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A novel colorimetric and fluorescent sensing probe, (E)-3-(4-(9H-carbazol-9-yl)phenyl)-2-(benzold]thiazol-
2-ylacrylonitrile (CBTA), was synthesized and characterized by spectroscopic techniques. CBTA displayed
“turn off” fluorescence in the presence of cyanide with a higher selectivity than that of others anions such
as Br, ClI, I, NOs~, SO42~, SCN~, COs%~, N3~, OH™, HCOs~, H,PO4~, HPO,>~, F~, ACO™, and PO,*" ina
DMSO:H,O medium (40:60, v/v, HEPES buffer, pH = 7.2). The “turn off’ fluorescence response
mechanism can be attributed to the intra-molecular charge transfer (ICT) process, which is blocked by the
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nucleophilic attack of cyanide ions at the cyano vinyl group of the probe. The LOD was found to be 3.57 x
1078 M. The interaction involved behind the sensing of cyanide was investigated by Job's plot analysis,
'H-NMR, and mass spectroscopic studies. DFT and TDDFT were also employed to verify the experimental
outcomes. Moreover, the test strip experiment provides a wide application prospect of the receptor for
detecting poisonous cyanide in the environment and biological system.
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Introduction

The development of a new molecular probe for the detection of
anions is of great interest because of their vital roles in a wide
range of medicines, catalysis, life science, and environment."
Additionally, food safety issues and water pollution by poiso-
nous anions have drawn attention with the development of
science and technology nowadays.>® Cyanide is one of the
most well-known toxic anions, even at a lower concentration,
which can be lethal to human beings, animals, and environ-
ment. Cyanide is currently extensively used in many industrial
processes such as electroplating, petrochemicals, photography,
steel production, gold mining, metallurgy, and the synthesis of
resign and fibre due to its critical role in multi-functional
reactions.” World Health Organization (WHO) stipulates that
the permissible acceptable concentration of cyanide in drink-
ing water is 1.9 x 10~® mol L ".% By the way, cyanide is present
in some insects, fruits, seeds, and roots where it is released
through the hydrolysis process of cyanogenic glycosides.”™*
Cyanide binds to the iron ion in cytochrome ¢ oxidase, blocks
the electron transport in metabolism, and inhibits the
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production of ATP in cells, making the biological system
inefficient to provide sufficient energy to the heart, central
nervous system and other vital organs ultimately.">'® Consider-
ing the above-mentioned fact, the development of simple,
efficient and rapid detection tools with high selectivity and
sensitivity towards cyanide is an ongoing hot topic to prevent
the harmful effect in the human body from contaminated food
and environment.

To date, fluorescent molecular probes capable of detecting
CN~ have been reported based on fluorescence resonance
energy transfer (FRET),"”"° intra-molecular charge transfer
(ICT),>>*' twisted intra-molecular charge transfer (TICT),>?
excited state intra-molecular proton transfer (ESIPT),>*** and
photo-induced electron transfer (PET).>>*° Recently, several
groups have reported detection methods by utilizing the
nucleophilic addition reaction of cyanide directly involved in
the development of covalent bond formation and showed anti-
interference ability and high selectivity.>”*®* Compared with the
traditional sophisticated analytical tools such as spectrophoto-
metry, voltammetry, chromatography, and potentiometric
methods, optical molecular probes based on colorimetric and
fluorometric responses towards CN ™~ are of great preference in
virtue of their convenience, simplicity, tenability, low cost, high
selectivity and rapid response.*® Particularly, a naked-eye opti-
cal sensor is very much impressive. Since the Tang et al
discovery of the AIE phenomenon in 2001, several research
groups have been published a growing number of AIE active
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fluorescent probes*’~° for their wide application in optoelectro-
nics, environmental monitoring, biological imaging as well
as in the construction of the green energy devices and
chemosensors.>*™*® The active AIE effect is mainly due to the
restriction of molecular motion. Therefore, the fabrication of AIE
active fluorescent probes for the recognition of CN™ in an
aqueous medium is now a recent trend depending on the special
features of AIE active molecules.’™** Thus far, with the devel-
oped intra-molecular charge transfer (ICT) process, plenty of
typical donor-m-acceptor (D-n-A) type sensors have been
reported to recognize trace CN~ ions, which inhibit the ICT
process by nucleophilic attack at the subunits (such C—=C and
C—=N) and causes obvious color and spectral changes.’*
Keeping in mind the unique nucleophilicity of CN™ ions, cyanide
can be recognized by the donor-n-acceptor (D-n-A)-type mole-
cular probe considered as a colorimetric and fluorimetric sensor.
In this work, we successfully fabricated an AIE active chemo-
dosimeter (CBTA; Scheme 1) consisting of a donor-n-acceptor
(D-n-A) skeleton in which carbazole acts as a donor moiety and
benzothiazole acts as an acceptor unit. The probe can be used as
a new dual-modal colorimetric and fluorescent sensor for dis-
tinct detection of cyanide ions among all other relative anions
based on the ICT mechanism and exhibited high sensitivity and
selectivity in 60% aqueous DMSO solution. The sensing mecha-
nism could be ascribed to the nucleophilic attack by the cyanide
ion to the vinyl group of the receptor that leads to the cut off in
the ICT process, causing the spectroscopic changes followed by
the obvious color changes that could be distinguished by the
naked eye in the ambient light as well as under a UV lamp.

Results and discussion
Synthesis of the probe (CBTA)

The chemodosimeter (CBTA) was synthesized via the condensa-
tion of 4-(9H-carbazol-9-yl)benzaldehyde and 2-(benzo[d]thiazol-
2-ylacetonitrile in an absolute ethanol solvent under reflux
conditions (Scheme 1). The chemical structure of CBTA has
been confirmed by 'H-NMR, *C-NMR, IR-spectroscopy, and
mass-spectral analysis (Fig. S1-S4, ESIY).

Aggregation-induced emission enhancement (AIEE) effect of CBTA

AIEE behavior of CBTA was studied by fluorescence spectra.
As water is an undesirable solvent, the addition of H,O to DMSO
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Scheme 1 Synthetic route of the probe, CBTA. (i) KOtBu, DMF, 100 °C,

12 h; (i) EtOH, piperidine, reflux, 7 h.
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facilitates the aggregation of CBTA. The fluorescence changes of
CBTA are shown by modifying the DMSO to water proportion in
the solvent system. The fluorescence intensity gradually decreases
as the volume proportion of water of the H,O-DMSO solution
increases from 0% to 40%. After that, a dramatic enhancement in
the fluorescence intensity was observed and the maximum inten-
sity was achieved at 60% of water content with a red shift of 16 nm
along with large enhancement of the fluorescence intensity by
about 6 fold compared to the fluorescence intensity in a pure
DMSO solvent (Fig. 1). It is suggested that the aggregation of the
probe, CBTA, started after about 40% of water fraction in solvent
situation. All these findings show that our probe is AIEE active.
The free intra-molecular single bond rotation in the free probe
that quenches the emission intensity via non-radiative decay is
responsible for not viewing AIEE activity in the solution phase.
However, in the aggregate state where this rotation is forbidden,
high fluorescence intensity with a red shift is displayed. The large
enhancement in fluorescence intensity with a red shift may be
ascribed to the electronic transition (n-r*) inside the probe.

Sensing performance of CBTA

Selectivity and anti-interference of anions. In order to
observe the sensing ability of CBTA, the UV-vis spectra of the
probe were recorded in the presence and absence of various
chosen anions (F~, ClI-, ACO™, NO;~, SCN~, CO;*~, HCO;,
HSO,™, SO,>, H,PO,~, HPO,>", and CN) in a DMSO-H,0O
(40:60, v/v, HEPES buffer, pH = 7.2) solution at room tempera-
ture. Upon addition of CN ™, the solution color changes instantly
from yellow to colorless in ambient light (Fig. S15(a), ESIt).
Furthermore, an intense bright orange-yellow fluorescence
change to light blue was clearly observed by naked eye after
addition of a CN™ solution under a UV lamp, which is noticeably
different from that orange-yellow fluorescence upon addition of
several anions (Fig. S15(b), ESIt). Fig. S5 and S4 (ESI}) display
the absorption and emission spectra of CBTA upon addition of
various chosen anions respectively. As shown in Fig. S5 (ESIT),
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Fig. 1 Emission spectra of CBTA (20 uM) in DMSO/water mixtures (v/v)
with different water fractions (f,,) (excitation = 409 nm).
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the probe shows an absorption band at 410 nm along with two
small humps at 339 nm and 293 nm in the absorption spectrum
of CBTA. The absorption peaks at 293 and 339 nm are attributed
to the local m—-n* electronic transition inside the probe, while the
one at 410 nm may be accredited due to the intramolecular
charge transfer (ICT) process from the carbazole moiety to the
electron deficient benzothiazole units. Upon gradual addition of
CN™, the absorption peaks at 293 nm and 410 nm are decreased
along with the appearance of a new peak at 353 nm. However,
upon addition of the other anions except CN~, the absorption
spectra remain almost unaltered relative to that of the free
receptor. The spectral data are in good agreement with the
phenomenon shown in Fig. S15(a) (ESIf). The fluorescence
spectra of CBTA show an emission peak at 616 nm upon
excitation at 407 nm, which is assigned to the ICT process
(Fig. 4). Upon addition of each chosen anions (2.0 equiv.) except
for CN™, only negligible change is noticed in the fluorescence
spectra (Fig. 4). However, the fluorescence intensity at 616 nm
remarkably quenched upon addition of CN~, which indicates
that the ICT process is inhibited due to the nucleophilic attack
by CN™. These results supported that CBTA can be used as a
simple ‘turn-off’ sensor for naked-eye recognition and fluores-
cent monitoring of CN™ in 60% aqueous DMSO solution.
Detection performance of sensor CBTA to CN ™. The changes
in the absorption spectra of CBTA after addition of CN™ at
different concentrations were recorded in 60% aq. DMSO
solution (Fig. 2). In the absorption spectral changes, it is clearly
observed that the absorption bands at 293 nm, 339 nm and
410 nm consecutively attenuate along with a progressive raise
of a new absorption peak at 358 nm upon successive addition of
CN™ (0-2 equiv.). Upon incremental addition of CN, the
emission band at 616 nm decreases gradually along with the
appearance of a small new emission band at 512 nm upon
excitation at 407 nm (Fig. 3), suggesting that CBTA could be
served as a potential candidate to quantitatively monitor CN—
ions. To illustrate the efficiency and selectivity of the present
probe (CBTA) towards CN™ ions, the limit of detection (LOD) of
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Fig. 2 Change in the UV-Vis spectrum of CBTA (20 uM) upon addition of

CN™ (40 puM) in DMSO/H,0 (40: 60, v/v) (HEPES buffer, pH = 7.2). (Inset
shows the change in colour in sunlight.).

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2023

View Article Online

Paper

FL. Intensity (a.u)

T T T T T T T
450 500 550 600 650 700 750

Wavelength (nm)

Fig. 3 Change in the emission spectra of CBTA (20 uM) upon gradual
addition of CN7(40 pM) in DMSO/H,0O (40: 60, v/v) (HEPES buffer, pH =
7.2). (Inset shows the change in colour under UV irradiation.)

the probe for cyanide ions was calculated to be (7.68 + 0.29) x
10~® (M), which was established from the fluorescence titration
data of the CBTA upon addition of CN™ using the equation,
LOD = K X (SD/S), where SD and S stand for the standard
deviation and the slope of the linear response curve respectively
(Fig. S7, ESI). From the mole ratio plot of CBTA, it can be
stated that after addition of almost 7 pM of CN ", no significant
changes in emission intensity at 616 nm is displayed, thereby
signifying to the fact that the saturation has taken place
(Fig. S18, ESIf). In addition, the kinetics study was also per-
formed to monitor the reaction time of the probe with CN™ and
fluorescence spectra were recorded depending on time. This
experiment shows that the fluorescence intensity of the probe
at 616 nm and absorbance at 410 nm rapidly decreases as the
reaction progresses and CBTA-CN~ adduct forms and finally
reaches its minimum and stable value within 22 s, indicating
the completion of the reaction (Fig. 5). These observations
clearly suggest that cyanide can result in the color change of
CBTA solution as well as the attenuation of fluorescence
intensity, implying CBTA may be used as a potential candidate
in a portable device for rapid CN™ recognition.

Competitive study. To confirm the specific selectivity of
CBTA to CN™, a competition experiment was executed upon
addition of CN™ to CBTA solution containing other common
anions in DMSO/H,0 (40:60, v/v). As observed in Fig. 6, it is
almost unchanged in CN ™ -induced fluorescence intensity in the
presence of all other anions, which can also be referred as a
binary competitive system “target + anion” in the same solution
phase, indicating efficient CN~ signalling aptitude and higher
anti-interference capability of the CBTA-CN™ system.

pH study. To investigate the dependence of CBTA towards
pH, we recorded the emission spectra of CBTA and CBTA-CN™
in a DMSO-H,0 (40: 60, v/v) solution with different pH values
(2.0-12.0). For the free receptor, the emission of the solution
remains almost unaltered within the pH range of 0 to 9, and
after that, emission intensity slightly decreases with the
increase in pH The maximum emission quenching of CBTA
in the presence of CN™ ions was observed at pH 7.2, suggesting
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Fig. 4 Change in the emission spectrum of CBTA (20 uM) upon addition
of different anions (40 uM) in a DMSO-H,O (40:60, v/v, HEPES buffer,
pH = 7.3) solution.
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Fig. 5 Time-dependent absorbance (a) and fluorescence spectrum (b) of
CBTA towards CN™ in DMSO-H,0 (40:60, v/v, pH = 7.2).
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Fig. 6 Competitive experiments of CBTA (20 uM) for CN™ (40 puM) in the
presence of common anions (40 pM) in a 60% aqueous DMSO mixture.

that the probe is suitable to show maximum sensing ability
under neutral pH conditions (Fig. S8, ESIT).

TRPL study. Time-resolved fluorescence technique (TRPL)
was also studied to examine the excited state behaviour of the
fabricated probe (CBTA) and the cyanide adduct (CBTA-CN).
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The fluorescence decay curves of CBTA and cyanide adduct are
obtained by using the mono-exponential functions with good >
values (Fig. S9, ESIT). For CBTA, t = 6.1 ns (> = 1.16), and for
the CBTA-CN adduct, t = 1.38 ns (x* = 1.14). Radiative rate
constant K, and total non-radiative rate constant K,,, have been
calculated using the equation 1~ " = K; + Ky,r and K; = ¢¢/t (Table
S2, ESIt). The change in the value of 7, K, and K,,, supports the
adduct formation of CN~ with the probe CBTA to form a new
very weak fluorogenic compound CBTA-CN, which has lower
life-time than the free probe itself.

Probable sensing mechanism. The possible interaction
mechanism of the probe, CBTA, towards CN~ was investigated
by "H-NMR spectroscopy. In the "H-NMR spectrum of free
CBTA, the resonance signal of aromatic protons appears at
around 8.42-7.35 ppm (16H), whereas after addition of
1.0 equivalent of CN ™, the protons shifted to an upfield region at
around 7.88-6.81 ppm (16 H) due to the development of
negative charge in the CBTA-CN adduct, clearly indicating
the break-down of conjugation between benzothiazole and
phenyl carbazole units. However, in the resonance spectra of
CBTA-CN adduct, the proton signal at 8.57 ppm, corresponding
to the vinylic proton in the free CBTA, disappeared together
with the appearance of a new upfield signal at around 5.43 ppm
(Fig. 8), which confirms the formation of the CBTA-CN adduct.
The formation of CBTA-CN-species is also supported by HRMS
spectroscopy. The mass spectrum shows a peak at 428.12 (m/z)
that corresponds to the probe itself (Fig. S3, ESIT). However, a
new peak at 455.13 (m/z) confirms the formation of CBTA-CN
adduct (Fig. S17, ESIt). In addition, the estimation of the exact
stoichiometry of the adduct formation, Job’s plot analysis was
carried out. The minimum intensity showed 0.5 mole fraction
of CN7, indicating 1:1 adduct formation of CBTA with CN~,
which is also supported by the observed peak at 455.13 (m/z) in
the mass spectroscopy of the adduct (Fig. S17, ESIt). These
outcomes reveal the nucleophilic addition of cyanide at the
cyano vinyl position accompanied by the conversation of sp*
hybridized carbon to sp® hybridization (Fig. 7).

Dip-stick experiment: detection of CN™ using a TLC plate

For visual detection of CN™ ions, we have performed a proficient
portable method called dip-stick in which the probe can act as a
fluorescent portable kit showing its sensing property towards
CN in solid state too. Therefore, to execute this experiment, few
thin-layer chromatography (TLC) plates were prepared and they
were dipped into a CBTA solution (2 x 10~* M) in DMSO and
then kept for some time so as to evaporate the solvent in air.

ICT ‘OFF
ICT ‘ON’

Q2>

CN° O ﬁ<\c~
K ~2H'§3©=’" Y55

Strong Fluorescence

Fig. 7 Proposed sensing mechanism of CBTA with CN™.
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Fig. 8 H-NMR spectrum of CBTA and CBTA-CN~ in DMSO-d.
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A fluorescence colour change observed when strips are
immersed into an aqueous solution (2 x 10~* M) of cyanide
and dried. This colour change can be easily visualised by naked
eyes when exposed in ambient light as well as under UV light
(Fig. 9). As CN~ shows different colours under UV light upon
reaction with the receptor (CBTA) present in the test strips, we
can easily distinguish it qualitatively. We have also demon-
strated the colorimetric responses of CBTA-coated test strips
induced by different concentrations of CN~ (Fig. 10) in ambient
light and under UV-light.

Photosensitivity study

For fluorescence-based detection application, a sensor having
high photo-stability with displaying steady analytical signals is
highly desirable. Therefore, in order to photostability evalua-
tions, sensor CBTA and CBTA-CN adducts were used over 60
min in day light under optimal conditions according to the
previously reported procedure.®® As depicted in Fig. S10 (ESI?),
sensor CBTA and CBTA-CN adducts have highly photostable
relative fluorescence responses throughout the experimental
time (60 min) with slight signal change. This experimental
results shows that receptor CBTA has a highly photostable
“turn-off” fluorescence signal response after nucleophilic addi-
tion of CN™, making it compatible for the spectrofluorimetric
analysis of real samples.

Real sample analysis

As cyanide from different sources could possibly be dumped
into water and pollute the water resources, it is highly urgent to
detect the concentration level in these wastewater. In order to

(b

Fig. 9 Pictures of TLC plates after immersion in 60% (v/v) aqueous DMSO
solution of CBTA and in CBTA-CN-under sunlight (a) and UV chamber (b).
[CBTAl = 2 x 107* M, [CN ] = 2 x 103 M. Excitation wavelength of the UV
light is 380 nm.
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Fig. 10 Pictures of TLC plates after immersion in 60% (v/v) aqueous
DMSO solution of CBTA in the presence of different CN™ concentration

under sunlight (a) and UV chamber (b). [CBTA] = 2 x 107* M, [CN-] = 2 x
10~* M. Excitation wavelength of the UV light is 380 nm.

0.25eq. 0.5eq. 0.75 eq. 2eq.

validate the practicality of our approach, we have analyzed natural
water resources (tap, pond, river) for the sensing of CN~ according
to the previously reported procedure.®””””* As shown in Table 1,
cyanide in these natural water resources were not measured. Then
different concentrations of cyanide ions were added into these
natural water samples and the sensor CBTA was employed to
recover the concentrations of cyanide. From Table 1, it is con-
cluded that the probe is highly efficient to detect the concen-
tration of cyanide from contaminated water samples with good
recovery (97-100.5%). Therefore, this experiment established that
our probe CBTA is capable of determining cyanide concentration
levels quantitatively in the natural water resources.

Computational study

In order to interpret the interaction mechanism of the chemo-
dosimeter (CBTA) for the recognition of CN™, geometry optimi-
zation of CBTA and CBTA-CN was performed by the DFT/
B3LYP/6-31+G(d) method using the Gaussian 09 program. The
optimized structures of CBTA and CBTA-CN are displayed in
Fig. S11 and S12 (ESIt) respectively. Fig. S13 and S14 (ESIY)
display the contour plots of some selected molecular orbitals
including HOMO and LUMO of CBTA and CBTA-CN respec-
tively. The HOMO-LUMO energy gap of CBTA (2.52 eV) is
considerably increased in CBTA-CN™ (3.65 €V), which implies
the shifting of high energy bands in the adduct, thereby
correlating the appearance of a new band at a shorter

Table1 Recovery experiment for various natural water samples using the
proposed methods

CN added
(mol 11

CN recovery Recovery
(mol 11 (%)

Tap water Tap water1 0 Not detected
Tap water 2 4.00 x 10~* (3.96 + 0.04) x 10™* 99
Tap water 3 3.00 x 107% (2.93 £ 0.03) x 107> 97

Source Sample

Pond water Pond water 1 0 Not detected
Pond water 2 4.00 x 10~* (3.94 + 0.03) x 10" 98.5
Pond water 3 3.00 x 107 (2.97 + 0.02) x 10> 99

River water River water 1 0 Not detected
River water 2 4.00 x 10™* (4.02 + 0.06) x 10~* 100.5
River water 3 3.00 x 107° (2.94 + 0.04) x 10~ 98

“ Relative standard deviations were calculated based on three times of
measurement.
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wavelength for the CBTA-CN™ adduct, which is supported by
the changes in the UV-visible spectra. In order to gain insights
into the electronic transitions, the time-dependent density
functional theory (TDDFT) was performed to the optimized
geometries of the compounds, and the results are summarized
in Table S1 (ESIt). The low energy transition for CBTA at
491 nm (Aexpe, 410 nm) corresponds to HOMO — LUMO
transition, while for CBTA-CN, the low energy band shifted
to 340 nM (Zexpr., 353 nm) (Table S1, ESIT).

Conclusion

In summary, a novel carbazole-based colorimetric and fluoro-
metric sensor (CBTA) has been designed and successfully
developed, which displayed the cyanide selective fluorescence
‘ON-OFF’ property. The receptor CBTA exhibited high selectiv-
ity, good sensitivity, rapid interaction time (within 22 s) and low
LOD (7.68 & 0.29) x 10~® M for CN™ detection in a 40% (v/v)
DMSO-H,0 mixture, which is very much lower than the WHO
recommended value (1.9 x 10~° M) accompanied by the visual
color changes from light yellow to colorless over other co-
existing competitive anions. The quenching phenomenon of
fluorescence intensity of the probe upon addition of CN™ ions
was explained to intra-molecular charge transfer (ICT) process,
which is blocked by the nucleophilic attack of CN~, resulting in
the discontinuance of n-conjugation that causes the observed
photophysical changes and the findings were also supported by
DFT calculations. Moreover, the excellent test strip response in
the solid state helps us to detect CN™ quantitatively without any
sophisticated equipment. Therefore, the chemodosimeter
CBTA can be served as a promising alternative for the selective
recognition of cyanide in a mixed DMSO-H,0 medium.

Experimental section
Materials and instrumentations

All the reagents, organic chemicals and solvents used in this
synthesis such as 9H-carbazole, 4-fluorobenzaldehyde, 2-
aminothiophenol, malononitrile, piperidine and potassium
tert-butoxide were purchased from Sigma Aldrich and used
without further purification. All spectroscopic grade solvents
were from other commercial sources and used with no addi-
tional refinement. "H and "*C NMR spectra were recorded using
a Brucker 300 MHz instrument and DMSO-dgs was used as a
solvent using TMS as the internal standard. The chemical shifts
are reported as ¢ in units of parts per million (ppm). HRMS
mass spectra were confirmed using a Waters (Xevo G2 Q-TOF)
mass spectrometer. Elemental analysis was carried out using a
2400 Series-II CHN analyzer, PerkinElmer, USA. A PerkinElmer
Lambda 750 spectrophotometer was used to obtain absorbance
spectra and emission property was measured using a Shimadzu
RF-6000 fluorescence spectrophotometer at room temperature
(298 K). Lifetimes were measured using a time-resolved spectro-
fluorometer from IBH, UK.
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UV-vis and fluorescence method

For UV-vis titrations, a stock solution of the probe, CBTA
(10 uM), was prepared in DMSO/H,0, 40: 60, v/v at 25 °C using
a HEPES buffered solution. Deionized water was used to make
all the solutions of guest anions using their sodium salts
(1 x 107> M) and the solution of cyanide ion using tetra butyl
ammonium cyanide salt using HEPES buffer at physiological
pH. The solutions of different concentrations of the receptor
and all the anions were prepared separately and then the
spectra of these solutions were recorded by the UV-vis method.
Similarly, for fluorescence titrations, stock solutions were pre-
pared using similar procedures and then the spectra were
recorded by a fluorescence method.

Measurement of fluorescence at different pH

For pH study, stock solution of the probe, CBTA (10 uM) was
prepared in DMSO/H,0, 40:60, v/v at 25 °C using a HEPES
buffer solution. The pH was adjusted by an aqueous solution of
1 M HCIl and 1 M NaOH. The solutions of probe and different
concentrations of acids and bases were prepared separately by
adjusting pH and the spectra of these solutions were recorded
by a fluorescence technique. A similar study was executed while
recording the pH titration of the probe (CBTA) in the presence
of CN™.

(£)-3-(4-(9H-carbazol-9-yl)phenyl)-2-(benzo[ d]thiazol-2-
yDacrylonitrile (CBTA)

4-(9H-Carbazol-9-yl)benzaldehyde’® and 2-(benzo[d]thiazol-2-
yl)acetonitrile” were synthesized by following the procedure
reported previously. 2-(Benzo[d]thiazol-2-yl)acetonitrile (0.09 gm,
0.52 mmol) and piperidine (0.52 mmol) were added to the stirred
ethanolic solution of 4-(9H-carbazol-9-yl)benzaldehyde (0.141 gm,
0.52 mmol) and the whole mixture was stirred under refluxing
condition for 8 hours in an inert atmosphere. After completion of
the reaction, the reaction mixture was allowed to cool and the
yellow precipitation was collected by filtration. The product was
purified by column chromatography to get the final product. Yield
was, 0.363 g, 85%.

'H NMR (300 MHz, DMSO-dg). § (ppm) 8.57 (s, 1H), 8.42
(d, 2H, J = 8.5 Hz), 8.22-8.3 (m, 3H), 8.13 (d, 1H, J = 7.9 Hz), 7.93
(d, 2H, J = 8.4 Hz), 7.56-7.63 (m, 4H), 7.49 (t, 2H, J = 8 Hz), 7.35
(t, 2H, ] = 7.4 Hz).

13C NMR (75 MHz, DMSO-dg). § (ppm) 49.0, 105.9, 110.4,
116.6, 121.2, 123.0, 123.7, 127.0, 127.7, 131.3, 132.6, 134.8,
139.9, 140.6, 147.6, 153.3, 163.6.

HRMS. Calculated for C,sH;gN;S [MH]", (m/z) = 428.1221;
found = 428.1207.

Theoretical study

All the calculations were performed using the Gaussian 09
program package.”* The density functional theory (DFT) was
used for the full geometry optimization at the B3LYP”*>”® level for
the compounds. The calculations were aided using the Gauss
View visualization program. All elements except aluminium were
assigned by the 6-31+G(d)”’ basis set. The vibrational frequency
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calculations were executed to assure that the optimized geome-
tries stand for the local minima and there were only positive eigen
values. Vertical electronic excitations based on B3LYP optimized
geometries were computed using the time-dependent density
functional theory (TDDFT) formalism”®®® in methanol using a
conductor-like polarizable continuum model (CPCM).**"#?
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