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Facile construction of an anthracene-decorated
highly luminescent coordination polymer for the
selective detection of explosive nitroaromatics and
the mutagenic pollutant TNP¥
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Explosive nitroaromatic compounds (epNACs) are a group of chemicals that have caused significant human
casualties through terrorist attacks and they also pose health risks. For the benefit of homeland security and
environmental health, there is room for advancing research on the precise detection of epNACs.
Coordination polymers (CPs) successfully serve this purpose because of their binding abilities and
quenching capabilities. In this regard, a one-dimensional (1D) CP [Zn(bdc)(avp)>(H,0)], (1; Hybdc = 1,4-
benzenedicarboxylic acid and avp = 4-[2-(9-anthryl)vinyllpyridine) was synthesized, which remarkably
demonstrated extremely efficient ratiometric and selective sensing capacity toward epNACs and the
mutagenic pollutant 2,4,6-trinitrophenol (TNP) with a quick response. Density functional theory (DFT)
calculations provided a thorough analysis of the mechanistic routes behind the quenching reaction.
Herein, geometrically accessible interaction sites were strategically decorated using anthracene moieties,
allowing the quick and precise detection of explosive nitro derivatives and the carcinogenic pollutant

rsc.li/rsc-advances TNP with increased sensitivity.

Introduction

Over the past few decades, application-based research has
received great demand for the fabrication of next-generation
materials. Following Alfred Werner's groundbreaking investi-
gation, coordination compounds have become a dynamic player
in the world of materials.* Additionally, coordination polymers
(CPs)/metal-organic frameworks (MOFs), which are polymeric
forms of coordination motifs, have attracted significant atten-
tion due to their exciting structural features and potential
multifunctional applications.>” In this regard, there is a rela-
tion between the structural layout, properties, and applications
of the CPs, as the structural architectures can be modified to
impose the desired qualities by carefully combining organic
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ligands with inorganic metal ions. In recent years, a large
number of CPs have been developed as chemosensors for their
suitability in the detection of molecules, anions, or cations that
are present in a given medium, such as a solution, air, drinking
water, blood, tissue, and waste effluents.®*¢ Several methodol-
ogies are available in the field of recognition involving chemo-
sensors, such as atomic absorption spectroscopy (AAS),
spectrophotometry, chromatography, titrimetry, inductively
coupled plasma atomic emission spectrometry (ICP-AES),
inductively coupled plasma mass spectrometry (ICP-MS), fluo-
rescence spectrometry, fluorimetry, potentiometry, and X-ray
fluorescence spectrometry. Of these, the fluorescence
approach rises to the top to serve sensing activities due to its
quick response, high sensitivity, low cost, user-friendly opera-
tion, and capacity to evaluate genuine samples.””™ In this
aspect, luminous CPs/MOFs play a pivotal role in serving as
chemosensors because of their binding capabilities with
compounds that can be quenched via the energy or electron
transfer processes.>*>*

Explosive nitroaromatic compounds (epNACs) are signifi-
cant chemical reagents and have several uses in the chemical
industry; however, they have the potential to produce explo-
sions and cause environmental harm. Therefore, a quick and
accurate detection of epNACs is essential to protect us from
terrorist attacks.>**° In addition, the NACs produced by industry
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and chemical research laboratories pose a serious risk to living
beings and environmental systems. The long-term accumula-
tion of NACs may cause a number of health problems, including
lung ailments, asphyxiation, and cancer.?””** Therefore, a new
search is also underway to detect these NACs with appropriate
size, shape, morphology, and surface area of the chemosensors
based on CPs.*?* In this regard, anthracene-based CPs are
particularly important and have advantages over other lumi-
nescent CPs for sensing traces of NACs because of their capacity
to exhibit receptor-analyte interactions via -7 stacking
leading to enhanced photophysical properties.***' However, the
design of anthracene-based CPs acting as chemosensors
remains a challenge owing to their steric hindrances with
surrounding species. Very few anthracene-based CPs are avail-
able that exhibit sensitivity toward NACs.*

Accordingly, an effective strategy for producing luminescent
CPs involves the utilization of highly conjugated ligands to
attain a stable polymeric network. An illustration of such
a desirable ligand system, 4-[2-(9-anthryl)vinyl]pyridine (avp)
can be a potential contender where the pyridyl ring of avp may
be coordinated to the metal node with a free anthracene moiety.
Further, the interdigitation of these anthracene moieties could
assist in achieving higher dimensional CP through various
supramolecular interactions. Therefore, adhering to these facts,
avp containing an explicit one-dimensional (1D) luminescent
CP [Zn(bdc)(avp),(H,0)], (1; Hybde = 1,4-benzenedicarboxylic
acid) was developed. The structural analysis suggests that the
contrived CP 1 generates a 1D chain propagating along the ¢
axis, while the avp ligands dangle from the Zn-centre at both
sides of the chain, providing suitable spatial orientation for 7---
T interactions among the adjacent anthracene ring. This intri-
cate structural feature leads to distinct photophysical proper-
ties, thereby prompting an investigation into the recognition
ability of epNACs. Besides, the instances of luminescent CPs
proficient at distinctive, selective detection of the trace-level
TNP within a pool of epNACs for point-of-care testing applica-
tions are exceedingly infrequent in the literature. The synthe-
sized chemosensor material 1 exhibits remarkably sharp and
expeditious responses, indicating its potential for real-time
detection of TNP among various epNACs.

Experimental section
Materials and methods

All reagent-grade chemicals were purchased for the synthesis
and were used as received. A PerkinElmer 240C elemental
analyzer was used for carbon, hydrogen, and nitrogen elemental
analysis. A PerkinElmer FT-IR spectrum RX1 spectrometer was
used to record the infrared spectrum (IR) of the material using
the KBr method (4000-500 cm ™). Fluorescence spectra were
recorded using a PerkinElmer LS-45 fluorometer. With 1 mg of
CP 1 dispersed in 5 mL of acetonitrile (ACN) solvent, the
luminous properties were examined in a dispersive state for
further investigation of the photophysical characteristics and
sensitivity investigations. Different NACs were used in the
sensing study, including 4-nitrophenol (NP), nitrobenzene (NB),
3,5-dinitrobenzoic acid (3,5-DNBA), 2,4,6-trinitrophenol (TNP),
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4-nitrobenzoic acid (NBA), nitromethane (NM), 2,4-dinitro-
phenol (2,4-DNP) and 2,4-dinitrotoluene (2,4-DNT) in the solu-
tion of 10~ * M can.

Synthesis of compound 1

First, the avp ligand was synthesized following the literature
method.*” Then, in a test tube, a solution of avp (0.113 g, 0.4
mmol) in DMF (2 mL) was slowly and carefully layered to MeOH
(2 mL) using 2 mL 1:1 (v/v) solution of MeOH and H,O in
Zn(NO3)-6H,0 (0.059 g, 0.2 mmol). Afterwards, a solution of
H,bdc (0.023 g, 0.2 mmol) was neutralized with Et;N (0.021 g,
0.2 mmol) and a 2 mL EtOH was layered on it. After a few days,
light yellow coloured block-shaped crystals of {[Zn(bdc)(avp),(-
H,0)]},, (1) were obtained (0.094 g, yield 60%). Elemental anal-
ysis (%) caled for C50H3eN,Os5Zn: C, 74.12; H, 4.48; N, 3.46;
found: C, 74.3; H, 4.2; N, 3.7. IR (KBr pellet, cm™"): 1557 v
(COO™), 1386 14y (COO).

Single crystal X-ray crystallography

A Bruker SMART APEX II diffractometer with graphite-
monochromated MoKa, radiation (1 = 0.71073 A) was used for
obtaining single crystal data on compound 1 with acceptable
dimensions. The molecular structure was solved using the
SHELXT 2014/4 structure solution program.** Least squares
refinements of all reflections within the ikl range —7 = h = 7,
—19 = k=19, —27 = [ = 27 were used to figure out the unit cell
parameters and crystal-orientation matrices. The collected data
(I > 20(I)) was integrated using the SAINT** program, and the
absorption correction was performed using SADABS.*® Aniso-
tropic thermal parameters were used to refine non-hydrogen
atoms. Each hydrogen atom was positioned in its geometri-
cally ideal location and forced to ride on its parent atom. Table
S1 (ESIt) provides a summary of the crystallographic data for
compound 1, and Table S2 (ESIT) lists the specific bond lengths
and bond angles.

Results and discussion
Structural descriptions

X-ray single crystal diffraction study revealed that the
compound 1 crystallized in the triclinic space group P1 with Z =
2. The Zn(u) centre adopts a distorted octahedral coordination
environment with the ZnO,N, core. Here, two O atoms from
a chelating bdc (Zn1-01, 2.175(4); Zn1-02, 2.342(4) A), one O
from a monodentate bdc (Zn1-03, 1.965(3) A) and one O atom
from an aqua ligand (Zn1-03, 1.020(3) A) form the equatorial
plane, while the two N atoms from the two avp ligands occupy
the axial positions (Zn1-N1, 2.205(3); Zn1-N2, 2.208(3) A) to
complete the octahedral geometry (Fig. 1a). The Zn(u) centres
are connected with the 1,4-bdc ligands via the carboxylate group
resulting in a 1D chain polymer propagated along the ¢ axis
(Fig. 1b). The 1D chains are assembled via the intermolecular
hydrogen bonding between the aqua ligand and the O atom of
a monodentate bdc ligand (Fig. 1c) with the O---O separation in
the range of 2.612(3)-2.694(3) A, thus fabricating a 2D layer in ac
plane. The avp ligands attached to Zn(u) centre in the axial

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1

n-nt stacking

(a) A perspective view of compound 1 showing the coordination environment around the Zn centre. (b) A portion of the 1D polymeric

chain of 1. (c) 2D layer of 1 formed via intermolecular hydrogen bonding and -7t interactions in 1. Only selected atoms are shown for clarity. (d)
and (e) Schematic diagrams of hydrogen bonding and =---7 interactions, respectively.

positions are aligned in parallel among the adjacent chains and
undergo 7---7 stacking interactions with centroid---centroid
distance of 3.629(3)-3.664(3) A among the aromatic rings. The
avp ligands of the neighbouring layers further undergo C-H---=
interactions along the b-axis to generate a 3D supramolecular
network structure (Fig. S1, ESIt). Here, the distance between the
centres of the neighbouring C=C bonds is 6.011 A, indicating
no possibility of a photochemical [2 + 2] cycloaddition reaction
to occur according to Schmidt's criteria (<4.20 A).*

Photo-physical properties

The structural architecture reveals that the synthesized CP 1 is
featured with anthracene-based avp ligands appended to Zn(u)
metal centres with a monodentate binding fashion. In this
context, the bdc ligand adopts the role of a co-ligand aug-
menting the propagation of the coordination chain (Fig. 1b).
This spatial distribution of the conjugated anthracene moieties
indulges in extended t---7v interactions with adjacent anthra-
cene moieties, which in turn assist in constituting a higher-

© 2024 The Author(s). Published by the Royal Society of Chemistry

order stable framework. This type of supramolecular associa-
tion may be responsible for closed-packed solid-state structure
and high luminescent characteristics. In this regard, the photo-
physical characteristic of CP 1 was investigated wherein a broad
absorption band was observed at approximately 360 nm of well-
dispersed ACN solution and different from the absorption band
constituting anthracene moiety (Fig. S3a, ESI}). Similarly, the
luminescent spectra also exhibited a broad emission profile
around 490 nm in the ACN solvent, which is quite different from
the emission spectra of the associated anthracene moiety of the
avp ligand upon excitation at 360 nm (Fig. S3b, ESI{). This
fluorescence characteristic is preferably subjected to intra-
ligand charge transfer among the coordinated conjugated
ligands through ---7 interactions. The charge transfer mech-
anism for enhanced fluorescence is also evident from the broad
emission spectra of the uncoordinated avp ligand at 487 nm (ex
~ 360 nm). However, there is a very slight shift in emission
maxima, which may be attributed to the inclusion of the bdc
ligand in the polymeric chain. The bdc ligand may influence the
charge transfer phenomenon with variation in the distribution

RSC Adv, 2024, 14, 397-404 | 399
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of conjugation along the polymer in comparison to the free avp
ligands. In order to understand the influence of bdc ligand,
cyclic voltammetric (CV) studies of the free Hybdc and avp
ligands were performed at ambient conditions. The CV showed
two irreversible reduction peaks, I. at E=0.679 Vand I, at E =
0.285 V, corresponding to a quasi-reversible redox process for
the oxidation-reduction mechanism of bdc acid. The peak
potential indicates I, = 0.506 V for oxidation and I. = 0.435 V for
reduction of the anthracene-type ligand. Therefore, the centre
point of the transition region of the electron provides
a reasonable estimation of the standard reduction potential
(RP) of 0.941 V for the anthracene-type ligand (Fig. S4, ESI¥).
This RP value accounts for the unified mechanism in between
the phases of anthracene-type ligands via the dissociative elec-
tron transfer mechanisms. Therefore, the increased electron
density at the hetero atom and the anthracene system is re-
flected by the shift of the appropriate redox potentials towards
lower E° values. In addition to the increased electron density,
the conjugation between the anthryl units provides higher
stability of the anthracene due to its planar environment. This
unequivocally demonstrates the plausible augmentation of
conjugation within the luminescent probes, correlating to the
promotion of the energetically favorable electronic transitions,
which justifies the enhanced emission characteristics of CP 1.

Further, utilizing density functional theory (DFT) calcula-
tions within the B3LYP/LANLDZ theoretical framework, the
band gap of the coordination polymer CP 1 was computationally
determined. This assessment aligns with the heightened fluo-
rescence intensity observed in CP 1, a phenomenon ascribed to
its comparably narrower band gap. Consequently, the distinc-
tive spatial arrangement, characterized by the viable anthracene
moiety conjugation emerges as a pivotal determinant contrib-
uting to the augmented photo-physical characteristics exhibited
by CP 1. The intensified conjugation inherent to the anthracene
core in conjunction with a vinyl backbone engenders an
elevated electron density envelopment encircling the anthra-
cene rings. This generates a favorable environment for inter-
actions, effectively serving as an interface for engagements with
incoming analytes. The resultant configuration markedly
amplifies the potential for enriched sensing capabilities of this
fluorescent probe.

Sensing activity of compound 1 toward epNACs

The elevated luminescence intensity of CP 1 and its inherent
propensity for interactions have prompted an exploration of its
potential utility in the realm of the trace-level detection of
epNACs. Therefore, an exhaustive investigation into the lumi-
nescence quenching phenomenon of CP 1 induced by various
epNACs was performed. The primary objective was to discern
the efficacy of CP 1 selectively and adeptly to detect trace
concentrations of TNP. To scrutinize the nuanced effects of the
disparate analytes, a well-defined dispersion of 1 mg of CP 1 in
5 mL of the ACN solvent was prepared. Subsequently, a series of
distinct epNACs solutions were individually introduced into the
CP 1 dispersion, following identical stoichiometric ratios.
Intriguingly, despite the introduction of a range of epNACs, the
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emission intensity of CP 1 exhibited minimal alteration except
TNP and 2,4-DNP. However, a distinctive quenching response
manifested solely in the presence of TNP, wherein the emission
intensity underwent complete attenuation, which was evident
in the fluorescence quenching phenomena. Notably, the extent
of fluorescence quenching for 2,4-DNP was comparatively lower
than that for TNP (Fig. 2).

In order to investigate the extent of quenching, fluorescence
titration was performed with the dispersive solution of CP 1
upon excitation at 360 nm. The change in the fluorescence
intensity upon progressive addition of epNAC solution was
measured at 490 nm. Interestingly, upon incremental addition
of 0-845 puL of TNP solution, a sharp and maximum quenching
efficiency (~78% quenching) of the inherent fluorescence
intensity of CP 1 (Fig. 3) was observed for the series of epNACs.
Noticeably, the initial fluorescence intensity of CP 1 remained
mostly unaffected in response to other analytes, with the
exception of 2,4-DNP; however, the quenching efficiency
(~48%) was not substantial compared to that of TNP (Fig. S5,
ESIT). Therefore, apart from naked eye TNP detection, CP 1
exhibited a sharp and selective quenching response towards
TNP. Further investigation on the limit of detection (LOD) and
quenching constant rationalizes its efficiency in the context of
efficacious luminescent probes in the realm of epNACs
detection.

The measured LOD of CP 1 was ~0.58 uM, calculated using
3a/k (see the section for the calculation of the detection limit;
Fig. S6-S7 and Table S5, ESIT), which exhibited elevated sensi-
tivity of CP 1 among the recently reported luminescent probes
for the detection of TNP (Table S6, ESIT). The time-dependent
fluorescence study showed that the addition of 846 pL of
10~* M TNP solution to the CP 1 quenched the initial fluores-
cence intensity of CP 1 with a sharp quenching response within
1 min (Fig. S8, ESIT). Moreover, the response time determina-
tion plot remained stable for a continuous observation for
30 min, which depicts the rapidity and stability of the sensory
response of this fluorescent probe toward TNP. The Stern-
Volmer (S-V) plot (Iy/I vs. [C]; where I, and I represent lumi-
nescence intensities without and with the presence of the ana-
Iytes, respectively, and [C] denotes the molar concentration of
the analyte) assists in assessing the quenching constant (K)
utilizing S-V equation: (Iy/I) = 1 + K,[C]. However, the S-V plot
for CP 1 suggested non-linear fitting, therefore, in order to
calculate the quenching constant (Ky,), a modified S-V equation
ie., [(Io/) = 1.16 + (—0.46x [C] + 39.53x [C]*)] was introduced.
The S-V plot illustrates the formation of a nonlinear plot
(Fig. 4). The calculated K, (18.18 x 10* M ') signifies the high
quenching efficiency of CP 1 toward TNP over other epNACs.
The remarkable sensitivity and the extensively low LOD of CP 1
distinctly showcase its competency as a prominent and robust
chemosensor within the context of contemporary literature
(Table S6, ESIT).

Insight into the sensing mechanism

The crystallographic configuration delineates the dangling
position of the anthracene moiety within the crystal lattice. This

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Subsequent luminescent responses of CP 1 with different epNACs (10~ M in ACN).
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structural arrangement gives rise to a discernible host-guest
interaction, where the highly 7 electron-rich nature of the
anthracene segment interacts with the significantly electron-
deficient characteristics of TNP, leading to the observed
quenching response. Among the plethora of potential sensing
mechanisms, two predominant phenomena, such as (i) photo-
induced electron transfer (PET) and (ii) resonance energy
transfer (RET) are assumed to be responsible for the

© 2024 The Author(s). Published by the Royal Society of Chemistry

fluorescence quenching of CP 1. Within the confinement of the
fundamentals of the PET quenching mechanism, an electron in
an excited state of the fluorophore is transferred to the lower-
energy unoccupied m*-orbitals of the quencher. This intricate
process precipitates the quenching of inherent fluorescence.***°
Consequently, the efficacy of fluorescence quenching is intri-
cately tied to the magnitude of electron transfer that occurs
between the electron-rich luminescent CP and electron-
deficient epNACs.*"** Therefore, in the foundation of this
mechanism, the driving force for the feasible electron transfer
considerably relies on the energy level of the lowest unoccupied
molecular orbital (LUMO) of the analyte. Additionally, the
extent of electron transfer from the electron-rich CP 1 to the
electron-deficient NACs results in the quenching of the fluo-
rescence of CP 1 and also assists in rationalizing the relative
magnitude/order of quenching efficiency of different
epNACs.*** In this regard, the highest electron-deficient ana-
Iyte possesses the lowest LUMO energy providing the most
possible electron transfer, subsequently more prominent
quenching (electron deficient order; TNP > DNP > DNT > DNBA
> NBA > NB > NP > NM). Therefore, TNP being the most electron-
deficient epNAC shows the maximum quenching of fluores-
cence (Fig. S9, ESIT).

In order to evaluate the energy gradient for the electron
transfer process, DFT calculations were performed with B3LYP
and LANLDZ theory levels. These computations offer insights
into the energy profile of the highest occupied molecular
orbitals (HOMOs) and LUMOs for both the sensory probe CP 1
and epNACs (Fig. 5).>* The analysis of the energy profile for the
analyte suggests that the most diminished LUMO energy level is
distinctively possessed by TNP among the epNACs. This finding
implies that upon excitation, the electron residing in the LUMO
of the CP 1 encounters the most propitious pathway for
migration to the LUMO of TNP, yielding the highest quenching
efficiency. However, an intriguing facet surface with respect to
the assorted quenching efficiencies and the corresponding
LUMO energies was observed among the epNACs. Nevertheless,
a captivating aspect comes into the context that the varied
quenching efficiencies and the corresponding LUMO energies
observed for the electron-deficient epNACs were imperatively
not converging. This serves to underscore a pertinent aspect
that the PET quenching mechanism is not exclusively respon-
sible for the quenching phenomenon.

Consequently, it becomes imperative to deliberate on the
feasibility of the energy transfer alongside electron transfer,
which originates from the excited state of the fluorophore

RSC Adv, 2024, 14, 397-404 | 401
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Fig. 5 Energy profile diagram of CP 1 and epNACs with calculated HOMO (black) and LUMO (red) energies by DFT.

towards suitable energy levels of the analytes. However, there
are some distinct compelling factors to be considered for the
plausibility of RET. Firstly, molecular interactions within the
close spatial proximity between CPs and analytes, and secondly,
the potential overlap between the emission band of CPs and the
absorption band of the analytes, involving non-covalent inter-
actions. In this context, the degree of this spectral overlap
emerges as a conceivable interpretation for the observed varia-
tion in quenching efficiencies.

In order to facilitate propitious proximity, the spatial
configuration of anthracene moieties in the inherent CP 1
confers a strategically favourable spatial orientation for
fostering conducive molecular-level interactions with the
encountered analytes. Notably, these interactions are predom-
inantly mediated through C-H---7 and -+ stacking interac-
tions. Herein, TNP exhibits a sharp inclination for w7
interactions with the available anthracene moieties of the
compound due to its highest electron deficiency nature.* These
closer proximal interactions facilitate the potential for energy
transfer, however, the overlap between the emission band of CP
1 with the absorption band of epNAC represents the extent of
energy transfer in the RET process from the CP fluorophore to
the encountered acceptor. Significantly, it is worth noting that
a maximum degree of spectral overlap is evident between the
fluorescence spectrum of CP and the absorption spectrum of
TNP, which is not quite frequently observed for other electron-
deficient epNAC (Fig. 6). It is interesting to observe that
a significant overlap was also observed for 2,4-DNP, which
elucidates the comparatively higher quenching efficiency in
compared to other epNACs. In this context, the S-V plot asso-
ciated with CP 1 exhibits a conspicuous non-linear character-
istic. This characteristic provides additional support for the
viability of RET mechanism emerging between the anthracene
subunit of CP 1 and TNP. Additionally, the non-linear nature of
the S-V plot endures crucial implications, suggesting that the
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observed quenching phenomena are the result of an intricate
combination of static and dynamic quenching.>*>*

In order to elucidate the static and dynamic nature of
quenching, the time-resolved fluorescence quenching experi-
ments are beneficial to monitor the fluorescence decays of CP 1
without and with TNP. The time-resolved fluorescence
quenching investigations provide further corroboration
regarding the plausibility of dynamic quenching. This assertion
is substantiated by the noticeable alteration in the average
lifetime values observed in the decay profiles of CP 1 when
comparing its behavior in the absence and presence of TNP
(Fig. S10, ESIf). This impedes the plausibility of static
quenching, lending credence to the collisional quenching
theory. Such a disposition underscores the potential participa-
tion of a fluorescence quenching phenomenon within the realm
of dynamic quenching. Consequently, the ascribed quenching
mechanism adheres to the intricate pathways of PET and RET,
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Fig. 6 Overlapping of absorption spectra of epNACs with emission
spectra CP 1.
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implying a possible host-guest interaction associated with the
luminophore CP 1 and TNP. This confers the distinct nature of
being the universal luminescent CP 1 chemosensor for the
discerning detection of TNP in aqueous media. Because of its
robust nature, the CP 1 was subjected to testing reversibility,
wherein it showed excellent reversibility (Fig. S11, ESI{) of its
fluorescence intensity, and the revival was performed by
centrifugation followed by washing several times with the
organic solvent.

Conclusions

In conclusion, we have synthesized a new 1D CP based on Zn(u)
ion that contains an anthracene chromophore. The 1D CP
creates 3D supramolecular architectures by engaging signifi-
cant intermolecular hydrogen bonding and 77 interactions.
It is interesting to note that the existence of a free electron-rich
anthracene moiety with a good spatial orientation makes it
easier for the sensor and analyte to be closer to one another for
a reasonable molecular-level interaction through C-H---m and
-7 stacking interactions. As a result, the synthesized CP was
used to detect epNACs with a high selectivity for TNP and may
be recognized as having a greater future use for the detection of
epNACs. Therefore, the present CP with spatially ordered avp
ligand provides a new pathway for generating functional
materials that may be used for selective TNP sensing.
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