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Abstract: Conducting polymers (CPs) have contributed significantly to the field of sensing. The
sensing of nitroaromatic compounds by fluorescence has recently gained more attention due to
its sensitivity and selectivity. In this study, polyaniline (PANI) was functionalized by forming a
polyaniline-Ag (PANI-Ag) composite and used as a fluorophore for sensing. The nitro groups
present in nitroaromatic compounds (NACs) such as 2,4,6-trinitrophenol (picric acid-TNP) and
Dinitrobenzene (DNB) act as electron-accepting molecules and quench the fluorescence of polymer
chains by showing an amplified quenching effect in which trace amounts of electron-accepting
NACs quench emissions of several fluorophore units. The PANI-Ag composite synthesized by
interfacial polymerization was analyzed using UV-vis spectroscopy and Fourier-transform infrared
(FTIR) spectroscopy for determination of molecular structure; X-ray powder diffraction (XRD) and
scanning electron microscopy (SEM/EDAX) for its morphology, which is cubic crystalline silver; and
thermogravimetric analysis (TGA) for the thermal stability. The fluorescence quenching mechanism
was deduced from the Stern—Volmer plot. The quenching constant value (Ksv) obtained from the
Stern—Volmer (S-V) plot was found to be Ksv = 0.1037 x 10° M~1 (TNP) and Ksv = 0.161 x 10* M~1
(DNB). The plot shows a single mechanism with formation of an exciplex complex for TNP with
a photoinduced electron transfer (PET) mechanism. The limit of detection (LOD) is found to be
TNP =5.58 x 1077 M, whereas DNB = 23.30 x 10~® M shows that the PANI-Ag composite is a
potential fluorophore for sensing of nitroaromatic compounds in trace levels.

Keywords: conducting polymers; fluorescence quenching; nitroaromatic compounds; spectroscopic
method

1. Introduction

Nitroaromatic compounds (NACs) are primarily used in military and commercial
applications such as explosives, landmines, detonators, and in different industries and
may ignite and explode due to spark, friction, or heat. Among the NACs, the TNP is
the most dangerous as it has a low safety coefficient and is widely used in explosives
with high detonation velocity and various industries. The NACs react with concrete,
oxidizing materials, metals, and bases to form unstable by-products. The by-products
resulting from their preparation and degradation are harmful pollutants for soil and water
where they are released or stored [1]. Since these NACs are also used in terrorist activi-
ties, detection of NACs is important for safeguarding citizens [2]. In this regard, known
techniques such as Raman spectroscopy, ion mobility spectroscopy, mass spectroscopy,
chromatography, and electrochemical technique are used for detecting NACs, but these
techniques are expensive and require intensive training [3,4]. Among all these techniques,
the fluorescence technique is the most sensitive technique which can be used for high
energy materials (HEMs) detection. Fluorescence-based detection is the simplest, sensitive,
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selective, and most interesting technique, where the electron donor and acceptor groups
play an important role. In employing fluorescence quenching of conjugated polymers to
detect NACs, the electron-accepting nature of nitroaromatics is used for their detection
using fluorescent-conjugated polymer. Fluorescence-based detection is again classified into
turn-on and turn-off techniques. Swager and co-workers used nicotinamide adenine dinu-
cleotide NADH analog 10-methyl-9, 10- dihydroacridine (AcrH2) to form (AcrH+) during
photoreduction with 1,3,5-trinitro-1,3,5-triazinane (RDX), and Pentaerythritol tetranitrate
(PETN) activates fluorescence to show the turn-on mechanism [5]. Pandya et al. designed a
sensitive nanocurcumin-based nanomaterial to detect trace amounts of 2,4,6-trinitrotoluene
(TNT) by the formation of nano aggregation through nanomaterial surface energy transfer
(NSET) [6]. Samuel et al. developed a fluorophore diisopropyl carbodiimide fluorophore for
detecting TNP through a miniaturized fiber-optic fluorescence analyzer, wherein the nano
concentration of TNP forms a Meisenheimer complex and shows a turn-on mechanism with
a detection limit of 100 nM [7]. These turn-on mechanisms lack sensitivity, which can be
overcome by the fluorescence turn-off mechanism. The fluorescence quenching process in-
volves several mechanisms including PET (photoinduced electron transfer) or fluorescence
resonance electron transfer (FRET) mechanism. The 7- conjugate molecules with excellent
fluorescence properties are widely used for sensing nitroaromatic compounds with high
sensitivity [8,9]. Xing et al. synthesized an amino-functionalized Zn-MOF for detecting
TNP through fluorescence quenching with an LOD of 5.6 x 10~7 M [10]. Zhanga and
co-workers used a naphthalene-based fluorescent probe by intramolecular charge transfer
emission with Tris-ClO4 buffer solution for the detection of TNP and obtained an LOD of
5.3 nM [11]. Ma et al. employed three different core—shell porous aromatic frameworks
of pyrene to detect the specific analyte by a donor-acceptor electron-transfer mechanism
with a fluorescence quenching of Ksv = 2.42 x 1072 ppm for TNP [12]. Wang et al. used
di-carboxylic acid-based hydrogen-bonded organic frameworks (HOF) with emission unit
9-phenylcarbazole for the detection of TNP and obtained an LOD of 60 nm [13]. Yang
et al. used lanthanide-based MOF with terephthalic acid ligand fluorophore to detect TNP
atan LOD of 1 x 107> M [14]. Other techniques for sensing NACs have been reported
in the literature. For instance, Rao and co-workers employed surface-enhanced Raman
spectroscopy with a gold-coated silver substrate for detecting TNP at 360 nm [15]. The
stripping voltammetry technique developed by Talwar and co-workers for the detection of
HEMs (such as TNT, RDX, HMX, and PETN) using tetrabutylammonium bromide with a
fixed voltage scan to the electrode showed changes in reduction and oxidation current and
achieved selective detection up to trace levels [16].

In recent years, conducting polymers (CPs) have received extensive attention in op-
toelectronic devices and other applications because of their cost-effectiveness, sensitivity,
processability, etc. Because of their structural versatility, conducting polymers are also
used as fluorescence-based detectors for biomaterials [17]. Conduction in CPs is caused by
conjugation (alternative double bond and single bond), which has a small HOMO to LUMO
energy band gap, forming electron-hole pairs that delocalize throughout the polymer
chain. On photoexcitation, electrons jump from the highest occupied molecular orbital
(HOMO) to the lowest unoccupied molecular orbital (LUMO), resulting in the formation of
an excited state, which is then de-excited to produce fluorescence emission and is used as a
detector [18]. Polyaniline is one of the most studied conducting polymers due to its ease of
synthesis, stability, and good physical and chemical properties, which can be controlled
by doping. Raghupathy et al. showed PANI is used in various sensor applications due
to its conducting and electrochemical properties [19]. The literature contains reports on
PANI-based compounds used to detect NACs by using various PANI properties. Wang et al.
used a photothermal detection technique by using a fabricated PANI-based paper sensor to
detect TNT and obtained a visible change in photothermal images as low as 14 ng/cm? by
forming a Meisenheimer complex with PANI, forming a brown solution having absorption
peaks of 437 nm and 775 nm, demonstrating the NIR photothermal effect [20]. Zhang et al.
used a chemiresistive property to prepare flexible PANI-coated filter paper by spraying
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and achieved improved conductivity for sensing of vapor NACs with response times as
low as 8.1 s. The NACs adsorbed on the PANI take electrons from PANI and increase
the entire carrier [21]. Sung et al. used a fabricated PANI-MWNTs (multi-walled carbon
nanotubes) composite as a chemiresistive sensor material for NACs gases by the change
in resistivity showing high sensitivity with specific molecular detection [22]. Kar et al.
used poly (m-aminophenol)/silver nanorod composite-based paper strips for sensing of
TNP with a dip process in DMSO solution, studied resistivity changes, and obtained lower
resistivity for TNP with selective detection [23].

According to literature reviews, polymer-based composites improve optical properties
in sensors by forming an inner surface, porosity, and large surface area, which increases
interaction for the detection of analyte and has increased mechanical strength, durability,
and thermal conductivity [24]. The composites improve the fluorescent response and
accuracy while decreasing the luminescence quantum yield. These improved properties
are achieved on these composites through covalent and non-covalent interactions (such as
hydrogen bonding and 7t-7t stacking) in composites [25].

In the present study, the fluorescence property of PANI for sensing NACs and un-
derstanding its interaction with the polymer during fluorescence quenching is shown in
Figure 1. The PANI acts as a fluorophore having benzenoid and quinoid units in which the
benzenoid group contributes the fluorescence to the polymer chain, whereas the quinoid
unit has a short-lived excited state without fluorescence and quenches some of the fluo-
rescence emission adjacent to the benzenoid unit of PANI [26]. The PANI with variable
oxidation states, i.e., pernigraniline, a fully oxidized form with an equal number of ben-
zenoid and quinoid units; emeraldine, a partially reduced form having a higher number of
benzenoid units compared with the quinoid units; and luecoemeraldine, a fully reduced
form, have a complete polymer chain containing benzenoid units [27]. These help in distin-
guishing between different analytes based on the fluorescence quenching and by changes
in oxidation potential to select the suitable analyte by developing a toolkit for sensitive
and selective sensing. In this work, we employed polyaniline as a PANI-Ag composite
with enhanced physical, chemical, and optoelectronic properties such as thermal stability,
conductivity, dielectric properties, and fluorescence property. The PANI-Ag composite
was used as a fluorophore for quenching studies by using NACs such as 2,4,6- trinitrophe-
nol (TNP) and dinitrobenzene (DNB), and understood the mechanisms of interaction by
employing various characterization techniques. Here the PANI-Ag composite with conju-
gation undergoes quenching with the NACs where the nitro groups in the NACs accept
the electrons from the fluorophore and show fluorescence quenching with a molecular wire
effect. The single receptor NACs reduce the transport property of exciton by accepting
electrons to quench fluorescence to a large extent and enhance the chemo response of the
sensor [28].
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Figure 1. PANI-Ag composite and interaction of TNP with the PANI-Ag composite.
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2. Materials and Methods
Synthesis of PANI-Ag Composites via Interfacial Polymerization

The PANI-Ag composite was synthesized by interfacial polymerization as shown
in Figure 2 [29] using the chemical oxidation method by APS (ammonium persulfate-
(NH4)25,03). All chemicals, solvents used were of analytical grade from S D Fine Chem
limited, India. An amount of 0.1 M of AgNO3 was dissolved in 1.0 M HNOj3 and added to
the organic phase, which contains aniline in CHCl;3 (chloroform). Then, 0.1 M of ammonium
persulfate dissolved in 1.0 M of HNOj solution was added slowly to the solution and
then stirred for 4 h until a dark green solid was formed slowly at the interface and then
gradually diffused into the aqueous phase after 24 h. Then, the aqueous layer was separated
from the organic layer (orange color/little brownish color), filtered, and washed with
ethanol and water to remove unreacted aniline. The compound was dried at 40 °C for
36 h and the dried PANI-Ag composite sample was used for characterization and further
studies. During polymerization, the Ag* (from AgNO;) reacts and reduces to Ag®, which
interacts with PANI to form the PANI-Ag composite that is confirmed by characterization
techniques [29,30].

—= AgNO5+HNO;

APS at 0 C
———)

ﬂ Filtration

iline+CHCl3 —= PANI-Ag composite

3

+AgNO; —— 3=
0°C 24 Hrs

S| HO-O

Figure 2. Flow chart for synthesis of the PANI-Ag composite.

3. Results
3.1. FTIR Studies

Figure 3 depicts the FTIR spectrum, which is assigned in Table 1. The FTIR peaks
match with standards. There are 11 major peaks observed from the FTIR spectra. The peaks
at 1556 cm~! and 1479 cm ™! are for the N=Q=N Quinoid (Q) and the N-B-N Benzenoid
(B) rings stretching for PANL In the case of PANI-Ag composites, the N=Q=N Quinoid
(1577 cm~1) and N-B-N Benzenoid (1485 cm™!) ring stretchings show a shift in the stretch-
ing frequency to a higher value when compared with pure PANI, indicating the interaction
between Ag and PANI [30]. The new C-N stretching in QBQ is observed in the PANI-Ag
composite at 1381 cm~!. The peak at 1105 cm~! for Q=NH*-B or B-NH**-B in PANI-Ag
composite also shifts; these changes are due to the sharing of a lone pair electrons of PANI
with Ag. The remaining peaks at 1294 cm~!, 1238 cm~!, 794 cm~!, and 702 cm ! are
for (C-N) stretching of secondary aromatic amine, (C-N) stretching of primary aromatic
amine, C-H mono substituted or 1, 2-disubstituted ring, and out of plane ring bending
(monosubstituted ring). The peaks at 1008 cm~?, 875 cm~!, and 615 cm ™! are for dopants
HNO3/ NO3~, which show a shift in the case of the PANI-Ag confirming the replacement
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of the acid group with Ag [31-33]. These shifts in peaks show the interaction between Ag
and Nitrogen in the polymer chain with the replacement of the acid group, confirming the
formation of the PANI-Ag composites. The TNP interaction with the PANI-Ag composite
shows the shift in peaks of the N=Q=N Quinoid (Q) and the N-B-N Benzenoid (B) stretching
with the C-N stretching mode of the benzenoid ring [26,34].
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Figure 3. FTIR spectra of PANI and the PANI-Ag composite.

Table 1. FTIR spectral assignment for PANI and the PANI-Ag composite.

PANI PANI-Ag Assignments
1558 1577 N=Q=N Quinoid (Q) ring stretching
1479 1485 N-B-N Benzenoid (B) ring stretching
1381 C-N stretching in QBQ units
1294 1296 (C-N) stretching of secondary aromatic amine
1238 1240 (C-N) stretching of primary aromatic amine
1105 1109 Q=NH*-B or B-NH**-B
1008 981 HNO3/NOj3™ group on aromatic ring gamma
(C-H) (1,4-disubstituted ring)/Q ring Deformation
875 879 HNO3, NO3~
794 794 ¢(C-H) (monosubstituted or 1,2-disubstituted ring)
702 702 Out-of-plane ring bending (monosubstituted ring)
615 594 HNO3

3.2. Scanning Electron Microscopy (SEM/EDAX)

The SEM micrographs are shown in Figure 4. The first row of micrographs shows
PANI with micro aggregations with a large surface area, whereas in the SEM micrographs
of the PANI-Ag composite in the second row, Ag forms a homogeneous cluster of the
PANI-Ag composite where Ag is surrounded by PANI granules. In this case, the Ag has
multiple positions to bind with the nitrogen sites of the PANI to form an interchain linkage
between several adjacent PANISs.
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Figure 4. SEM images of PANI and the PANI-Ag composite.

EDAX micrographs from Figure 5 show the quantitative analysis of the distribution
of Ag in PANI; it indicates the homogeneous distribution of Ag present in the PANI-Ag
composite. The EDAX also gives the surface estimated values of silver present in the
PANI-Ag composite, which is found to be 1.88% of the weight of Ag on the surface of
the PANL

Full Scale 226 cis Cursar: 0000

Elegctron Image 1

Figure 5. EDAX images of the PANI-Ag composite.

3.3. X-ray Powder Diffraction Studies

The XRD patterns of PANI and the PANI-Ag composite are shown in Figure 6, and
hkl values are tabulated in Table 2 [35,36]. The X-ray diffraction pattern of PANI gives
4 diffraction peaks at 20 = 9.2°,15.4°, 20.3°, 25.4°, 43.9°, and 64.3°, which matches with the
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standard and shows the semicrystalline nature of PANI. The XRD pattern of the PANI-Ag
composite shows 4 patterns of PANI and 4 extra peaks for Ag with 20 = 32.1°, 44°, 67°,
and 76°, indicating the presence of cubic crystalline silver, which is referred from JCPDS
file no. 04-0783 [37]. From the XRD pattern of the PANI-Ag composite, the average Ag
crystallite size is calculated using Debye Scherrer’s formula and is found to be 19.6 nm.
The other remaining peaks with 26 = 27.7°,46.1°, 54.7°, and 57.4° are due to the formation
of a crystalline Ag-capped PANI in the PANI-Ag composite, demonstrating the interaction
between Ag and PANI to form the PANI-Ag composite [38,39].

PANI
oy
D
c
2
£ PANI-Ag

2-Theta

Figure 6. X-ray diffractogram of PANI and the PANI-Ag composite.

Table 2. X-ray peaks of PANI and the PANI-Ag composite.

Sample 20 (h k1) Values Sample 20 (h k1) Values
8.9 //
14.7 (011)
20.7 (020)
25.1 (200)
92 // 27.7 (210)
15.4 011) 01 (111)
20.3 020) PANI-Ag )
PANI . 44 (200)
254 (200) composite
46.1 231)
43.9 //
643 /7 54.7 (142)
’ 57.4 (241)
64.3 //
67 (220)
76 311

3.4. Thermal Analysis (TGA)

The thermal studies of PANI and the PANI-Ag composite using thermogravimetric
analysis (TGA) are shown in Figure 7. Both of the traces for PANI and the PANI-Ag
composite show three steps of weight loss. The three steps of weight loss in PANI are
due to the release of adsorbed volatile solvent and moisture for the first step, from 30 °C
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to 100 °C, the second weight loss is due to the breakage of secondary bonds in between
polymer chains and dopant acids ranging from 180 °C to 400 °C, and the third weight
loss is due to the decomposition of polymer PANI, which begins at 500 °C and forms a
residue at the higher temperatures. The TGA traces of the PANI-Ag composites also show
a three-step thermal behavior with slight variation in these steps. In the first step, there
is less loss of volatile solvent and moisture compared with PANI and lower material loss
during the second weight loss. This is because the presence of Ag incorporated into the
polymer matrix reduced the protonated chain due to the presence of acids. The weight loss
in the third step is less than that of the bare polymer, indicating a higher residue formation.
The Ag in the polymer matrix forms links between PANI chains and increases the stability
of the PANI-Ag composite.

—— PANI-Ag
——PANI
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Figure 7. TGA thermograms of PANI and the PANI-Ag composite.

3.5. UV-vis Spectroscopy

Figure 8 shows the absorption spectrum of the PANI-Ag composite in DMF. It indicates
the presence of two absorption bands, a sharp intense peak at 333 nm and a broad peak at
597 nm, whereas PANI appears at 334 nm and 626 nm [40]. The intense peak at 333 nm
corresponds to the benzenoid and quinoid units 7t to 7* transition with a slight red shift
caused by the silver nanoparticles. The peak at 597 nm is for the n to 7* transition of
polaron or a nonbonding electron, which increases due to the presence of silver. There is
no noticeable peak shift in the PANI-Ag composite after the addition of TNP and DNB,
confirming the lack of interaction between the NACs and the PANI-Ag composites in the
ground state.
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Figure 8. UV-vis spectra of PANI and the PANI-Ag composite.

3.6. Fluorescence Study

In this study, fluorescence quenching experiments were carried out for sensing ni-
troaromatic compounds. The nitroaromatic compounds TNP and DNB are used as a
quencher and titrated against the PANI-Ag composite as a fluorophore at a constant con-
centration. A amount of 10 ppm of PANI-Ag composite, TNP, and DNB were prepared
in DMF for fluorescence studies. Figure 9 shows the emission spectra of the fluorophore
PANI-Ag composite when excited by different excitation wavelengths. The PANI-Ag com-
posite exhibits higher fluorescence emission at an excitation wavelength of 350 nm, and
this excitation wavelength is chosen for further quenching studies. The fluorescence in
PANI is caused by the 7— 7t* transition (HOMO to LUMO) of the benzenoid ring in the
polymer chain. Figure 10a shows the emission spectra of the PANI-Ag composite with TNP
and shows a maximum quenching of 70% achieved with the addition of 20 micromoles
of TNP. Further addition of TNP does not show any fluorescence quenching. When TNP
is added, the emission peak shifts slightly. This is due to the formation of an exciplex
complex between TNP and the PANI-Ag composite, stabilizing the excited singlet state
of the fluorophore by interaction with TNP. This exciplex is formed by the interaction of
an excited PANI-Ag composite with an unexcited TNP molecule resulting in the shift in
fluorescence [41]. Whereas Figure 10b shows the emission spectra of PANI-Ag composite
with DNB and shows 74% quenching on the addition of 475 micromoles of DNB, further
addition does not show any fluorescence quenching. From Figure 10b, it is observed that
the emission peak does not shift with the addition of DNB, which confirms that there is no
formation of the exciplex complex between the fluorophore PANI-Ag composite and DNB.
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Figure 9. Emission spectra of PANI-Ag composite at different excitation wavelengths.
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Figure 10. (a) Fluorescence spectra of the PANI-Ag composite with TNP. (b) Fluorescence spectra
of the PANI-Ag composite with DNB. (c) Stern—-Volmer plot inserted with LOD plot of the PANI-
Ag composite with TNP. (d) Stern—Volmer plot inserted with LOD plot of the PANI-Ag composite

with DNB.
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The Stern—Volmer plot (5-V plot) is also used to understand the mechanism and effi-
ciency of quenching. Iy /I Vs concentration is plotted in the S-V plot to obtain the Ksv value,
also known as the Stern—Volmer constant or quenching efficiency [42], where Ij is the initial
fluorescence intensity of the PANI-Ag composite and I is the intensity after the quencher has
been added. Figure 10c,d show a straight line indicating quenching by a single mechanism,
either a static or dynamic mechanism. Uv-vis spectroscopy shows that the absorbance
wavelength of the PANI-Ag composite and the PANI-Ag composite with analyte TNP does
not shift, confirming the absence of ground state interaction and reducing the possibility of
static quenching. Exciplex formation in fluorescence emission spectroscopy, on the other
hand, confirmed the possibility of dynamic quenching [43,44]. The slope of the S-V plot
gives a Ksv value which is 0.1037 x 106 M~! for TNP and 0.161 x 10* M~! for DNB. The
higher the value of Ksv, the better the efficiency of quenching [27,45-47]. The detection
limit from Figure 10c,d was assessed by plotting intensity vs concentration and applying
the formula LOD =3 S/K, where S is the standard deviation and K is the slope [34]. The
obtained LOD = 5.58 x 107 M (0.127 ppm) and LOD = 23.30 x 10~% M (3.916 ppm) for
TNP and DNB, respectively, indicate that the PANI-Ag composite is a better sensor for the
nitro compound of TNP [26]. The -OH group in TNP interacts with the nitrogen of the
composite resulting in the red shift in fluorescence [48]. These quenching constant and
LODs values of the PANI-Ag composite of TNP are compared with our previous studies
using different doped PANI, viz. CSA-PANI (6.14 x 10~7 M or 0.14 ppm) [26], BSA-PANI,
and DBSA-PANI [49] (LOD =1 x 107 M), indicating that the present results are better
than previous works.

Recently, conjugated polymers, supramolecules, macromolecules, perovskite, quan-
tum dots, and nanoclusters were used to study fluorescence quenching for TNP sensing.
The conjugated fluorescent polymers include poly fluorene derivatives, benzo[c] [1,2,5] sele-
nadiazole in polyfluorene backbone [50], anthracene-bridged poly(N-vinylpyrrolidone) [51],
and macro molecular organic compounds include phenanthroimidazole derivatives [52],
triarylamine-functionalized phenanthroline [53], quinoxaline-amine-based probe [54], novel
triphenylamine-pyrenyl salicylic acid [55], perovskite like p-xylylenediamine capped
CH;3NH;3PbBr3 perovskite [56], quantum dots of graphene quantum dots (GQD) [57], and
nanocluster-like polyvinylpyrrolidone-templated copper nanoclusters [58]. The authors
obtained various LODs (ranging from 10~¢ M to 10~ M) shown in Table 3 by employing
the above fluorophores in organic solvents such as DMSO, THE, CH3CN, and mixed solvent
with water.

Table 3. Limit of detection of variable fluorescent probes with TNP.

S1. No (Paper) Fluorescent Probe LOD

50 Poly fluorene derivatives 0.27 ppm

51 Anthracene-bridged poly (N-vinylpyrrolidone) 6 x107°M

52 Phenanthroimidazole derivatives 0.64, 0.53 and 1.05 ppm

53 Triarylamine-functionalized phenanthroline micromolar level

54 Quinoxaline-amine-based probe 521 ppm

55 Triphenylamine-pyrenyl salicylic acid 0.57 x 107° M

56 P-xylylene-diamine-capped CH3NH3PbBr3 perovskite 03 x107°M

Graphene oxide (GO) on the synthesis of graphene _

>7 ’ quantum dots (}C,;QD) o 12x107°M

58 Polyvinylpyrrolidone-templated copper nanoclusters 0.84 x 10°®*Mand 0.27 x 107* M

26 CSA-PANI 6.14 x 107" M

49 DBSA-PANI 1x107°M
Present work PANI-Ag composite 5.58 x 1077 M (0.127 ppm)

Furthermore, the presence of three nitro groups (electron-withdrawing group) in TNP
makes TNP an electron-deficient molecule, reducing the energy gap between HOMO and
LUMO of the analyte [59]. The fluorophores photo-excited electrons from HOMO to LUMO
converts LUMO into HOMO during electron transfer and these electrons are transferred
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from the HOMO of the PANI-Ag composite to the LUMO of the TNP which is present at
a lower energy state due to presence of the nitro group by which photoinduced electro
transfer (PET) takes place during the quenching. The nitro groups interact with the nitrogen
attached to the benzenoid and quinoid groups, i.e., secondary and tertiary amine groups
as shown in Figure 11 [26,34]. Figure 12 shows the absorbance spectra of TNP and DNB
with emission spectra of the PANI-Ag composite showing a small overlap between the
absorbance of TNP and emission of a fluorophore due to the small presence of the FRET
mechanism for quenching. Overall, these results show that the PANI-Ag composite acts
as a potential fluorophore for the detection of nitro compounds (TNP) and can be used in
optoelectronic devices.

Figure 11. Interaction of TNP with the PANI-Ag composite.
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Figure 12. Absorbance spectra of TNP and emission spectra of the PANI-Ag composite.

4. Conclusions

A PANI-Ag composite was synthesized by interfacial polymerization using a chemical
oxidation method. The XRD analysis revealed cubic crystalline silver with a crystallite
size of 19.6 nm. The formation of the thermally stable PANI-Ag composite was confirmed
by characterization techniques. The synthesized PANI-Ag composite was used as a fluo-
rophore for detecting nitroaromatic compounds such as TNP and DNB in this study. The
mechanism and efficiency of quenching were deduced from the studies. From the S-V plot,
the quenching constant value Ksv of TNP and DNB were found to be 0.1037 x 10° M~!
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and 0.161 x 10* M~!, respectively. Fluorescence quenching studies show the forma-
tion of the exciplex complex formed between the PANI-Ag composite with TNP which
shows the dynamic quenching on the interaction with TNP following the PET mechanism.
The LOD was found to be less for TNP = 5.58 x 10~7 M (0.127 ppm) compared with
DNB =23.30 x 107°* M. The morphology and thermal studies show that the PANI-Ag
composite has a large surface area with high stability, making it a potential material for
sensing studies of high-energetic nitroaromatic compounds or explosives.
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