Open Access Article. Published on 29 September 2022. Downloaded on 8/4/2025 8:58:42 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

#® ROYAL SOCIETY
PP OF CHEMISTRY

View Article Online

View Journal | View Issue,

i ") Check for updates ‘

Cite this: RSC Adv., 2022, 12, 27839

Received 5th August 2022
Accepted 19th September 2022

DOI: 10.1039/d2ra04874d

Zinc ion detection using a benzothiazole-based
highly selective fluorescence “turn-on”
chemosensor and its real-time applicationy
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A new photochromic fluorescence chemosensor was devised and effectively synthesized using
benzothiazole and imidazopyridine derivatives. A “turn-on” fluorescence sensor BIPP for Zn?* detection
was developed and has a quick response, excellent sensitivity, and remarkable selectivity over other
metal ions. When Zn?* was added to the BIPP solution, a new strong fluorescence emission peak at
542 nm formed with a considerable increase in intensity. The fluorescence color of the BIPP solution
changed from blue to bright green. The binding ratio 8 : 2 was found between BIPP and Zn?* by the
results of Job's plot, HRMS and *H-NMR. The detection limit (LOD) of BIPP towards Zn®* was
determined to be 2.36 x 1078, which is remarkably low. The ability to detect Zn?* in real water samples
demonstrates that BIPP may also be used in environmental systems. Additionally, BIPP can be used to

rsc.li/rsc-advances measure Zn®" levels in living cells.

1. Introduction

The development of chemosensors capable of detecting a wide
variety of metal ions and anions has generated considerable
attention due to their wide range of biological, therapeutic, and
industrial applications.’® Among them, the zinc (zZn*") ion is
the second most common transition metal element in humans
after iron, making it a critical mineral in biological processes.
The benefits of zinc include support for the immune system,
regulation of hormones and digestion, and many proteins and
enzymes that consist of Zn*"-ions as a cofactor have been
discovered.”® The elevated levels of zinc ions, on the other
hand, have been related to a variety of neurological diseases,
including arteriosclerosis,” Parkinson's disease,'™'* and
epilepsy.”** On the contrary, zinc shortage in the body may
cause health issues including growth retardation, diarrhoea,
poor wound healing, and dermatitis. The Zn** ion concentra-
tion in human excretion varies widely depending on a variety of
factors, including biological, habitual, and environmental
factors. Therefore, zinc content assessment in real water and

“Department of Chemistry, School of Advanced Sciences and Vellore Institute of
Technology, Vellore-632014, India. E-mail: sathiya_kuna@hotmail.com

*Department of Chemistry, Faculty of Science, Chulalongkorn University, Phayathai
Rd., Pathumwan, Bangkok, 10330, Thailand. E-mail: pra3sat@gmail.com
‘Department of Chemistry, Saveetha School of Engineering, Saveetha Institute of
Medical and Technical Sciences (SIMATS), Chennai-602 105, Tamil Nadu, India
(ESI) available. See

T Electronic supplementary information

https://doi.org/10.1039/d2ra04874d

© 2022 The Author(s). Published by the Royal Society of Chemistry

biological samples may be a unique diagnostic tool in medic-
inal, environmental, and industrial applications. The body's
metabolic markers for zinc ions make it simple to identify Zn>*
ions in many investigations (proteins, enzymes, and carbohy-
drates, and so on)."* Due to the complexity and triviality of most
analytical methods used to detect Zn>" ions, researchers have
shifted their focus to fluorescence detection technology,
essential for environmental and biological system analysis.

Colorimetric and fluorescent chemosensors based on
organic emissive molecules promise innovative solutions for
sensor applications, since they are simple to use and can
quickly provide chemical information.”®*” A plethora of fluo-
rescent chemosensors**” has been developed to date based on
different fluorophores, such as purine-based Schiff base,*®
rhodamine,** aminomethylnaphthol,* coumarin,** and quino-
line containing acetyl hydrazone.*” One frequent obstacle in
searching for Zn>"-detection ligands is their apparent inability
to distinguish Zn>" from its chemically identical neighbour,
Cd*". Further limiting issues, including multi-step synthesis,
employment of a metal-ligand ensemble for recognition, poor
chemical stability, and insignificant detection limitations, have
been frequently found in a large percentage of scientific publi-
cations that assess the effectiveness of prospective Zn>* sensing
molecules.

Benzothiazole and imidazole®* derivatives have been
intensively implemented in the development of optical che-
mosensors due to their easy functionalization and photo-
stability. They are particularly effective in chelating metal ions
because of sulfur, oxygen, and nitrogen atoms with lone-pair of
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electrons. We hypothesized that the imidazole conjugated
benzothiazole moiety might be used to detect Zn** in an
aqueous solution since they are expected to bind metal ions
strongly and have excellent photophysical properties.

As part of our research interest in ion recognition,*** in this
work, we utilize benzothiazole-linked imidazole as a fluo-
rophore to design and construct a “turn-on” Zn>"* fluorescence
probe. The structure of the synthesized probe forms an excel-
lent conjugated system through benzothiazole and imidazole
pyridine and results in a strong photon-induced electron
transfer (PET) action, which interferes with the probe's fluo-
rescence emission. This novel Zn*>* sensor is promising due to
its rapid response to Zn>*, excellent sensing capability and
simplicity of preparation. The sensor, named BIPP in this
manuscript, was used to demonstrate the applicability by
detecting Zn** in water, test strips, and live cells, providing
a dependable method for detecting Zn** in environmental and
biological systems.

2. Experimental section

2.1. Materials and methods

Di(pyridin-2-yl) methanone, all the other chemicals and
solvents were obtained from commercial suppliers (Sigma
Aldrich and TCI chemicals) and used without further purifica-
tion. 'H and *C NMR analyses were performed in Bruker 400
MHz and 100 MHz instruments. NMR spectra were stated in
parts per million (ppm, ¢). UV-Vis absorption spectra were
monitored with the help of Hitachi-2910 spectrophotometers,
and emission spectra were monitored with Hitachi F-7000
spectrophotometers. High-Resolution Mass Spectrometer
(HRMS) data were collected using a Joel GC Mate II GC-Mass
Spectrometer instrument.

2.2. Synthesis and characterization

2.2.1 Preparation of 2-(benzo[d]thiazol-2-yl) phenol (BTP).
The reactants 2-amino thiophenol (1.1 ml, 1 mmol) and sali-
cylaldehyde (1 ml, 1 mmol) were dissolved in 15 ml of EtOH.
This reaction mixture was kept under reflux for 5 hours. The
progress of the reaction was examined by TLC. A white colour
solid had been obtained (1.6 g, 84% yield). "H NMR (400 MHz,
DMSO-dy): 6.991-7.7.010 (t, 1H,J = 7.6 Hz), 7.097-7.118 (d, 1H, J
= 8.4 Hz), 7.392-7.413 (q, 2H, 2xArCH, J = 8.4 Hz), 7.510-7.512
(t, 1H,J = 1.6 Hz), 8.050-8.070 (d, 1H, J = 8 Hz), 8.109-8.129 (t,
2H, ] = 8 Hz), 11.652 (s, 1H, OH). "*C NMR (DMSO-ds, 100 MHz):
6117.48, 118.70, 120.20, 122.43, 122.57, 125.57, 126.92, 129.00,
132.94, 134.61, 151.91, 156.82, 165.92.

2.2.2 Synthesis of 3-(benzo[d]thiazol-2-yl)-2-
hydroxybenzaldehyde (BTH). The Compound BTP (2 g, 1
mmol) was dissolved in acetic acid (20 ml), followed by the
addition of hexamethylenetetramine (2.19 g, 2 mmol). The
reaction mixture was refluxed for 5 hours. The completion of the
reaction was inspected by TLC. After that, the reaction mixture
was allowed to cool in room temperature, and it was poured into
crushed ice with vigorous stirring. The filtered solid product
was purified by column chromatography.®*® (1.2 g, 53%). 'H
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NMR (400 MHz, DMSO-dy): 6 7.218-7.237 (t, 1H, J = 7.6 Hz),
7.505-7.523 (t, 1H, J = 7.2 Hz), 7.588-7.606 (t, 1H, ] = 7.2 Hz),
7.919-7.938 (d, 1H, J = 7.6 Hz), 8.125-8.145 (d, 1H, J = 8 Hz),
8.207-8.227 (d, 1H, ] = 8 Hz), 8.385-8.404 (d, 1H, J = 7.6 Hz),
10.378 (s, 1H, OH), 13.006 (s, 1H, CHO). *C NMR (DMSO-d,,
100 MHz): 6 119.71, 120.71, 122.79, 122.82, 123.94, 126.39,
127.46, 133.43, 133.94, 135.58, 151.43, 159.50, 165.79, 192.27.

2.2.3 2-(benzo[d]thiazol-2-yl)-6-(1-(pyridin-2-yl)  imidazo
[1,5-a] pyridin-3-yl) phenol (BIPP). In a round bottom flask
a mixture of BTH (1 g, 3.9 mmol), di(pyridin-2-yl) methanone
(0.481 mg, 2.6 mmol) ammonium acetate (1.05 g, 13 mmol) was
charged in acetic acid. The suspension was allowed to reflux for
6 h and the reaction was tracked by TLC. Once the reaction was
completed the reaction mixture was cooled to room tempera-
ture, then poured into crushed ice, stirred for 30 minutes and
filtered. The yellow solid was obtained, and then washed with
diethyl ether. Yield 60%; mp 270-273 °C; *H NMR (400 MHz,
CDCl;) 6 ppm 6.936-6.918 (t, 1H, J = 7.2 Hz), 7.224-7.208 (m,
1H, J = 6.4 Hz), 7.318-7.304 (t, 2H, J = 5.6 Hz), 7.553-7.533 (m,
1H, J = 8 Hz), 7.622-7.601 (m, 1H, ] = 8.4 Hz), 7.872-7.869 (q,
1H,J = 8 Hz), 7.976-7.956 (t, 1H, ] = 8 Hz), 8.157-8.139 (q, 2H, J
= 7.2 Hz), 8.247-8.226 (m, 3H, J = 8.4 Hz), 8.648-8.636 (t, 2H, J
= 4.8 Hz), 7.57-7.55 (d, 1H, J = 8 Hz), 13.151 (s, 1H). *C NMR
(100 MHz, CDCl,) 6 ppm 114.36,118.22, 118.63, 120.11, 120.75,
121.39, 122.63, 122.90, 125.23, 126.50, 127.59, 130.48, 130.63,
133.31,135.31, 151.42, 155.42, 168.23. HRMS (ESI) m/z: [MH']
caled for C3,H,,N,0S 421.1055; Found: 421.1134.

2.3. Stock solution preparation

The stock solution of BIPP (1 x 10~* M) was made by dissolving
in the mixture of ACN:H,O (8:2). Aqueous solutions of
different nitrate metal cation salts at a concentration of 1 X
10~ M were made in double-distilled water medium. The
fluorescence and absorption were observed in ACN : H,O (8 : 2)
solution. UV-vis absorption and emission were measured using
(1 x 107° M) BIPP and various metals (1 x 10° M).

3. Results and discussion

3.1. Synthesis and characterization of the probe BIPP

The benzothiazole unit is particularly advantageous as
a component of excited-state intramolecular proton transfer
(ESIPT) probe because it is optically stable, environmentally
sensitive, and exhibits brilliant fluorescence with a significant
Stokes shift. Similarly, the imidazo[1,5-a]pyridine nucleus is
well-known for its photophysical characteristics in the litera-
ture.®*®® On the basis of these observations, new chemosensor
2-(benzo[d]thiazol-2-yl)-6-(1-(pyridin-2-yl) imidazo[1,5-a]
pyridin-3-yl) phenol (BIPP) was developed by incorporating
imidazopyridine into the benzothiazole motifs. The imidazo-
pyridine unit is electron-rich and serves as an electron donor,
quenching the benzothiazole unit's fluorescence through the
photoinduced electron transfer (PET) mechanism. Once BIPP
coordinates selectively to Zn>*, the disruption of the PET
process and subsequent generation of the “push-pull” system
triggers fluorescence enhancement. Straightforward cyclization

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 The synthetic route of sensor BIPP.

of methanones with 3-(benzo[d]thiazol-2-yl)-2-
hydroxybenzaldehyde in the presence of ammonium acetate
was used to accomplish the synthetic process (Scheme 1). The
reaction is simple, demanding just one step and no need for
catalysts or Lewis acids with high sensitivity. The structural
identification of the sensor BIPP was verified by "H NMR, '*C
NMR, and HRMS spectra analysis (Fig. S1-S77).

3.2. BIPP as a sensory probe for Zn>*

The UV-vis spectral measurements were carried out in a binary
mixture of ACN and H,O (8 : 2, v/v). BIPP receptor absorption
spectra display two A,ax bands at 292 nm and 327 nm, caused by
m-7* and n-t* transitions, respectively (Fig. S81). Adding Zn**
to the receptor BIPP caused the band at 327 nm to vanish, and
a new band at 393 nm emerged. Whereas, the absorption peak
at 292 nm remained undisturbed. On the other hand, there were
no significant changes in the absorbance spectra of receptor
BIPP with other examined cations such as Ag*, Na*, K*, Li*, Ba**,
Ca%, Cd2+, Ce‘“, C02+, Cu%, Fez+’ Hg%, Mg2+, Mn2+, Ni2+, Pb2+,

*, AT, Cr*, Fe*" and Ru*", indicating that receptor BIPP
binds preferentially to Zn>* ions while in the ground state Zn>*
causes electronic perturbation in BIPP (Fig. 1a). The progressive
addition of Zn*" was used to perform UV-vis titration of the
receptor BIPP in ACN:H,O (8:2, v/v) solution (Fig. 1b).
Following the progressive addition of Zn>*, the disappearance
of the receptors absorption band at 327 nm and the appearance
of a new peak at 393 nm were gradual, with the eventual
appearance of the isosbestic point at 372 nm. An interaction
between Zn>" and receptor BIPP results in creating isosbestic
points, which suggest that new species has been formed.

A fluorescence technique was used to examine the receptor's
metal-ion detecting characteristics in similar mixed solvent
solutions by adding the nitrate salt of several series of different

(a) =e
\ BIPP+Cd™ =

BIPP

BIPP+Zn*"

Absorbance
Absorbance

0.0 —
250 300 350 400 450
Wavelength (nm)

350 400 450
Wavelength (nm)

Fig. 1 (a) UV-Vis absorption spectra of sensor BIPP (1 x 1076 M)
towards 5 equiv. of various anions in ACN/H,O (8 : 2, v/v) solution; (b)
absorption spectra of sensor BIPP (1 x 107% M) in ACN/H,O (8 : 2, v/v)

solution upon the addition of various concentrations of Zn?* ions (0-2
equivalents).
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Fig. 2 (a) Fluorescence spectra of BIPP (2.0 M) after the addition of 21
metalions (5 equiv.) inan ACN/H,O (8 : 2, v/v) solution. (b) Fluorescent
spectra of BIPP (2.0 M) in ACN/H,O (8 : 2, v/v) solution with different
Zn?* jons concentrations (0-3 equivalent). (c) Fluorescence bottle
images of BIPP in solution with various metal ions (1 x 107> M).

cations including Ag”, Na*, K*, Li*, Ba®>*, Ca®>*, cd**, Ce*", Co™",
Ccu”', Fe**, Hg*", Mg>*, Mn*>", Ni**, Pb>", s1**, AI**, Cr**, Fe** and
* (Fig. 2a). Due to the prevailing photo-induced electron
transfer (PET) mechanism at the excited state, the receptor BIPP
exhibited faint fluorescence after being stimulated at 489 nm.
The receptor BIPP demonstrated an extremely selective ‘Off-On’
fluorescence increase at 473 nm in the presence of Zn*>* among
the different metal ions tested (5 equivalents). Additionally, the
fluorescence titration of receptor BIPP was carried out by add-
ing Zn>" ions progressively over time (Fig. 2b). The fluorescence
band at 489 nm of the receptor BIPP increased with increasing
Zn>" concentration. Notably, Zn®*" concentration alters the
fluorescence intensity of BIPP linearly between 0.1 and 1 uM. An
excellent linear correlation between the relative fluorescence
intensities (I/I, at 473 nm) was found using the derived cali-
bration curve for the concentration range of 0.1 to 1 uM of Zn>*
ion (Fig. S91). We found the linear equation is y = 7.05697x +
0.62667, where x is the concentration of Zn** and y is the
absorption intensity at 473 nm. For the sensor BIPP, the
detection limit was determined by taking the slope of the linear
fit graph and the standard deviation from the blank BIPP
fluorescence spectra, as shown in eqn (1) (see ESIT). The LOD
was 2.36 x 10~ % M, far below the WHO's recommended limit of
76.5 uM.® It was discovered that the achieved detection limit
was significantly lower than that reported in current literature
(Table S1t). With the addition of Zn**, BIPP's solution has
changed color under ultraviolet light from blue to bright green
(Fig. 2c). The quantum yield of BIPP, on the other hand,
increased dramatically when Zn>" was added (& = 0.68).

3.3. Effects of competitive metal ions, pH, and time
response

A chemosensor must, among other things, respond specifically
to target analytes while avoiding cross-sensitivity. Hence, the
competitive experiment was conducted by taking fluorescence
spectrum readings of receptor BIPP in 1 equivalent with Zn**
combined with other interfering cations, as stated above
(Fig. 3a). No substantial difference was observed between Zn**
solutions with and without other cations in the fluorescence

RSC Adv, 2022, 12, 27839-27845 | 27841
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Fig.3 (a) Competitive assays for the fluorescence responses of BIPP (1
uM) in the presence of Zn®" ions (1 uM) and other competing metal
ions (5 uM) in ACN/H,O (8 : 2, v/v) solution. (b) In the absence and
presence of Zn?*, the influence of pH on the fluorescence intensity of
BIPP in ACN/HEPES buffer (8 : 2) (pH 2.0-12.0) solutions.

spectra of receptor BIPP. These findings suggest that other
potentially competing cations do not affect receptor BIPP's
identification of Zn>". Due to its higher sensitivity for Zn>",
receptor BIPP may be used in real-time sample analysis. The
chemosensor BIPP and BIPP-Zn”" system was examined for the
effects of pH variation. The chemosensor BIPP's fluorescence
pattern in the pH range of 2.0 to 12.0 is depicted in (Fig. 3b). In
the pH range of 6.0 to 12.0, the fluorescence spectra of the
chemosensor BIPP showed no noticeable change. When the pH
falls below 6, the additional supply of H' protonates the pyridyl
and imidazole nitrogen, increasing the fluorescence. Addition-
ally, adjusting the pH from 2.0 to 6.0 alters the chemosensor
BIPP's fluorescence response to Zn>" ions. At lower pH levels,
the protonation of the pyridyl and imidazole nitrogen hinders
complexation with Zn>" because there are no lone pair of elec-
trons available. This suggests that when the pH decreases from
6 to 2, the fluorescence of BIPP + Zn>' increases. The interaction
of Zn*" ions with the receptor BIPP occurred quickly during the
first 10 seconds, as shown (Fig. S10t), and there was no
significant change in fluorescence intensity after that, even
when the time period was prolonged to 60 seconds. These
results show that the chemosensor BIPP has quick coordination
with Zn?*, which is desired.

4. Sensing mechanism

Imidazole-nitrogen and pyridyl-nitrogen are thought to interact
with Zn>" ions to create a BIPP-Zn complex in solution. When
the receptor BIPP and the Zn®>* ion interact, the ICT process
speeds up, bringing the lowest excited state closer to the highest
ground state.”®”* To evaluate the manner of complexation
directly, "H NMR titrations of BIPP with different doses of Zn**
in DMSO-ds were performed (Fig. 4). In "H NMR, the pure BIPP
displayed a hydroxyl (-OH) signal at 13.14 ppm, and the protons
flanking the pyridyl nitrogen appeared at 8.73 ppm (H,) and
8.22 ppm (Hp). But with the increasing concentration of zinc
ions, the signal of H, and H;, showed a up field shifted from
8.73 ppm to 8.69 ppm and 8.22 ppm to 8.12 ppm. The proton
(He) located para to the phenolic -OH felt an upfield shift from
7.33 ppm to 7.22 ppm. The proton marked as Hd also shifted to
the upfield region from 6.89 to 6.57 ppm. In addition, the -OH
signal shifted from 13.14 ppm to 12.38.
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Fig. 4 'H NMR spectra of BIPP (400 MHz, DMSO-ds, TMS) and the
complex BIPP-Zn?* following the addition of Zn®* ions.

This confirms that the complexation happens in the region
of imidazole and pyridyl ring. Furthermore, HRMS study
confirmed the presence of a BIPP-Zn>" complex (Fig. S117).
Positive ion mass analysis indicated that the peak at 546.0209
(m/z) was ascribed to [BIPP + Zn>* + NO;]" (caled, 546.0214). Job
plot analysis was used to comprehend the means of binding
between the sensor BIPP and Zn>" (Fig. S121). It was discovered
that the binding stoichiometry between BIPP and Zn>* was 1 : 1.
The Benesi-Hildebrand plot of BIPP derived from emissive
titration data was used to determine the binding constant,
which was determined to be 6.7189 x 10> M~ " between the
receptor BIPP and the Zn>" ion (Fig. $131).”>”® In the FT-IR
spectrum of BIPP, the OH functional group was attributed at
3383.48 cm ™. The OH peak did not vanish when BIPP inter-
acted with Zn”*, indicating that the Zn>* ion was combining
with only pyridyl nitrogen (Fig. S14%).

LUMO ¢

04] g ®®
0.8 ‘; Q@
1.2

-1.81 ¢V

AE=3.82 eV

AE=3.17 eV

BIPP BIPP+Zn?*

Fig.5 DFT calculated LUMO and HOMO diagrams of BIPP and BIPP +
Zn?*. Application of the proposed method for analysis of environ-
mental water samples.
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Table 1 Determination of Zn?" ion in regular water samples
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Concentration of standard

Water samples studied Zn** ion spiked (LM)

Concentration of
Zn** jon found (uM) (n = 3)

Recovery of Zn>" ions
added (%)

Tap water 2.0
4.0
6.0
Drinking water 2.0
4.0
6.0

In addition, DFT calculations using the Gaussian 09 pro-
gramme were employed to support the sensing mechanism. The
frontier molecular orbital (FMO) analysis of both chemosensors
and the target analyte were optimised at the B3LYP/6-31G (d)
level of theoretical analysis.”™ Fig. 5 depicts the HOMO-LUMO
surfaces of the BIPP chemosensor. The HOMO was mainly
localized on the imidazo pyridine of the chemosensor units,
and the LUMO orbital was dispersed over benzothiazole which
accounts for the extended m conjugation. The HOMO orbital of
the chemosensor units was mostly centred on the imidazo
pyridine, while the LUMO orbital was spread across benzo-
thiazole, which accounts for the extended conjugation. Simi-
larly, in BIPP + Zn** complex, the electronic density of HOMO
orbital is dispersed on the imidazo pyridine and on benzo-
thiazole in LUMO orbitals. It is important to note that in the
LUMO of the BIPP + Zn>" complex, the electron density is
completely orientated towards benzothiazole, making the PET
process unfeasible. In addition, the energy gaps (AE) between
HOMOs and LUMOs of BIPP and BIPP + Zn>" were computed to
be 3.82 eV and 3.17 eV, respectively. In the presence of Zn**, the
decreased energy gap was responsible for the red-shift spectral
transformation in the absorption and emission spectra of BIPP.

5. Practical sample applications

To further evaluate the use of BIPP for determining the Zn**
content of actual water samples, recovery tests were conducted
using real water samples from tap and drinking water in the
Vellore Institute of Technology (VIT), India campus using the
previously described approach.® For Zn>* detection, BIPP
sensor yielded recoveries of 97.5% to 103.5%, as shown Table 1.
The results showed that BIPP could be used to detect Zn** in
real samples with high accuracy, indicating certain practical
value of this probe. These results show that the competing
metal ions in the water sample have no effect on the accuracy of
the sensor we constructed to monitor Zn>* ions.

6. Cell imaging studies

Zn”" ion detection in live cells using fluorescence microscopy was
established by conducting fluorescence imaging studies. E. coli
cells have been used to emulate living cells in this experiment.”
For 30 minutes at 37 °C, E. coli cells were incubated with BIPP in
PBS with 1% DMSO as a co-solvent and imaged. After 30 minutes,
the cells were infused with 2 uM Zn”>* and imaged once again.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 This picture shows bright-field and fluorescence images of E.
coli cells that have been exposed to BIPP and Zn*. (a and c) E. coli
cells were incubated separately with BIPP and BIPP + Zn?* (b) E. coli
cells were treated with BIPP (d) E. coli cells were treated with BIPP and
Zn?*,

Incubation of E. coli cells with BIPP did not cause a spike in
intracellular fluorescence, as was anticipated (Fig. 6b). On the
other hand, when BIPP-loaded E. coli cells were incubated with
Zn**, a bright greenish-yellow fluorescence was seen (Fig. 6d).
Thus, it is clear that the fluorescence increase in live cells was
caused by the complexation of BIPP with Zn>". In cytotoxicity
experiments (Fig. S15t), BIPP was shown to be highly biocom-
patible and non-toxic to live cells. Thus, the appearance of
significant fluorescence inside the intracellular region suggests
that the probe BIPP is capable of detecting Zn>" ions in living cells.

7. Conclusion

Finally, we have devised and synthesized a new and simple
benzothiazole conjugated imidazopyridine BIPP with tunable
absorbance and fluorescence to detect Zn>" ions. An increase in
fluorescence intensity of BIPP at 473 nm resulted from the
addition of Zn**, which disturbed the PET process and caused
the fluorescence color shift from blue to bright green. Besides,
probe BIPP demonstrated superior Zn>* specific selectivity and
sensitivity in semi-aqueous conditions when compared to other

RSC Adv, 2022, 12, 27839-27845 | 27843


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra04874d

Open Access Article. Published on 29 September 2022. Downloaded on 8/4/2025 8:58:42 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

competitive metal ions with a lower detection limit (2.36 x 10 ®
M). The BIPP + Zn>" complexation process was confirmed by
electronic spectral titration, Job's plot, 'H NMR, and HRMS
experiments. The efficacy of BIPP in imaging the presence of
Zn*" in E. coli and water samples indicates that it has a broad
range of application possibilities. According to the findings in
this study, we are certain that BIPP could be employed for Zn>*
detection in a variety of applications.
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