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The N-alkyl derivative of 1,9-pyrazoloanthrone has been
synthesized, characterized and evaluated as a potent sensor
for picric acid.

The detection of explosive chemicals immensely attracted the
attention pertaining to defence, environmental and humanitarian
implications.* The utilization of nitro compounds and nitro aromatics
as explosive materials in both military and civilian applications
makes them more vulnerable to offensive acts. Nitro aromatics such
as picric acid (PA) and trinitro toluene (TNT) are extremely used in
the production of landmines.? This creates a colossal threat to the
civilian population as these explosives were inflexible to remove and
demining. By using sophisticated analytical techniques such as IR,
Raman spectrometry and X-ray, these explosive chemicals can be
detected®, however cost and portability of such equipment serve as
major draw backs, even though these methods are regarded as highly
efficient.

Fluorescence detection on chemical sensing of fluorescent
materials provides a suitable and cost effective alternate for the
detection of explosive materials due to their high responsiveness,
simplicity, short response times and the capability to detect
fluorescence in both solid and solution phases.4 In recent years,
several materials like oligomeric, polymeric, calix[4]arenes and nano
based materials are used for detecting various explosives,® in which
the change in fluorescence response in presence of nitro aromatics is
the key feature towards the detection. However, the detection of
explosives presents a challenge owing to some obstacles such as
sensitivity, stability, toxicity and biodegradability of these materials.
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Iptycene-based poly phenylene ethynylenes (PPE), % anthracene
based polymers ® polyphenylenebutadiynylenes, ® polyacetylenes,
polymetaloles,® silica-supported  metalloporphyrins,®*  pyrene-
copolyimides,® poly(2-methoxy-(2’-ethylhexloxy)-p-phenylene-
vinylene ( MEH-PPV),®" metal-organic frame works ( MOFs)® and
dendrimers’ are some of the widely studied examples for the
detection of nitro aromatics. Except a few, many of these materials
are comparatively expensive to prepare in large scale and involve
heavy synthetic efforts.® Small molecule based fluorescent sensors
for the detection of explosives have also been investigated but to a
less extent.® Small molecules provide some advantages over the
other materials in terms of preparation, well established structural
features and cost-effectiveness. Small molecules like pyrene
derivatives and anthracene derivatives have been investigated for the
detection of nitro aromatics by fluorescence quenching.’® Kumar et
al." reported benzocoronene and phenylene-based molecules for the
selective detection of picric acid at very low concentrations. To the
best of our knowledge electron rich anthrapyrazolones, having a
wide variety of both physical and biological properties,** have not
yet been explored as potential sensors for the detection of electron
deficient nitro aromatics like picric acid. Herein we report on the
properties of N-alkylated anthrapyrazolone as fluorescent sensor for
the detection of picric acid and other nitro aromatics.

Condensation of 1-chloroanthraquinone with hydrazine
gives 1,9-pyrazoloanthrone.*® N-alkylation of 1,9-
pyrazoloanthrone gives 2-hexyldibenzo[cd,g]indazol-6(2H)-one
(here after abbreviated as 1).** Compound 1 shown in Fig. 1
has been purified by column chromatography and characterized
by NMR, HR-MS and single crystal X-ray diffraction studies
(See ESIt). Needle shaped yellow color crystals of compound 1
were obtained from a mixture of EtOAc/hexane (2:8 v/v) by
slow evaporation at ambient temperature. The compound 1
crystallizes in a monoclinic space group P2;/n, Z=4 (Fig. 2a).
The packing is dominated by the presence of C-HeeO
hydrogen bonding with further stability is imparted by meeen
stacking at a distance of 3.5A (Fig. 2b).
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Fig. 1 Chemical structure of compound 1
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Fig. 2 (a) ORTEP diagram of compound 1 with displacement
ellipsoids shown at 50% probability. (b) Packing diagram of
compound 1 along a-axis.

The UV absorbance spectra of compound 1 in CHyCI,
displayed distinct absorption bands with absorption maxima
(Amax) at 275, 302 and 425 nm respectively. Absorption and
emission spectrum of compound 1 in different solvents has
been explored (ESIT) to assist in establishing the nature of these
bands. The longer wavelength band at 425 nm represents an
intra-molecular charge transfer (ICT) band with the other high
energy bands correspond to structural bands (Fig. 3a). Emission
spectra exhibited strong band with emission maxima centred at
(Amax) 465 nm upon excitation at 420 nm (Fig. 3b). Insets of
Fig. 3b shows blue colour fluorescence, observed for the
compound 1 in CH,CI, solution while irradiating with a UV
lamp (Aex =365 nm).
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Fig. 3(a) Absorption spectra (b) emission spectra of compound
1in CH,Cl,.
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Unlike in absorption spectra, fluorescence spectra of compound
1 in different solvents exhibit a remarkable red shift. For
instance, emission at 440 nm in toluene and 510 nm in
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methanol were observed (Fig. 4). This is due to the
intramolecular charge transfer originating from nitrogen lone
pair to the keto group in the molecule at excited state. The full
width at half maxima increases with increase in the polarity of
the solvent which also proves intramolecular charge transfer.
Interestingly, this observation is in contrast to the observation
in most of Donor-Acceptor (D-A) systems. This may be
attributed to the suppression of non radiative decay owing to
the rigid nature of compound 1. These vivid photo physical
properties of compound 1 urged us to explore its sensor studies
towards electron deficient nitro aromatics.
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Fig. 4 Fluorescence spectrum of compound 1 in different
solvents.

Titration experiments have been carried out by using several
analytes in CH,CI, for the fluorescence response to evaluate the
specific sensing capability of compound 1 and the results are
shown in Fig. 5. The fluorescence quenching experiment has
been performed by addition of 300uL (1x10° M; 150 equiv) of
different nitro aromatics (2,4,6-trinitrophenol, 2,4-
dinitrophenol, 1,4-dinitrobenzene, m-dinitrobenzene, 1,4-
benzoquinone, o-nitrophenol, benzoic acid, p-nitrophenol and
o-dinitrobenzene) taken in CH,Cl, to 3mL of 1x10° M
solution of compound 1 also taken in CH,Cl,. Fig 5a
exclusively brings out the specific fluorescence quenching
ability of compound 1 towards picric acid alone in comparison
with other nitro aromatics. The most common analytes, 2,4-
dinitrophenol, o-dinitrobenzene and o-nitrophenol displayed
minimal effect on fluorescence quenching at higher
concentrations (Fig. 5b).
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Fig. 5(a) Fluorescence spectra of compound 1 upon addition of
different analytes in CH,Cl,. (b) Visual colour change of

compound 1 with different nitro aromatics under UV light (Aex
=365 nm).

The fluorescence titration for compound 1 has been
investigated by fluorescence quenching with the addition of
picric acid (PA). The titration experiment revealed that the
fluorescence emission intensity of compound 1 gradually
decreases upon addition of increasing amounts of PA (Fig. 6).
The appearance of faded blue color upon addition of PA to
bright yellow color compound 1 solution indicates the
formation of (1-PA) complex (inset in Fig. 6 ). The quenching
efficiency of sensor compound 1 is found to be superior
towards PA (96%) compared to other nitro aromatics (ESIY).
Further, the detection limits for compound 1 (towards picric
acid) was measured from the fluorescence quenching titration
experiment and it is found to be 1 ppm (ESI?).
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Fig. 6 Changes in the emission spectra of compound 1 in
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The selective fluorescence quenching of compound 1 upon
addition of PA was further corroborated by using Stern —

Volmer constant Kgy=2.5x10" M (Fig. 7, also ESI{). The
excess addition of PA to the compound 1 displayed no change
in absorption band at 425 nm. Further, *H NMR spectra (See
ESIY) are invariant before and after the addition of picric acid
to the sensor. In contrast, the fluorescence lifetime (See ESIY)
value (2 ns) of the sensor decreased upon picric acid addition
(fluorescence life time of 1-PA is 5.8 ps) indicating the
dynamic nature of quenching and a plausible excimer formation
through protonation of nitrogen centre by picric acid. Thus,
based on absorption, 'H NMR and lifetime studies, we
postulate an excited state charge transfer complex formation
between sensor and picric acid resulting in dynamic quenching
of fluorescence.
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Fig. 7 Stern—Volmer plot for sensor compound 1 with PA.

To obtain deeper insights into the electronic structure of
molecule, we performed density functional theory calculations
using Gaussian 09 software, B3LYP hybrid functional with 6-
31G (d) basis set. Frontier molecular orbital diagrams reveal
that highest occupied molecular orbital (HOMO) resides on
pyrazoloanthrone with small contribution from alkyl chain (Fig.
8). Lowest wunoccupied molecular orbital (LUMO) is
delocalised over entire 1,9-pyrazoloanthrone moiety.

HOMO (-6.07 eV)
Fig. 8 Shapes of the considered HOMO and LUMO orbitals
and their relative energy levels explored by B3LYP method
with 6-31G (d) basis set.

LUMO (-2.56 ¢V)

These frontier molecular orbitals are clearly disclosed that there
was strong delocalisation of lone pair of electrons on nitrogen
centres. As a result, protonation of nitrogen centre upon
addition of picric acid to the molecule stops the intramolecular
charge transfer from nitrogen (donor) to the m-system, which
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leads to the quenching of fluorescence. TD-DFT calculations
were carried out to correlate the absorption and emission
processes. The calculated absorption and emission values are in
good agreement with the experimental values (Table 1).

Table 1 TD-DFT absorption wavelengths for compound 1 at

TD-BMK/6-31G*/PCM//BMK/6-31G*/PCM level of theory.
Excited State E/eV | E/nm f f
1 3.15 392 0.1461 HOMO ->LUMO (95%)
3 3.93 315 0.0186 | HOMO-3 ->LUMO (94%)
4 4.26 290 0.1036 | HOMO-4 ->LUMO (93%)
5 4.29 288 0.0645 | HOMO-5 ->LUMO (95%)
1 3.15 392 0.1461 HOMO ->LUMO (95%)

We analysed the compound 1 coated TLC plate for the
detection of picric acid (Fig. 9).

a 1B
Fig. 9 Photographs of the fluorescence quenching of compound
1 coated on TLC plate for the visual detection of picric acid

(PA) at different concentrations under a 365 nm UV light. (a)
Pure compound 1 and (b) 107> M of PA.

Conclusions

Sensor property of N-alkylated 1,9-pyrazoloanthrone was
studied on electron deficient nitro aromatic systems. The
compound showed specific sensor activity towards picric acid
and the experimental results were correlated by DFT
calculations.
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