not cost effective which limits their
widespread applicability. Thus, there is an urgent need to find an
efficient and more reliable detection technique which is cheap
and easy to implement. Among various transduction methods, the
fluorescence technique is considered to be a most effective tool
for sensing nitro explosives owing to its simplicity, sensitivity,
safety, cost effectiveness and short response time and the ability
to be applied in both solution and solid state.®

In the last few years several fluorescent polymers’, MOFs®,
quantum dots (QDs)’ and small molecule-based sensors'® have
been developed for the detection of nitroaromatics. Surprisingly
very little attention has been given to sensitive detection of picric
acid, although it has been shown to be a high-power explosive
and is mainly used in the ammunition and explosive industry.'!
Apart from that, the explosive and poisonous nature of picric acid
renders its presence in the environment highly lethal. PA causes
several health problems including damage to respiratory organs,
skin irritation, nausea, skin allergy, vomiting, diarrhoea and
cumulative liver, kidney and red blood cell damage.'? In addition

50

w
b

60

to these detrimental effects, PA has also been recognized as a
toxic pollutant along with mutagenic properties.' Its strong UV-
Vis absorption but poor fluorescence intensity makes its detection
highly impractical. Furthermore, it is widely used in many
pharmaceutical and dye industries, chemical laboratories and for
the manufacturing of rocket fuels, fireworks and so on."* Owing
to its widespread uses, its presence in ground water and other
drinking water sources can thus be explicitly catastrophic and an
abomination for the general public. This makes the sensing of
picric acid extremely important both for national security as well
as for environmental safety.

In an independent approach, the introduction of small
molecules'® into the arena of picric acid detection has added a
new dimension to the existing methods and has simultaneously
brought a new hope in terms of pressure on the pockets at
organizational and individual levels. The development of sensors
that can detect PA in aqueous media is the main focus of
scientific community worldwide. The first ‘small molecule based
colorimetric and fluorescent receptor for PA detection’ was
reported in 2011.'® Later, Kumar, Zheng, Mukherjee and others
have published ‘small molecules base sensors’ for the detection
of PA.'7 Herein, we report a small molecule i.e. 1,8-naphthyridine
based fluorescent sensors for the detection of PA both in neat
CH;OH and aq. methanolic solutions. 1 and 2 are easily adsorbed
on hand held test strips. These test strips provide an easy way to
detect trace amounts of PA without any experimental setup.
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nap-OH (1) nap-Cl (2)

Fig. 1 Molecular structures of sensors 1 and 2.
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Experimental section

Materials and methods

used for all calculations. Frequency calculations carried out on
the optimized structures confirmed the absence of any imaginary
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frequencies.
All the chemicals used in this work were purchased from
commercial sources and used without further purification.
Solvents were dried and freshly distilled according to standard
procedures. The receptors 1 and 2 were synthesized using
reported literature methods.'® UV-Visible spectra were recorded
on an Agilent Cary 100 spectrophotometer, using a pair of quartz
cells of 10 mm path length. The fluorescence spectra were
10 recorded on a Hitachi F-4600 spectrofluorometer using a quartz
cell of 10 mm path length. 'H and C NMR spectra were
recorded on a Bruker AVANCE 500 MHz spectrometer in CDCl;
and DMSO-ds. HRMS-ESI mass spectra were recorded on a
Bruker Daltanics micro-TOF mass spectrometer using CH;CN as
15 solvent. Fluorescence lifetime measurements were recorded on a
Horiba Jobin Yvon ‘FluoroCube Fluorescene Lifetime System’.
The relative fluorescence quantum yields (¢p) were estimated by
using equation 1 by using the integrated emission intensity of
anthracene (¢ = 0.36 in cyclohexane) as a reference.

Results and discussion

o
S

The fluorophores (1 and 2) were synthesized'® in quantitative

yields by reported methods. They were fully characterized by

various spectroscopic methods such as UV-Visible, fluorescence

and multinuclear NMR ('H and "*C) and electrospray ionization
¢s mass spectrometry (ESI-MS) (Figures S1-S6, ESI). The
fluorescence spectra of 1 and 2 in CH;OH exhibit strong emission
at 385 and 397 nm when excited at 340 and 345 nm, respectively
(Figure S7 in the ESI). The emissive nature of 1 (® = 0.72) and 2
(® = 0.32) encouraged us to investigate their potential use for the
detection of nitroaromatics.

To explore the ability of 1 and 2 to detect trace quantities of
nitro explosives, fluorescence titrations were performed with the
incremental addition of analytes. Fast and effective fluorescence
quenching was observed only upon incremental addition of PA
75 solution. Upon addition of 4.5 equiv and 4 equiv of picric acid,

the emission bands of 1 and 2 were completely quenched (Figures

2a and 2b). The Stern-Volmer (SV) plots were linear at low
concentrations and subsequently deviated from linearity, bending
upwards at higher concentrations of PA (Figures S8-S9 in ESI).

s The nonlinear nature of the SV plot can be ascribed to self-
absorption, a combination of both static and dynamic quenching
and an energy transfer process between PA and receptors.?

-
S

(I)fs = (I)fr (Isample/lstd)(Astd/Asample)(rlzsample / nzstd) Eq 1

Where, ¢ is the absolute quantum yield for the anthracene used
as reference; Igumple and Iyq are the integrated emission intensities;
Agmple and Agq are the absorbance at the excitation wavelength,
and Ngmple and Ngq are the refractive indices.

)
S

s Sensors 1 and 2 were synthesised using one step reported
procedure.18 304 (a) ®)

2-amino-7-hydroxy-1,8-napthyridine (nap-OH (1)): 'H NMR
(500 MHz, DMSO-dg) 8 11.51 (1H, br s, OH), 7.67 (2H, m, 2 x
CH), 6.75 (2H, br s, NH,), 6.37 (1H, d, J = 8.5 Hz, CH), 6.14

w (1H, d, ] = 9.5 Hz, CH); °C NMR (125 MHz, DMSO-d¢) 8¢
163.7, 160.5, 150.4, 139.7, 137.3, 114.8, 105.2, 104.9. HRMS
(ESI+) [M+H]" caled. 162.058, found 162.059.

3000 < PA (0-4.5¢q.)

PA (0-4eq.)

F.IL

350 378 400 425 450 475 350 375 400 425 450 475 500
Wavelength (nm)

2-amino-7-chloro-1,8-napthyridine (nap-Cl (2)): '"H NMR (500
MHz, DMSO-dg) 64 7.86 (2H, m, 2 x CH), 7.18 (1H, d, J = 8.4
Hz), 6.77 (1H, d, J = 8.8 Hz), 5.28 (bs, 2H); °C NMR (125
MHz, DMSO-d¢) 8. 161.4, 139.5, 137.4, 117.1, 115.7, 113.5,

79.1. HRMS (ESI+) [M+H]" caled. 180.032, found 180.030.

Wavelength (nm)

Fig. 2 (a) Change in fluorescence intensity of 1 (40 pM) upon addition of
PA (0 - 18 x 10 M); (b) Change in fluorescence intensity of 2 (40 uM)
with the incremental addition of PA (0 - 16 x 10° M ) in CH;0OH.

w
b

os Therefore, we applied an exponential quenching equation Iy/I =
A + B2 Nonlinear SV curves fitted to the exponential
equations of Iyl = 242320602 8PA_1 944 and Iy1 =
2.237e'87728PAL] 628 for 1 and 2, respectively. A linear Stern-
Volmer plot was obtained from fluorescence titration at low
100 concentration of PA (64 uM) for the sensor 1 having kgy of 7.203
x 10* M. Similarly, for sensor 2, the Stern-Volmer plot was
linear till 32 uM concentration of PA with quenching constant of
3.903 x 10* M. In depth analysis of fluorescence titration
profiles lead us to conclude that both sensors interact differently
10s with PA. Furthermore, the fluorescence quenching titrations were
also performed with other nitroaromatics such as 3-nitrophenol
(NP), 2,4-dinitrotoluene (DNT), 1,3-dinitrobenzene (DNB), 4-
so Full geometry optimizations were carried out using Gaussian 09 nitrotoluene (NT), nitrobenzene (NB) and nitromethane (NM).
package." The hybrid B3LYP functional has been used in all All other nitro compounds showed little effect on the
calculations as implemented in Gaussian 09 package, mixing the 1o fluorescence intensity (Figures S10-S11 in ESI). The quenching
exact Hartree-Fock-type exchange with Becke’s expression for of fluorescence intensity of 1 in CH;OH was observed with
the exchange functional®® and that proposed by Lee-Yang-Parr excess of NP (>20 equiv.), DNT (> 88 equiv.), NT (> 128
ss for the correlation contribution.”’ The 6-311+G(d,p) basis set was equiv.), DNB (>144 equiv.), NB (> 176 equiv.) and NM (>576

Fluorescence titrations

40 Fluorescence titrations were performed using freshly prepared 40
uM solutions of 1 and 2 in CH;0H and H,O:CH;0H (8:2, v/v).
To these, aliquots of freshly prepared stock solution (2x107> M)
of nitroaromatic compounds (NACs) were added. The titration
experiments were performed at 298 K and each titration was
repeated three times to the get concordant outcomes. For all
measurements, 1 and 2 were excited at A, = 340 and 345 nm,
respectively.

4

o

Computational Methodology
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equiv.) (Fig. S12 in the ESI). Also, the quenching of fluorescence
emission of 2 in CH3;0H was observed with excess NP (> 22
equiv.), DNT (> 96 equiv.), NT (> 256 equiv.), DNB (> 240
equiv.), NB (> 288 equiv.) and NM (> 480 equiv.) (Fig. S13 in

s the ESI). However, in case of picric acid complete fluorescence
quenching of 1 and 2 (40 uM) was observed for much lower
concentrations viz. 180 uM (4.5 equiv. for 1) and 160 uM (4
equiv. for 2).

160 50
1. (A B) ® pa
10940 = NP
120 > = “ A T
= N e
100 DNT 30 " * '\,B
_ By 2 s N
I w ¥ = - = oNT
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Fig. 3 The Stern-Volmer plots for different concentration of various
nitroaromatics for sensor 1 (A) and for sensor 2 (B) in CH;0H.

20 This clearly demonstrates the high selectivity of 1 and 2 towards
PA over other nitro analytes. From the SV plots in CH;OH, we
were able to calculate the quenching constants and analyse the
quenching efficiencies of various analytes (Figure 3).* Table 1
lists the SV quenching constants and detection limits data of

25 sensors 1 and 2. These sensors are highly sensitive and can detect
PA down to 1.12 and 0.96 ppm, respectively (figures S14 and
S15, ESI). We also investigated to see if protonation of the
sensors was the conclusive factor behind the fluorescence
quenching of the sensors 1 and 2. In this regard, the fluorescence

30 spectra of the sensors were recorded in the presence of excess
trifluoroacetic acid (TFA) (which is slightly more acidic than
PA), which showed a negligible effect on the fluorescence
intensity of the sensors compared to PA (Figs. S16a and S17b,
ESI). The quenching efficiencies remain almost same for PA

35 under both acidic and basic conditions (Figs. S16b and S17b).
Also, the response of sensors was same for PA even in the
presence of excess of TFA (Figs S16¢ and S17c¢).

Table 1. The SV quenching constants and detections limits data of
40 sensors 1 and 2 in CH;0H at 298 K.

2.00E-02

Sensor Stern-Volmer Constant Detection Limit
(ksv) (M) (ppm)
1 7.203 x 10* 1.12 (4.89 uM)
2 3.903 x 10* 0.96 (4.16 uM)
3300 400
30004 (a)
2700 4
2400 PA (0-4eq.)

2100
1800 4
1500 o
1200 4
900 -

600 o
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350 375 400 425 450 475

Wavelength (nm) Wavelength (nm)

so Fig. 4 Fluorescence spectra of the sensor 1 (a) and sensor 2 (b) (40uM)
upon addition of PA in H,O/CH;0H (8:2, v/v).
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Sensing Studies in Aqueous Media

In order to explore the empirical utilizability of these molecules,
the spectral response of the synthesized moieties was investigated
in aqueous medium (H,O:CH;0H, 8:2, v/v). Aqueous medium
was chosen because it is the solvent which nature utilizes to
sustain life. The quenching efficiencies of these sensors are found
to be similar in neat methanol and aqueous methanol
(H,0:CH;30H, 8:2, v/v), providing that these sensors can detect
PA in aqueous solutions. The ideal experimental results obtained
herein demonstrated the practical applicability of the sensors
toward PA sensing. Interference experiments to determine the
effects of other nitroaromatics on the interaction of PA with both
the sensors were also conducted (Figures S18-S19, ESI); the
fluorescence emission intensity of sensors 1 and 2 was almost
unaffected.

Lifetime studies

To get more insight into the sensing mechanism, time-resolved
decays were measured in the presence of PA. The decay profile
of nap-OH (1) and nap-Cl (2) upon titration of PA are illustrated
in Figures S20-S21 in the ESI, which shows that fluorescence
lifetime is found to be invariant at different concentrations of PA.
The Stern—Volmer plots for 1 and 2 are illustrated in (Figures 5a
and 5b) the forms of both I/I and t,/t, where I, and I are the
steady-state fluorescence intensity in absence and presence of the
quencher and 7, and 1 are the fluorescence lifetime in absence and
presence of the quencher, respectively.

190 50 n
h
@) ® i
150 —— 1/l o]
: TU/T —* T"/T
£ £ 30
e R
= =
2w )
S =
30 10
-
-10 0 r A
0 GE-05  0.00012 0.00018 0.00024  0.0003 0 SE-05 00001  0.00015  0.0002  0.00025
[PA] [PA]

Fig. 5 Fluorescence quenching plots of intensity ratio (Ip/I) and lifetime
ratio (to/t) of (a) sensor 1 (b) sensor 2 solution to the concentration of
target explosives.

Figure 5 suggests that the quenching is static in nature and a
ground state complex is formed between the sensors (1 and 2)
and PA. These results implied that there are strong interactions
between the sensors (1 and 2) and PA. The UV-Vis absorption of
the fluorophores upon addition of PA was also measured. As seen
in Figures S22 and S23 in the ESI, PA, nap-OH (1) and nap-Cl
(2) have their own absorption which is very strong and makes it
hard to observe obvious variation in absorption bands upon
addition of PA. Fluorescence responses of the fluorophores were
also measured at various excitation wavelengths (340, 345, 350
and 360 nm) to check the influence from PA absorption. It was
found that by varying the excitation wavelength caused no
significant change in quenching efficiencies (Figures S24 and
S25 in ESI), indicating that absorption of PA does not contribute
to the observed fluorescence quenching.*

Fluorescence Quenching Mechanism

To understand the origin of the high selectivity of 1 and 2

This journal is © The Royal Society of Chemistry [year]
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Analytical Methods

towards PA, the mechanism of quenching was explored. Figures
6 and S26 in the ESI show the HOMO and LUMO orbital
energies of electron deficient nitro compounds in gas phase and
methanol, respectively. The LUMO energies were in good

s agreement with the maximum quenching observed for PA%*®,
but the order of observed quenching efficiency is not fully in
accordance  with the LUMO  energies of  other
nitroaromatics.'°“??*%>*° For other NACs, quenching efficiencies
follow the order: DNB > DNT > NP > NB > NT > NM. This

o indicates that the photoinduced electron transfer (PET) is not the
only mechanism for quenching.

on O, cm, j)ﬂ NO, NO,
0L, LN N0 N H;C—NO,
N NN Ol NN N A I /l !
0 NO e L, =G iy
5’1 -1.66 s
2025 .
2 — s 2,454
2969 2917 2 —
-3 _3.596 ﬂ S e
454 A
-1 Luomo —_—
5
6163
% _6.467
A— 7223
-7 { HOMO ree 2
705
8 _8.617 _8.786 -8.437 A
Oy o —

Fig. 6 HOMO and LUMO energies of the frontier orbitals of the
fluorophores, quencher and other electronegative analytes in the gas
phase.

25 The non-linear SV plot for PA suggests an energy transfer

o S op, .
35 Oy, Aty
’ICS
1.0 4

40

45

mechanism. The resonance energy transfer can occur from a
fluorophore to a non-emissive analyte, if the fluorophore and
analyte are close to each other and the absorption band of the
analyte has an effective overlap with the emission band of the
fluorophore. Forster resonance energy transfer (FRET) can
dramatically enhance the fluorescence quenching efficiency and
also improve the sensitivity.?

S
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Fig. 7 Spectral overlap between the absorption spectra of analytes and the

s0 emission spectra of sensors 1 and 2.

Figure 7 shows that the absorption spectrum of PA and NP has a
large overlap with the emission spectrum of 1 and 2, whereas
almost no overlap was observed for DNT, DNB, NT, NB and
NM. This result suggests that the main quenching mechanism for

ss PA is the energy transfer.”® For other nitro compounds, the

quenching occurs only by electron transfer. The energy transfer is
a long range process, thus emission quenching by PA is carried
over to the surrounding fluorophores, thereby amplifying the

60

100

3

quenching response of 1 and 2. On the other hand, electron
transfer is a short range process, so that emission quenching by
other nitro compounds is limited to the fluorophores that have
direct interaction with the analytes. Thus, 1 and 2 respond more
selectively to PA than to other nitroaromatic compounds.

The quenching efficiency was high for the electron deficient
NACs having acidic —OH group. So, the presence of electrostatic
interactions can lead to the special selectivity of 1 and 2 for PA.
The fluorescence quenching titrations were also performed with
4-nitrophenol (NP). The order of the quenching efficiency was
found to be PA > NP, which is in complete agreement with the
order of acidity of these analytes (PA > NP). This may explain
the unprecedented selectivity for PA, as other nitro compounds
do not have a hydroxyl group and hence cannot interact strongly
with the free basic sites of the fluorophores (free amine nitrogen
and naphthyridine nitrogen on the surface) and so result in a very
low quenching. On the other hand, hydroxyl group containing
analytes such as PA, NP can interact with the basic sites of 1 and
2, and do so in the order of their acidity. PA, with its highly
acidic hydroxyl group interacts strongly with the fluorophores
and the quenching effect is carried over long range owing to the
energy transfer mechanism, thus leading to an amplified
response. As compared to other nitro compounds, sensors 1 and 2
exhibit a much higher fluorescence quenching response towards
PA, owing to favourable electron and energy transfer
mechanisms, as well as electrostatic interactions. Thus, the
presence of free basic sites in sensors 1 and 2 can be a useful tool
to achieve the selective detection of PA over other nitro
compounds.

Mode of binding of 1 and 2

Sensor 1, 2-amino-7-hydroxy-1,8-naphthyridine tautomerises to
the corresponding 2-amino-1,8-naphthyrid-7-one (figure S27,
ESI).”” As a result the aromatic nitrogen atoms of sensor 1 are not
as electron rich as the aromatic nitrogen atoms of sensor 2. The
interaction between the sensors and PA in solution was further
studied vie 'H NMR experiments (Figs. 8 and S28, ESI). The
signals of the hydrogen atoms located on the aromatic rings
generally shifted downfield upon addition of 2.0 equiv aliquots of
PA. In case of sensor 1, the difference in chemical shifts (Ad) was
0.187, 0.174 and 0.231 ppm, respectively. The chemical shifts
(Ad) of sensor 2 were comparatively downfield shifted as
compared to 1 (0.363, 0.4255, 0.4755 and 0.3035). These results
suggest that the nitrogen atom of the naphthyridine ring moiety of
2 was the only reasonable site for possible hydrogen-bonded
interaction with PA while in case of sensor 1 interaction with free
amine group occurs readily.

Page 4 of 8
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Fig. 8 "H NMR spectra (400 MHz) of the sensor 2 with PA in DMSO-ds.

In Fig. 8, the peaks at 7.08 and 8.22 ppm correspond to -NH,
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before and after addition of picric acid. The shift of NH, protons
from 7.08 to 8.22 ppm occurs possibly due to hydrogen bonding
between NH, of 2 and OH of picric acid as shown in Figure 8. In
case of sensor 2, the chemical shifts for aromatic protons after
addition of m-nitrophenol are in accordance with PA (Fig S29,
ESI). Furthermore, we have carried out cyclic voltammetric
studies for sensor 1. 1 has exhibited an irreversible oxidation
potential at 1.25 V (vs. Ag/AgCl reference electrode) due to
oxidation of amine moiety (Fig. S30, ESI). In contrast, PA and
10 other nitroaromatics exhibited anodic shift (positive) in redox
potentials (Fig. 6) which indicate their facile reduction and
electron accepting character. Particularly, phenolic nitroaromatics
can easily accept an electron from sensors 1 and 2 to form donor-
acceptor complexes.
15 Both 1 and 2 undergo fluorescence quenching on addition of
PA but their mode of interaction is different. More insight into
the fluorescence titration curves revealed that in case of sensor 1,
the fluorescence intensity quenches completely but in case of
sensor 2 there is generation of a new band as shown by circle in
figure 2(b). This fact is further supported by the optimized
structure obtained for both nap-OH (1)*PA and nap-Cl (2)°PA
via quantum chemical calculations using B3LYP/6-311+G(d,p)
program (Figures 9 and 10). The DFT-optimized structures of
both 1 and 2 with PA confirm their different modes of interaction

o

2

S

supporting the results of fluorescence titration profiles. The
optimized structure for 1#PA shows proton transfer from the
acidic —OH to —NH, group of 1 (formation of NH;" on 1) whereas
the DFT-optimized structure for 2¢PA shows a dissimilar mode

2:

G

Fig. 10 B3LYP/6-311+G(d,p) optimized geometry of 2¢PA in gas phase.

ss of interaction. The nitrogen of the naphthyridine group of 2
interacts with —OH group of PA, resulting in change of
naphthyridine group from a hydrogen-bond acceptor to a
hydrogen-bond donor (Fig. 10 and 11). Hence, the binding event
is likely to be based on the interaction between nitrogen and

6 phenolic -OH group. To support this view we did the titration in

presence of both phenol and o-dichlorobenzene. Fluorescence
quenching was observed only in the presence of large excess of
phenol and both the sensors remain insensitive to electron-
deficient o-dichlorobenzene (Figures S31-S32, ESI). As shown in

s Figures S33-S34, the results revealed that the energies of the
highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) of sensor 1 were -6.16eV
and -1.66eV, respectively, while those of 1°PA were -7.1eV and -
3.3eV, respectively. Similarly for sensor 2, HOMO and LUMO

70 were -6.46eV and -2.02eV, respectively, while for 2¢PA energies
were -6.73eV and -3.44eV. Meanwhile, the energies of 1°PA and
2ePA were minimal, which indicated that 1°PA and 2¢PA are
stable.

Summary of quenching mechanism

75

Fig. 11 Plausible scheme for picric acid sensing by sensors 1 and 2.

Picric Acid Detection in Solid State and using Test Strips

Visual detection of trace amounts of picric acid is very
so convenient for security scanning and prompt identification. For

this purpose, Compounds 1 and 2 were adsorbed on TLC plates

showing strong emission which becomes non-emissive when spot

of PA solution was co-adsorbed on these compounds (Fig. 12).

We prepared the test-strips by dip-coating Whatman filter paper
ss in CH3;0H solution of sensor 1 and 2 followed by drying in air.

95

100 Fig. 12 Fluorescence image of (Upper) compound 1 (a) adsorbed on a
TLC plate with a spot of PA solution (b) 10° M (c) 10* M (d) 10° M (e)
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107 M. (Lower) compound 2 (a) adsorbed on a TLC plate with a spot of
PA solution (b) 10° M (c) 10 M (d) 10° M (e) 10> M.

Then the strip was dipped into the methanolic solution of PA and
as expected fluorescence quenching was observed after
illuminating under UV lamp (Figure S35, ESI). This observation
demonstrated the instant visualization of trace amounts of PA.

Conclusions

In conclusion, we are reporting 1,8-naphthyridine-based minute
molecules for picric acid detection in neat methanol and aqueous
methanolic solutions with very low detection limits. Among the
various nitroaromatics, nap-OH (1) and nap-Cl (2) sense picric
acid (PA) much more efficiently, owing to favourable electron
and/or energy transfer mechanisms along with potential
electrostatic interactions. The experimental results are in fair
accordance with computational studies (DFT calculations)
regarding the mechanism and mode of interaction. The results
reported herein are a valuable addition to the field of small
molecule-based sensors for highly explosive picric acid.
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1,8-Naphthyridine-based fluorescent receptors for picric
acid detection in aqueous media
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Naphthyridinic fluorescent receptors (1 and 2) were utilized for the selective detection picric acid
(PA) in aqueous media which are able to detect ~ 1 ppm of PA via fluorescent ‘turn off” mode.



