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Abstract: Fluorescent compounds have attracted a lot of attention because of their vast range of
applications like visualization, microscopic techniques, low cost, real-time bio-imaging capabilities,
convenience, and simplicity. Fluorescent imaging is the best suitable technology for in vivo monitoring
of Zinc, an essential biological element for living organisms. Many fluorescent probes have been
developed since the late 1980s, with some applications and issues. To avoid issues like interference
from other transition metal ions, insolubility in water, and a difficult synthesis procedure, creating a
highly selective Zn?* sensing system has become an appealing challenge. Because of its good
biocompatibility and unique photophysical properties, quinoline is a popular building component for
fluorescent chemosensors for transition metals. This review focuses on a specific range of quinoline-
based receptors used in Zn2+ ion sensing applications in various biological and environmental
conditions.

Keywords: Quinoline; fluorescence; UV-Vis; colorimetric; binding constant; applications.

© 2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

The development of novel fluorescence chemosensors for the selective detection of
metal ions plays a crucial role in the field of research due to its various chemical, biological
and ecological applications [1-4]. The versatile biomedical implications of fluorescent sensors,
like recognition and fluorescent imaging of biomolecules in living organisms, make the
fluorescence sensor a powerful tool [5-13]. As fluorescence chemosensors have diverse
advantages like cost-effective, onsite monitoring without any instrumentation, the capability of
real-time dynamic analysis, sensitivity, selectivity, and low detection limit, they have a unique
place in the field of supramolecular and analytical chemistry [14-19]. Due to the tremendous
advantages of the fluorescence detection method, it has attracted great attention among several
techniques like inductively coupled plasma emission spectroscopy, electrochemical methods,
flame atomic absorption spectrometry, various analytical techniques, etc. [20-24]. In the
fluorescence detection method, the interaction of analytes with the recognition site of the
receptor results in a change in the fluorescent emission of the signal [25,26] This change in
fluorescence leads to the internal charge transfer (ICT) or chelation enhanced fluorescence
(CHEF) or excited-state intramolecular proton transfer (ESIIPT) or photoinduced electron
transfer (PET) within them [27,28].
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Transition metal ions have a leading role in medicine, energy, life science, and
environmental chemistry [29]. Zinc was the second most abundant metal ion in the human body
among these transition metal ions [30]. Zinc has a lead role in various physiological activities
like DNA synthesis, neurotransmission, gene expression, signal transduction, and
metalloenzyme regulation [31-33]. A zinc shortage or excess in the human body can cause
various diseases like immune dysfunction, growth retardation, cognitive impairment, and
digestion problems [34-36]. Furthermore, too much zinc in the environment can harm plants
by interfering with their metabolic activities [37-39]. As a result, it’s necessary to synthesize
various fluorescent chemosensors for the selective and sensitive detection of zinc ions in
biological environments [40-43].

Various fluorescent chemosensors for detecting Zn?* ions have been developed to date
using various fluorophores like coumarin [44-46], and rhodamine [47-49]. Bodipy [50,51],
benzothiazole [52,53], thiophene [54], diphenyl [55,56], Napthalene [57-60] and quinoline
[61,62]. Among them, quinoline is one of the fascinating groups of compounds due to its
versatile properties like strong photochemical stability, easy m-m* electronic transition, and
biocompatibility [63]. Quinoline-containing compounds have very weak fluorescence initially,
but they can form highly fluorescent complexes with various metal ions [64,65]. These
quinoline-based fluorophores can be used to quantify or detect Zn?* metal ions in the human
body, in environmental samples, and water resources such as ponds, rivers, and drinking water
reservoirs. These sensors are also employed in bio-imaging and fluorescence imaging research
in live cells such as Hela cells and zebrafish. These fluorophores also play a vital role in the
building block of molecular logic gates. The systematic evaluation of several quinoline
derivatives and their sensing behaviors toward zinc metal ions over other metal ions was
presented in this paper, as shown in Scheme 1.
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Scheme 1. Schematically representation of fluorescence chemosensor.

2. Results and Discussion

There are a large number of examples of various biologically active molecular probes
that are used to detect zinc ions at low concentrations [66-71]. Herein, we discuss different
quinoline-derived small molecules to observe selectivity for sensitive sensing of zinc ions. In
this regard, Wang et al. derived a quinoline-based Schiff base derivative 1 (figure 1), i.e.,
quinoline-2-carboxaldehyde (pyridine-2-carbonyl)-hydrazine, from the simple condensation of
2-quinolinecarboxaldehyde and 2-picolinyl hydrazide, which was further used as a selective
colorimetric and fluorescent sensor for the detection of Zn?* ions in a DMSO system [72]. Due
to the m-n* and n-n* transitions, receptor 1 in the DMSO/HEPES buffer system shows two
significant absorption peaks at 287 and 322nm. With the addition of Zn?*, the absorption bands
at 287 and 322 nm were redshifted to 300 and 375 nm, respectively, yielding two isosbestic
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points at 262 and 353 nm. It denotes the development of a 1:1 complexation between 1 and
Zn?*. The photoinduced electron transfer (PET) from imino nitrogen to quinoline of receptor 1
IS owing to the appearance of a modest fluorescence peak at 484 nm.

Moreover, the interaction of Zn?* with the Schiff base 1 resulted in a 101-fold
enhancement in the fluorescence emission of 1, which confirms the formation of the complex
through chelation-induced enhanced fluorescence (CHEF) by reducing photoinduced electron
transfer. The association constant and detection limit were calculated to be 6.65 x 10° M and
72 nM. In both ambient and water samples, receptor 1 was able to detect Zn?*,

Kumar et al. designed and synthesized a quinoline-based receptor 2, i.e., 2-
(diethylamino)-N-(quinoline-8-yl) acetamide 2 (figure 1), which enhanced fluorescence
emission corresponding to the Zn?* concentration in aqueous media [73]. The limit of detection
(LOD) for the detection of Zn?* was 8.8 x 10" M by this receptor 2. The two absorption bands
of 2 in the acetonitrile system, at 240 and 315 nm, were attributed to the n-n* and n-r*
transitions. By increasing the concentration of Zn?*in 2, the absorption band was red-shifted
to 246 and 358 nm, respectively, with two isosbestic points at 287 and 331 nm. Due to PET,
the fluorescence intensity of ligand 2 is relatively low, however, by adding Zn?*, a new
emission maximum at 496 nm, with substantial stock shifts. The presence of Zn?* changed the
color of this receptor 2 from colorless to cyan. It signifies the formation of a complex at a 1:1
stoichiometry ratio. The association constant was found to be 3.28 x 10* M. The complex of
receptor 2 with Zn?* also shows a selective response towards H.PO4". This fluorescent sensor
2 also acts as a logic gate.

A limit of detection of 2.04 x 10 M was observed by a quinoline-based receptor 3
(figure 1) for Zn?* in a 1:1 (v/v) methanol: HEPES Buffer solution [74]. It was observed that
the complexation of Zn?* with receptor 3 leads to the restriction of photoinduced electron
transfer in receptor 3 to develop a sensing signal through chelation-enhanced fluorescence
mechanisms (CHEF). From the UV-visible absorption study, it was observed that the ligand in
methanol-tris buffer shows an absorption peak at 390 nm. After adding Zn?*, the absorption
band at 390 nm gradually decreases, and a new absorption band occurs at a lower wavelength
around 300 nm. The presence of Zn?* changed the color of receptor 3 from deep yellow to light
yellow. After the gradual addition of Zn?* ions to the solution of 3, the intensity of the emission
peak increases by 26-fold, which signifies the complexation in a 1:1 stoichiometry ratio. The
binding constant of 8.71 x 10 M was found for binding between 3 and Zn?". This turn On-
Off sensor was used for real sample analysis and was also used for the building of logic gates.

The quinoline-containing receptors 4a and 4b (figure 1) were also very selective for
recognizing Zn?* and Cd?* in the presence of other metal ions [75]. These 4a and 4b behave as
receptor groups for Zn?* and Cd?*. These metal ions form complexes with both 4a and 4b in a
1:1 stoichiometry with a binding constant of 1.51 x 107 and 9.16 x 10° L.mol, respectively.
The receptors 4a and 4b in the methanol system show an absorption peak at 310 nm, which
was further decreased by increasing the concentration of Zn%" or Cd?*. Similarly, in
fluorescence spectroscopy, receptors 4a and 4b show very weak fluorescence. Upon the
addition of Zn?* or Cd?*, the fluorescence emission gradually increases, which confirms the
coordinative binding between 4a/4b with Zn?*/Cd?* through the CHEF mechanism.

The novel fluorescence-based 8-aminoquinoline derivatives having two different
moieties, i.e., glycine (5a) and B-alanine (5b) (figure 1), were designed and synthesized by
coupling of 8-aminoquinoline with glycine and S-alanine in the presence of TEA, DMAP and
EDC showed selective fluorescent signals for the recognition of Zn?* [76]. The fluorophores
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in the methanol system exhibit a broad absorption band at 300 nm owing to the © — *
electronic transition. Upon the addition of Zn?* ions to 5a, a decrease in absorption peak at 300
nm occurred. Also, the absorption peak increases at 344 nm. At 420 nm, fluorophore 5a has a
relatively faint fluorescence. Due to the chelation enhanced fluorescence (CHEF), the
fluorescence emission rises by adding Zn?* ions, with a new strong band at 504 nm. The
complexation had a 1:1 stoichiometry. The fluorophore 5b has a weak fluorescence response
toward Zn?* ions. Due to the great polarising ability of the Zn?* ion, the binding constant of 5a
is higher than that of 5b. The fluorophore 5a can also be used for the quantification of Zn2+
and molecular imaging.
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Figure 1. Quinoline-based receptors 1-5 used for zinc sensor.

The quinoline-based chemosensors 6a and 6b (Scheme 2) derived from 2-
Hydrazinequinoline and 2-hydroxy-5-methylbenzaldehyde were used as the selective
fluorescent sensors for the detection of Zn?" with a detection limit of 220.6 nM in the methanol
system [77]. The receptor 6b selectively binds Zn?* to that of 6a, as the presence of Zn?* turns
the blue color of 6b into a bright green color. The receptors 6a and 6b in the methanol system
show the absorption peak at 360 and 362 nm, respectively. With the addition of Zn?* to 6a and
6b, the absorption peaks of 6a and 6b shrank, and a new peak with a high intensity appeared at
407 and 420 nm, respectively. Isosbestic points were also observed at 381, 301, 266, and 420
nm for 6a and 387, 300, 248, and 231 nm for 6b. This signifies the formation of the complex
by both 6a and 6b in a 1:1 ratio. The complex was formed through extended conjugation due
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to the coordination between N and O donor atoms of 6a/6b and the metal ions. In the emission
spectra, receptors 6a and 6b show weak fluorescence at 490 and 502 nm, respectively.
However, the emission intensity increased dramatically after adding Zn2+ to both 6a and 6b.
In the instance of receptor 6b, it results in a new emission peak at 515 nm. The proposed
mechanism for the fluorescence enhancement of 6a/b in the presence of Zn?" was seen in
Scheme 1. The binding constant for 6b was found to be 5.90 x 10* M. Receptor 6b was used
for the cell imaging study.

CH, CH,
|
OH  7.o o |
HN &5 V4 NH
= NN
6 6 +2Zn?

Scheme 2. Proposed mechanism for the fluorescence enhancement of 6 in the presence of Zn?*.

To detect Zn?*, PPi, and S ions, Fu et al. developed a quinoline-based turn-on
fluorescence sensor 7 (figure 2) [78]. The fluorophore 7, in methanol, changes color from
colorless to light green in the presence of Zn?*, indicating that it has a strong selectivity for
Zn?* over other metal ions. After adding Zn?* ions, the weak emission peak of 7 increased
instantly. This denotes the development of a complex in a 1:1 stoichiometry ratio. The detection
limit and binding constant were found to be 3.8 x 10® M and 6.7 x 10° M, For the cytotoxicity
and cell imaging studies, sensor 7 was employed. PPi and S? are likewise selectively bound by
the 7-Zn?* complex.

The color of another quinoline-based derivative 8 (figure 2), developed from
diisopropylamine and 2-chloro-N-(quinoline-8-yl)acetamide changed from dark to yellow-
green in the presence of Zn#* [79]. The fluorescence of receptor 8 in the methanol-Tris buffer
system is relatively faint at 506 nm. With the addition of Zn?*, the intensity at 506 nm increased
32-fold over time. It signifies the production of a complex with a stoichiometry ratio of 1:1.
The association constant and the detection limit was calculated to be 4.9 x 10° M? and
4.1 x 10 M, respectively. This fluorophore 8 was used to investigate cytotoxicity and cell
imaging.

Song et al. developed another quinoline-based fluorescence sensor 9 (figure 2) from
bromoacetyl bromide and 8-aminoquinoline in dry CH,Cl, which can detect Zn** and Cd?*
ions selectively and sensitively [80]. Under 365 nm light, adding different metal ions to the
acetonitrile solution of 9, only Zn?* results in turn-on green fluorescence. The solution of 9 in
the acetonitrile/water system has a very faint fluorescence at 416 nm. By increasing the
concentration of Zn?*, the emission intensity at 498 nm increased, while the emission peak at
416 nm vanished. It confirms the production of a complex with a stoichiometry ratio of 1:1.
The association constant and detection limit were determined to be 1.4 x 10* M and 0.063 M,
respectively. Adenosine triphosphate and pyrophosphate were also sensed by this receptor 9.

A quinoline-based fluorescent sensor 4-Quinolin-2-yl-[2,2,6,2] terpyridine 10 (figure
2) was designed and synthesized by Xio et al. from 2-acetyl pyridine and 2-
https://nanobioletters.com/ 5 of 19
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quinolinecarbaldehyde [81]. It was used for the detection of Zn?* in aqueous solutions. Here,
receptor 10, showed weak fluorescence. However, after adding Zn?* ions to the solution of 10,
the emission peak at 520 nm gradually increased. It signifies the complexation of 10 with Zn?*,
The detection limit was determined to be 3.5 x 10® mol.L™.

A quinoline-based chemosensor 11 (figure 2) synthesized from 2-chloro-N-(quinoline-
8-yl)acetamide and (E)-2-(((2-(methylamino)ethyl)imino)methyl)phenol and triethylamine
was used to recognise Zn?* metal ions at the pH ranges ranging from 6-11 [82]. The addition
of Zn?* ions to the DMSO solution of 11 resulted in an increase in the emission peak of 11 at
495 nm. The red shift in the absorption peak of 11 has also occurred. An increase in absorption
peaks at 250 and 350 nm and a decrease in absorption at 290 and 410 nm resulted in four
isosbestic points at 242, 274, 318, and 386 nm. It indicates a 1:1 ratio of coordinative binding
between 11 and Zn?*. The detection limit and binding constants of complexation were
evaluated to be 0.06 M and 5.28 x 10° M, respectively. This fluorescent probe 11 was used
in live-cell and zebrafish fluorescent imaging of Zn?*,
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Figure 2. Quinoline-based receptors 7-11 used for zinc sensors.

By keeping the strategy of the selectivity and sensitivity of Zn%" ion, Li et al.
synthesized a highly selective colorimetric and fluorescent turn-on chemosensor 12 (Scheme
3) from the coupling of 2-chloro-N-(quinol-8-yl)-acetamide and tert-butyl-1-
piperazinecarboxylate [83]. The fluorescence of 12 in the methanol-water system was
relatively faint. The addition of Zn?* to the solution of 12 resulted in a 120-fold increase in the
emission peak with a color change from colorless to cyan. The gradual addition of Zn®* ions to
12 results in the appearance of two new absorption peaks at 256 nm and 354 nm by decreasing
the absorption peak at 240 and 308 nm. It denotes the formation of a complex through CHEF.
The proposed sensing mechanism of 12 for Zn?* is shown in Scheme 2. The detection limit was
determined to be 0.52 M, and the association constant was derived from fluorescence titration
to be 3466 M. This receptor 12 was used to detect the Zn? ions in water samples.
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Scheme 3. The proposed sensing mechanism of 12 in the presence of Zn?*.

Ma et al. constructed a novel quinoline-based chemosensor 13 (Scheme 4) from
chloroacetyl chloride, quinoline-8-amine, and trimethylamine to serve as a selective sensor of
Zn?* ions [84]. At 420 nm, receptor 13 emits a faint signal. After adding Zn%, intensity
increases at 497 nm with a corresponding drop at 420 nm. Through the ICT mechanism, it
confirms the complexation of the 1:1 stoichiometry. The mechanism of complex formation is
shown in Scheme 3. This complexation's binding constant and detection limit were determined
to be 1.64 x 10°M™ and 3.2 x 10 M, respectively.

13 13 + Zn?*
Scheme 4. The mechanism of complex formation between 13 and Zn?*.

Li et al. devised a quinoline based modified chemosensor (E)-1-(6-(4-(2-(2-(2-
methoxyethoxy)ethoxy)eth-oxy)-3,5-dimethylstyryl)quinoline-2-yl)-N,N-bis(pyridine-2-
ylmethyl)methanamine 14 (figure 3) which selectively detect Zn?* metal ions with a detection
limit of 2.94 uM [85]. With the addition of Zn?*, the absorption peak between 360 nm and 430
nm increased continuously. After gradually adding Zn?* metal ions to the solution of 14 in
methanol, the emission peak at 515 nm also increased. This demonstrates that the complex
forms in a 1:1 ratio. The detection limit was determined to be less than 25 nM.

A coumarin-quinoline-based chemosensor 15 (figure 3) devised from 2-methyl-8-
hydroxyquinoline, propargyl bromide, sodium azide, and benzyl bromide served as a selective
receptor of Zn?* metal ions [86]. Receptor 15 in the acetonitrile system selectively binds Zn?*
over other metal ions. It results in a dynamic variation in color from green to yellow. The
decrease in absorption peak at 442 nm with the addition of Zn?* and a new absorption peak at
531 nm indicates the formation of a complex. The isosbestic point at 471 nm indicates the
formation of a complex with a color change from yellow to pale red. In fluorescence emission,
receptor 15 emits broadband with a maximum wavelength of 516 nm. After adding Zn?*, the
fluorescence intensity at 516 nm decreased, and a new emission peak at 556 nm confirmed
their complexation. The cytotoxicity and cell imaging studies were conducted using probe 15.
The detection limit and association constants were 48.1 nM and 0.98 mM, respectively.

https://nanobioletters.com/ 70f 19


https://doi.org/10.33263/LIANBS124.123
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS124.123

15
Figure 3. The receptors 14 and 15 have quinoline moiety.

A quinoline-based optical chemosensor N-((quinoline-8-yl)methylene)acetohydrazide
16 (Scheme 5) devised from 8-formylquinoline and acetohydrazide was developed to examine
its selectivity toward Zn?* metal ions in the ethanol/HEPES buffer system with a detection limit
of 89.3 nM [87] The fluorescence study revealed an increase in the emission peak of 16 at 525
nm, with a 16-fold increase, indicating the selectivity of Zn?* metal ions. Due to C = N
isomerization, receptor 16 primarily exhibits weak fluorescence. After the addition of Zn?* the
isomerization of C = N was inhibited. As a result, the intensity of fluorescence emission
increases (Scheme 4). Receptor 16 has an absorption peak of 318 nm due to the n-* transition.
With the addition of Zn?*, the absorption peak at 318 nm gradually decreased, while the
absorption peak at 360 nm increased, implying an isosbestic point at 332 nm. It indicates the
formation of a complex in a 2:1 stoichiometry ratio. For fluorescence imaging, receptor 16 was

employed.
=
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)J\ +Zn2+ ? N:lc-':
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N:< N
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16 16 + Zn#
Scheme 5. Reaction mechanism of 16 with Zn?*,

For the selective sensing of Zn?" metal ions, Diao et al. developed and manufactured a
new fluorescent sensor 17 (figure 4) with fluorene, quinolone, and benzothiazole moieties [88].
Receptor 17 has an absorption peak at 318 and 487 nm and fluorescence emission at 400 nm.
The drop in emission peak at 400 nm after adding Zn?* metal ions to the solution of 17 was
accompanied by an increase in emission peak at 555 nm, indicating the formation of a complex
through the ICT process. It can also be seen with the naked eye as the color changes from blue
to yellow. The detection limit of Zn?* was found to be 5.0 x 10 mol/L. Receptor 17 was used
in the field of paper-based probes.

A quinoline substituted hydrazone-based fluorescent sensor bis(quinoline-8-
yl)methylene)carbonohydrazide 18 (figure 4) was developed by Gao et al. to serve as a
https://nanobioletters.com/ 8 of 19
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fluorescent turn-on sensor for the detection of Zn* metal ions [89]. Probe 18 in the
methanol/water system exhibits a very weak fluorescence emission at 464 nm. A new emission
peak at 570 nm was noticed with adding Zn?*. The addition of Zn?* also formed a new
absorption peak at 400 nm. This indicates the formation of the complex in a 1:1 ratio. 0.66 M
was determined to be the detection limit. Probe 18, was used for cell imaging study as well.

A quinoline-based Schiff base receptor 19 (figure 4) has been synthesized from 8-
hydroxyquinoline with 2,4-dihidroxy-benzaldehyde to selectively detect Zn?* from
environmental and biological systems with a detection limit of 3.5 x 107 M by inspecting a
color change from colorless to blue [90]. Receptor 19 has an absorption peak of 321 nm and
295 nm in the ethanol system. The absorption peak at 321 and 295 nm decreased as Zn?" was
gradually added. The two new absorption peaks at 306 and 367 nm result in two isosbestic
points at 341 and 267 nm, confirming the recognition of Zn?*. Similarly, by adding Zn?* to
receptor 19, the intensity of the emission peak was enhanced at 450 nm. It denotes the
emergence of a complex with a binding constant of 2.3 x 10* M. This complexation can also
be observed with the naked eye as the color changes from colorless to blue.

The Zn?* exhibited chemosensor switching, fluorescent switching, and photochromism
in a quinoline-based chemosensor  (2-(2-(quinoline-2-yl)hydrazinyl)-N-(quinolin-8-
yl)acetamide) 20 (figure 4) synthesized from 8-aminoquinoline, pyridine, 2-
hydrazinoquinoline and N,N-diisopropylethylamine [91]. Receptor 20, in the DMF system, has
a weak fluorescence peak at 505 nm. Upon the gradual addition of Zn?* ions, the emission peak
increases to 505 nm. In the UV-visible absorption measurement, the increase in the absorption
band at 260 and 365 nm with a concomitant drop at 290 nm signifies the formation of a
complex. It indicates a 2:1 stoichiometric ratio of 20 and Zn* complexation. This
complexation’s association constant was found to be 1.4 x 10'° M2, The detection limit for
Zn?" has been calculated to be 0.07 uM. In zebrafish, receptor 20 was exploited for fluorescence
imaging.

Q<) HO»NH

\ N O N>/\S

0

Br Br
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72N
O OH
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| E E | N-Nx
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(0)
NH HN-NH
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Figure 4. The receptors 17-20 having quinoline moiety.
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Wang et al. investigated a new fluorescence sensor 21 (figure 5), based on
phenylalanine derivative, to detect Zn?* metal ions [92]. After adding Zn?* ions, the emission
peak of 21 at 377 nm gradually increased. It signifies the detection of Zn?* metal ions by 21
with a detection limit of 1.45 x 10" M. The coordination was also seen in FTIR spectroscopy,
with the disappearance of the peak at 3063 cm™ and shifting from 3433 to 3234 cm™. The
formation of complexes via the chelation-enhanced fluorescence process is also indicated by a
change in absorption spectra. In living cells, this receptor 21 was exploited for fluorescence
imaging.

Figure 5. Receptor 21 used for the zinc sensor.

Mikata et al. designed and developed an isoquinoline substituted fluorescent sensor
N,N,N’,N"-tetrakis(2-quinolymethyl)-2,6-bis(aminomethyl)pyridine 22 (figure 6) for the
selective detection of Zn?* metal ions over other metal ions [93]. Probe 22, in the DMF system,
has a much higher selectivity for Zn?* than other metal ions. The absorption spectra of 22
changed after the addition of Zn?* ions. The two isoshestic points, at 311 and 320 nm, indicate
the formation of a complex in a 1:1 stoichiometry ratio. Similarly, adding Zn2+ increased
fluorescence intensity by 38 folds at 428 nm. It confirms that 22 and Zn?* form a complex. In
Hela cells, this receptor 22 was employed for the cell imaging study.

A quinoline-based chemosensor 23 (figure 6) synthesized from 1,3,5-
tris(aminomethyl)-2,4,6-trimethylbenzene and 2-(chloromethyl)quinoline hydrochloride was
used for the recognition of Zn?" with selective on-off-on chemosensor for Zn?* with a detection
limit of 35.60 x 10° M [94]. The addition of Zn?* ions increased the absorbance of 23 at 303
and 315 nm in acetonitrile media. The isosbestic point at 290 nm indicates the formation of a
complex in a 1:3 ratio with an association constant of 1.23 x 10° M. The blue shift with a
prominent peak at 400 nm in the fluorescence titration suggests that Zn?* was detected by 23.

A novel and selective fluorescent turn-on sensor N-(quinoline-8-yl)pyridine-2-
carboxamide 24 (figure 6) was synthesized by Sohrabi et al. for the selective detection of Zn?*
metal ions [95]. Spectroscopic methods showed that the fluorophore 24 selectively detects
Zn?*, as the presence of zinc only results in a color change from colorless to intense yellow. In
acetonitrile media, fluorophore 24 shows three absorption peaks at 328, 276, and 241 nm. The
absorption peaks at 328 and 241 nm decreased with the addition of varying concentrations of
Zn?*. In addition, two red shifts in absorption peaks at 379 and 253 nm were observed. It
produces three isosbestic points at 349, 274, and 248 nm indicating the formation of a complex
in a 2:1 ratio with an association constant of 7.0 x 10** M. The enhancement in the emission
peak of 24 at 481 nm in fluorescence spectroscopy signifies the detection of Zn?* metal ions
by 24, with a detection limit of 7.93 x 107 M. For cytotoxicity and cell imaging studies,
receptor 24 was widely employed.

A highly efficient hydrazone-quinoline-based chemosensor ((E)-5-(diethylamino)-2-
((2-(quinoline-2-yl)hydrazono)methyl)phenol) 25  (figure 6) derived from 2-
hydrazinoquinoline and 4-diethylaminosalicylaldehyde, served as a selective fluorescent turn-
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on sensor for the detection of In®** and Zn?" metal ions with a detection limit of 0.08 pM [96].
The fluorophore 25, in the DMF system, shows very weak fluorescence at 445 nm. The changes
in fluorescence emission at 525 and 528 nm in the presence of Zn?" metal ions indicate the
selectivity of Zn?* over other metal ions. It was also discovered using UV-visible titration that
the absorbance of 25 increased at 250 and 440 nm while the absorbance at 400 nm decreased,
resulting in two isosbestic points at 291 and 416 nm. It denotes a 1:1 complexation of 25 with
Zn?* with a 2.8 x 10* M* association constant.

A simple and practical quinoline and acetamide based fluorescent sensor (2-((3-
morpholinopropyl)amino)-N-((quinolin-8-yl)acetamide)) 26 (figure 6) devised from 2-chloro-
N-(quinoline-8-yl)acetamide and 3-Morpholinopropan-1-amine demonstrated highly selective
emerald-green emission [97]. Receptor 26 has a high fluorescence response towards Zn?* metal
ions with a detection limit of 0.29 uM. A UV-visible absorption investigation discovered that
the absorption peak at 300 nm decreased and a new peak at 345 nm appeared, resulting in two
clear isosbestic points at 273 and 317 nm. It confirms the 1:1 complexation between 26 and
Zn?*, The increase in the emission peak of 26 at 500 nm also indicates the selective detection
of Zn?* ions. The association constant of the complex was discovered to be 1.67 x 10* M.

Xu et al. designed and synthesized a novel quinolinyl-tetraphenylethene-based
fluorescent sensor 27 (figure 6) for the sensing of Zn* metal ions. In ethanol, 27 shows
absorption peaks at 305 and 365 nm and has very weak fluorescence in the range of 450-600
nm [98]. The increase in the emission peak at 607 nm after adding Zn?* ions confirms the
coordination binding between 27 and Zn?*. Also, a decrease in the absorption band at 300 nm
with a red shift in the absorption band gives rise to a new peak at 318 nm, indicating the
formation of a 2:1 complex. The color changes from colorless to pale yellow. The detection
limit and binding constants were determined to be 1.64 x 107 M and 2.17 x 10° M
respectively. This probe 27 has a wide range of applications in Hela cell fluorescence imaging.

A quinoline-based active fluorescent sensor 2-(quinoline-2-yl)quinazoline-4(3H)-one
28 (figure 6) for the detection of Zn?* ions over other metal ions was devised by Bai et al. [99].
In the acetonitrile system, 28 shows absorption bands at 306, 326, 336, and 355 nm. With the
addition of Zn?*, the absorption intensity gradually increases. It signifies the formation of a
complex in a 1:1 ratio. Similarly, 28 have very weak fluorescence at 425 nm and 473 nm. By
increasing the concentration of Zn?* in the solution of 28, the fluorescence intensity increases
at 473 nm. It signifies the strong interaction between 28 and Zn?*. The limit of detection and
binding constants was found to be 8.82 x 107 mol L™ and 8.98 x 10* M,

Kim et al. designed and developed a quinoline-based fluorescent sensor (bis(2-
quinolinylmethyl)benzylamine) 29 (figure 6) synthesized from 2-(chloromethyl)quinoline
hydrochloride and benzylamine for the detection of Zn?* metal ions over other metal ions with
a detection limit of 1.2 x 10° M [100]. Receptor 29, however, exhibits a relatively faint
emission at 426 nm in its fluorescence spectra. With the addition of Zn?*, the emission peak at
426 nm was increased, with a new peak at 382 nm, resulting in blue-colored fluorescence due
to CHEF. This 1:1 complexation’s association constant was discovered to be 4.52. The UV-
visible absorption analysis shows that 29 have absorption bands at 207, 228, and 264 nm. With
the addition of Zn?*, a new absorption band at 203 nm appeared, along with an increase in
absorbance. The isosbestic points at 207, 235, 246, and 282 nm indicate that Zn?* can be
detected selectively.
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Table 1. Selective parameters of receptors 1-29.
Sensor Methods Media Color Sensor Rexc Remi M:L Binding Detectio | Applicati Linearity Resp
change type ratio constant n limits on range onse
(M1 time
1 Fluorescent DMSO Dark to Turn- | 375nm No 11 6.65 X 72 nM. Environ 0tol80 uM | Less
sensor intense blue on emissio 10° M1 mental than
green n samples, 3sec
Water
sample
2 Fluorescent | acetonitrile | Colorless to Off- 310 nm No 11 8.8 x 10° 3.28 x Molecula - 73
chemosens cyan On-Off emissio Ve 10* M1 r logic
or n gate
3 Colorimetri methanol Deep 400 nm | 585 nm 11 8.71 x 2.04 x Real - 74
c and yellow to 10 Mt 106 M Sample
fluorescent light yellow analysis,
sensor Logic
gates
4a Fluorescent methanol --- Turn- | 310 nm | Weak 11 151 x 10 --- - - 75
4b sensor on emissio ™M1
n 9.16 x
10° Mt
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Sensor Methods Media Color Sensor Rexc Aemi M:L Binding Detectio | Applicati Linearity Resp | Re
change type ratio constant n limits on range onse f.
(M) time
5 Fluorescent methanol --- 300 nm | 425nm 11 --- --- Imaging 0-10uM 76
sensor of
molecule
and
quantific
ation of
Zn2+.
6b Fluorescent methanol Blue to 420 nm | 502 nm 11 5.90 x 220.6 Cell 77
sensor Green 10* M2, Nm imaging
study
7 chemosens methanol --- Turn- | 353nm | 489 nm 11 6.7x10° | 3.8x 108 | Cytotoxic 1-10 uM 78
or on Mt M ity and
Cell
imaging
study
8 Fluorescent methanol Dark to 355nm | 506 nm 11 4.9 x 4.1x10® | Cytotoxic 0-5 uM 50s 79
sensor Yellow 10° M1 M ity and
green Cell
imaging
study
9 Fluorescent | acetonitrile | Colorless to 321 nm | 416 nm 11 1.4 x 10* 0.063 Sensing 0-36 uM 80
sensor Green M1 uM. of
pyrophos
phate and
adenosin
e
triphosph
ate
10 Fluorescent DMF --- 470 nm | 520 nm --- 3.5x10% --- 6-10 uM 81
sensor mol.L*?
11 Fluorescent DMSO --- 340 nm | 495 nm 11 5.28 x 0.06 uM | Fluoresce 0-1.5 yM 82
chemosens 10° M1 nt
or imaging
of Zn2+
in live
cell and
zebrafish.
12 Fluorescent | methanol - | Colorlessto | Turn- | 360 nm | 484 nm --- 3466 Mt | 0.52uM Water 1-10 uM 30s | 83
chemosens water Cyan on samples
or
13 Fluorescent | acetonitrile --- 315nm | 420 nm - 1.64 x 3.2 x 10- --- 1-10 M 84
chemosens 10° M* 6M
or
14 Fluorescent methanol --- 750 nm | 455 nm 11 >25nM --- 0-6 uM 5s 85
sensor
15 Fluorescent | acetonitrile Green to 380 nm | 516 nm - 48.1nM | Cytotoxic 1-7 uM 86
sensor Yellow ity and
Cell
imaging
16 Chemosens ethanol Switch | 360 nm | 525nm 2:1 89.3nM Fluoresce | 0-14.5 uM 10 87
or /HEPES -on nce minu
Buffer imaging te
17 Fluorescent ethanol Blue to 340 nm | 400 nm --- --- 5.0 x 10°® Paper 88
sensor Yellow mol/L based
probe
18 Fluorescent methanol --- Turn- | 400 nm | 464 nm 1:1 --- 0.66 yM Cell 89
sensor on imaging
Real
water
19 Fluorescent ethanol Colorless to 375nm | 450 nm - 23x10* | 35x 10 - 0-30 | 90
sensor blue s ™ s
20 Chemosens DMF - 340 nm | 505 nm 2:1 1.4x 10 | 0.07uM | Fluoresce 91
or M2, nt
imaging
in
Zebrafish
21 Fluorescent --- Green to 317 nm | 377 nm --- --- 1.45 x Fluoresce 0-2.5 yM 92
sensor blue 107M nt
imaging
in living
cell
22 Fluorescent DMF 323nm | 428 nm 11 Fluoresce 93
sensor nce
imaging
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Sensor Methods Media Color Sensor Rexc Remi M:L Binding Detectio | Applicati Linearity | Resp | Re
change type ratio constant n limits on range onse f.
(M) time
in Hela
cell
23 Fluorescent | acetonitrile --- Off-on- | 315nm | 430 nm 1:3 1.23 % 35.60 x --- 94
sensor off 10°M* 10° M.
24 Fluorescent | acetonitrile | Colorlessto | Turn- | 370 nm | 481 nm 2:1 7.0 x 101 7.93 x Cytotoxic 0-50 uM 95
chemosens Intense on M2 107 M ity and
or yellow Cell
Imaging
25 Chemosens DMF - Turn- 445 nm | 525 nm 11 2.8x 10* | 0.08 uyM - 96
or on M
26 Fluorescent DMSO 345nm | Weak 1:1 1.67 x 0.29 yM 0-6 uM 97
sensor emissio 10°M?
n
27 Fluorescent ethanol Colorless to Turn- 380 nm | 607 nm 2:1 2.17 x 1.64 x Fluoresce 98
sensor Pale yellow on 105M1 10" M nce
imaging
in Hela
Cell
28 Fluorescent | acetonitrile - Turn- 375nm | 473 nm 11 8.98 x 8.82 x - 99
chemosens on 10* M2, 107 mol
or L?
29 Fluorescent | acetonitrile --- 382nm | 426 nm 11 452M1t | 1.2x 107 --- 10
sensor &M 0

3. Conclusion

This review studies the sensing properties of various novel quinoline derivatives. The
sensing properties of quinoline derivatives were due to internal charge transfer (ICT) or
chelation enhanced fluorescence (CHEF) or excited-state intramolecular proton transfer
(ESHPT), or photoinduced electron transfer (PET) within the receptor and metal ions. Various
novel quinoline derivatives have excellent selectivity and sensitivity towards Zn?* metal ions
over other metal ions. So designing and synthesizing many novel quinolines and their
derivatives and testing their sensitivity to zinc metal ions is of significant interest. This
overview and review of quinoline-based zinc sensors provide useful guidance for further design
and synthesis of quinoline derivatives to selectively bind zinc metal ions in real samples and
Hela cells.
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