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Metal poisoning has recently arisen as a global concern, which imposes a significant threat to both the envi-
ronment and human health. Schiff bases and related metal ion complexes are being researched due to their
remarkable applications in metal ion detection. Here in this review, we present many chalcogenated sensors for
metal ion detection for both biological and heavy metals and a comparison based on detection limit and sensor
techniques is discussed. This review also describes the performance of the Schiff base with a multi-donor set for
metal ion detection. Aside from prospects, this evaluation offers a general guide to using such environmentally
beneficial Schiff bases to identify dangerous chemicals. This review discusses recent advancements in the
detection system of metal, including their synthesis methods and sensing applications for the detection of heavy
metal ions such as Iron (III), Mercury (II), Copper (II), Chromium (VI), Lead (II), Cobalt (II), Aluminum (III), Zinc
(ID), Silver (I), and Gold (III), all of which are major environmental pollutants. Different mechanisms of detection
such as ICT, IFE, CHEF, CHEQ, etc are also discussed here in detail with examples.

Electronic Transition
Colorimetry
Fluorometry

1. Introduction

Metal ions are hazardous to both human health and the environment
so metal detection systems are becoming more important as metal
concentrations rise due to industrialization and urbanization [1-5].
Metals are essential in medicine to keep serum lithium and potassium
levels under control in patients being treated for manic depression or
high blood pressure [6]. Although various approaches are accessible,
and despite previous successes, new work in these areas is necessary.
The Schiff base is capable of detecting various metal ions as it contains
an azomethine unit [7]. Although Schiff bases are well known for their
different biological and catalytic applications [8-10]. Schiff bases are a
kind of ligand that has a wide range of applications in coordination
chemistry. Their donor-acceptor ease with different metal ions provides

efficient use in metal ion detection. They may act as multidentate li-
gands for transition and typical metals and anions [11-20] As a result,
significant effort is being put into building viable sensors capable of
detecting and evaluating heavy, transition metal ions, and anions in
biological systems to detect Serious human illnesses include cancer,
diabetes, neurological disorders, and cardiovascular disease [21-24]. In
agriculture, it is useful for the detection of organophosphate, nitrite, and
carbamate insecticides.[25,26]. Two broad metal detection approaches
that are being explored are “recognition” and “reactivity” by Aron et al.
2015. For example, a recognition-based approach is used to construct
transition metal probes for copper and nickel, whereas the approach
provided here is employed to study cobalt and iron in Fig. 1 [27].
Metal ions also play an important role in donor selection, depending
on donor groups and the type of ligands. Several studies have reported
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that the complexes of more versatile containing both hard and soft donor
groups [28-30]. Although a broad variety of donors are available only a
few atoms are commonly used which include S, P, N, O [248]], and
whereas As, Se, and Te to a lesser extent [31-33]. X. Zhang, Wu, et al. in
2021 studied various metal-ligand interactions and through various
mechanisms, metal ions can be detected which depends on various
factors such as time, temperature, pH, and concentration via multime-
tallic ion sensing, cumulative or stepwise sensing. Here is an example of
a cumulative sensor that depends on the concentration of cu?* ion as
shown in Fig. 2. The ligand triphenylamine-functionalized salicylalde-
hyde-pyridine first reacts with cut ([ligand]:[Cu2+: 1:1), which
further reacts with an extra Cu®" ion to afford 2TPA-Py-4 Cu®" with the
following stepwise with excellent sensitivity and specificity toward Cu®*
ions in THF/water media with a low limit of detection of 26.87 uM [34].

The existence of additional functional groups in the initial carbonyl
and/or amine used to synthesize the Schiff base gives the imine with two
or more distinct donor atoms to chelate metals and ions, primarily ni-
trogen, oxygen, and sulphur, but also phosphorus, selenium, and tellu-
rium [35-37]. The chalcogen bond has evolved as an unusual sort of
non-covalent contact that provides a helpful synthetic tool for catal-
ysis, and metal or anion sensing has become one of chemistry’s frontiers
[38-44]. Certain redox catalysts containing selenium and tellurium
atoms have shown great promise since they are non-toxic on their own
but produce an effective, frequently selective cytotoxicity when the
’proper’ intracellular redox partners are present [45]. Furthermore, the
presence of donors with opposing features, such as an N-donor and an O/
S/Se/Te-donor, changes the selection of metal ions as well as the sta-
bility, spectroscopic, and redox properties of their complexes
[27,34,46-55]. A pictorial presentation of electronic transition and
different mechanisms of colorimetric and fluorometric detection is
shown in Fig. 3.

2. Metal ions toxicity

Metal ions are necessary for all kinds of life to survive because they
allow all cells inside living organisms to operate appropriately. There
are two sorts of significant biologically relevant metals in the living
system. The first is Group I and II metals, which comprise Na®, K",
Mg%*, and Ca* and are abundant in most living things. Second, the
most dangerous metal ions are Pb?*, As®>*, Hg?*, Cd?*, and Cu®". which
are classified as heavy metal ions and have a significant impact on a
variety of environmental contamination problems [56,57]. Metal
poisoning is now recognized as one of the most serious threats to agri-
cultural productivity, with the possibility to become significantly more
common in the coming decades. Among the 52 metals that have a
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concentration-dependent impact on plant performance are Pb, Mn, Cu,
Ni, Co, Cd, Hg, and As [58,59]. Micronutrients and macronutrients,
when present at sufficient levels, support the operation of essential en-
zymes and regulate metabolic processes such as photosynthesis, DNA
synthesis, protein modifications, sugar metabolism, and redox equilib-
rium. Chemicals, in greater concentrations, are hazardous and can kill
all lifeforms, including plants and animals [60-62]. In contrast, the
presence of metal ions at levels greater than or less than the permitted
limit (Table 1) may be harmful to both the environment and people. ICP,
AAS, ICPMS, electrochemical detection, and ion chromatography were
formerly employed in metal ion detection technologies [63-66].

Schiff bases are molecular devices that modify one or more system
attributes, such as electrical, electronic, magnetic, or optical signals, to
transfer chemical information into electronic transition [71]. These
features prove Schiff base sensors useful in metal ion detection, bio-
logical imaging, environmental monitoring, and optoelectronic systems.
The most difficult and crucial area of investigation is just recognizing or
identifying them [72-81]. Among known sensors, Schiff bases are well-
known chemosensors for sensing cations as well as anions [82-86].
Sensors with molecular architectures made of a crown ether, naphtha-
lene, coumarin, pyridines, pyrene, and quinolones have been created to
bond with metal ions for selective and sensitive detection of various
metal ions has received remarkable attention since exposure to metal
ions could lead to several diseases in human beings [87-90]. So research
is going on for this purpose to identify different metal ions via various
mechanisms such as PET, ESIPT, FRET, CHEF, CHEQ, and Excimer for-
mation which is generally based on electron/proton transfer or elec-
tronic interactions [91-97].

3. Chalcogenated Schiff base sensors

Schiff bases may coordinate with almost any metal ion by N-atom of
the azomethine group with extra donating atoms of nitrogen, oxygen, or
sulphur atoms close to the azomethine group [98]. Hemilabile hybrid
ligands are chalcogenated Schiff bases with both soft and "hard’ donor
sites. Because of their metal chelation, such ligands have been frequently
employed as catalysts and chemosensors [99]. They have an interesting
catalyst and sensor design. The invention and use of new ligands for the
manufacture of efficient sensors and long-lasting catalysts is an
intriguing subject to investigate, and sensors are plentiful [100,101].
Mostly Schiff bases used as metal ion detection of Ni*, Co®*, Mg?",
cu?*, Fe?*, Mn?*, zn?t, Fe*t, Hg?t, AI** Fe*t, cr’f, and Pb%*
[102-107]. Oxygen Sulphur, selenium, and tellurium-containing ligands
are environmentally friendly and less hazardous compared to phos-
phorus, arsenic, and mercury complexes which are widely carefully
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Fig. 1. Representation for detection strategies recognition and reactivity (Figure is reproduced by the permission taken from ACS, copyright).
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Fig. 2. AIE and ESIPT effect with cumulative sensing effect by the ligand TPA-Py (Figure is reproduced by the permission taken from ACS, Copyright).
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Fig. 3. Electronic transition and different mechanisms of colorimetric and fluorometric detection.

studied but they harm the environment. However, there has been
increasing interest in S/Se/Te ligands in recent years which are suitable
replacements [108-110]. Detty et al. developed a series of organic-
selenium/-tellurium dye fluorescent compounds sensitive to redox
processes [111] Since then, innovative chalcogen-based fluorescent
compounds have been employed in biomedical imaging and as chemo-
sensors to detect endogenous oxidants, thiols, and specific metals.
However, very few reports of tellurium-based chemosensors have been
published due to the various obstacles of tellurium-based molecular
systems [111-120]. One of the examples is discussed here, Tellurium-
Rhodamine-based fluorescence probes (1) were developed (Scheme 1)
which is based on the oxidation of tellurium by Hg?", a technique for
detecting Hg>" was seen and well understood (2). TR, a new monomer
chemosensor, exhibits a high fluorescence quantum yield of 0.41,
excellent selectivity, and exceptional sensitivity to Hg?*, with a detec-
tion limit of 2.95 mol/L [121].

It was developed that a near-IR reversible fluorescent probe with an
organoselenium (3) may be used to monitor peroxynitrite oxidation and
reduction events under physiological conditions sensitively and selec-
tively (4) as shown in Scheme 2. When tested in both aqueous solution
and living cells, the probe successfully avoided the effects of auto-
fluorescence in biological systems and generated favorable results
[116].

Among chalcogenated Schiff bases with thioether, donor sites have
attracted more attention [122-124]. For example, Schiff bases 5

containing nitrogen, sulphur, and oxygen donor atoms, were designed
and synthesized in a multi-step reaction sequence (Chart 1). The Schiff
base 5 was used in solvent extraction of metal chlorides such as Cu(I)
from the aqueous phase to the organic phase and the concentration of
the extractant was investigated to shed light on their chemical extracting
properties upon the extractability of metal ions [125].

Tellurium is the most common non-radioactive element in the
chalcogen family, which also contains oxygen, sulphur, and selenium.
Tellurium’s primary industrial application has traditionally been met-
allurgy [126,127]. Organotellurium chemistry has advanced rapidly in
the recent two decades or more, embracing a wide range of applications
[127-132]. The simplest organotellurium ligands were thought to be
difficult to synthesize because of their sensitivity to oxygen. Mostly only
monodentate tellurium ligands are well-known [133]. Telluroxides are
structurally similar to sulfoxides and selenoxides. organotellurium
compounds are being studied to fully understand metal-ligand dy-
namics and their potential use in the synthesis of catalysts [134-141].
Due to the volatility of selenols and tellurols, creating arylselenolato and
tellurolato ligands is often more difficult than making phenolato and
thiophenolato ligands. However, there is scant data on the use of metal
complexes containing organotellurium ligands in medicine and catalysis
[142,143]. Typically, selenium is part of the probe’s reactive, or active
site; in other circumstances, it is the analyte, either as a reduced or
oxidized form of selenium. In addition, the link between reduced and
oxidized selenium is explored [144]. It is discussed the chemistry of a
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Table 1

WHO (World Health Organization) permissible metal concentration levels in
drinking water and metal ion RDA (recommended daily allowance) in the
human body.

Metal In human In drinking Author name Ref.

ion body water

Fe*'/ 8 mg day ! 0.3 M. Kumar (2012) etal,,  [67-69]
Fe** F. S. Al-fartusie (2017)
et al.,A. L. Berhanu
(1962)
et al.
Ni%*+ 80-130 pg 0.0008 M. Kumar (2012) et al.,
day! F. S. Al-fartusie (2017)
et al.,A. L. Berhanu
(1962)
et al.
M. Kumar (2012) et al.,
F. S. Al-fartusie (2017)
et al.,A. L. Berhanu
(1962)
et al.
crt 50-200 mg 0.05 A. L. Berhanu (1962) [69]
day! et al.
Mgt ~300-400 mg 50 M. Kumar (2012) et al.,
day ! F. S. Al-fartusie (2017)
et al.
M. Kumar (2012) et al. [67]
M. Kumar (2012) et al., [67-70]
F. S. Al-fartusie (2017)
et al.,,A. L. Berhanu
(1962)
et al.,J. K. Fawell
(2004)
et al.
M. Kumar (2012) et al.,
A. L. Berhanu (1962)
et al.
F. S. Al-fartusie (2017)
et al.,
A. L. Berhanu (1962)
et al.
M. Kumar (2012) et al.,
A. L. Berhanu (1962)
et al.
F. S. Al-fartusie (2017)
et al.A. L. Berhanu
(1962)
et al.
M. Kumar (2012) et al.,
F. S. Al-fartusie (2017)
et al.,A. L. Berhanu
(1962)
et al.,
J. K. Fawell (2004) et al. [70]
M. Kumar (2012) et al. [67]

[67-69]

Cu** 2 mg day ! 1.0 [67-69]

[67,68]

Ca®" - 75
Mn?*" 2.3 mg day ! 0.1 mg/1

Hg*" - 0.001-65 [67,69]

Zn** 8 mg day ! 5.0 [68,69]

cd** - 0.005 [67,69]

AR 3-10mgday ! 0.03mgl! [68,69]

Co?* 5-40 pg day'  0.001 [67-69]

Sn** - 1-2pgl!
Pb**" 93.5 pg day ! 0.05

H g2+

H.0

Non-Fluroscent

series of azomethine macrocycles with selenium/tellurium atoms in o-
positions concerning the C=N bond. The macrocyclic polyamine li-
gands, which are formed by reducing the appropriate Schiff bases,
readily form complexes with a variety of metal ions, with the same
denticity but differing flexibility Other Selena- and telluric-macrocycles
(6-8) are also given for comparison (Chart 2) [145,146].

Secondary interactions with heavier chalcogens (Se, Te) are more
common than secondary interactions with sulphur. Tellurium chemis-
try, in particular, demonstrates “intramolecular coordination” in the
form of diazenes, pyridines, amines, and carbonylic compounds because
(Se, Te) in azamacrocycles would boost anion binding selectivity over
plain aza monocycles [144,145,147] resulting in a puckered structure
rather than a flat structure for the monocycle. Chalcogens (Se, Te)
azamacrocycles (9-16) are shown in Chart 3 [145].

1, 8-anthraquinone-18-crown-5 sulphur (17), selenium (18), and
tellurium (19) derivatives were produced by reacting NasS, NasSe,
NayTe (Chart 4). The optical properties of the new compounds are
investigated, and the sulphur and selenium analogs exhibit a significant
increase in green emission when combined with Pb(II) in acetonitrile.
Titrations with UV-Visible and luminescence reveal that 17 and 18 form
1:1 complexes with Pb2t[148].

Supramolecular chemistry is involved too for sensing material in the
construction of potentiometric ion selective electrodes (20-23) for
different metal ion sensing (Chart 5) [149].

A. Abbaspour, et al. in 2002 study on the electrode for aluminum
ions using the ion carrier bis(5-phenyl azo salicylaldehyde) 2,3-naphtha-
lene diimine 20. This membrane sensor demonstrated high selectivity
for AI** across a wide range of other metal ions. The detection limit is
2.5 x 10°% M. It has a quick reaction time of roughly 10 s and may be
used for at least 10 weeks without causing any problems [150]. B. Khan
et al.., 2016 synthesized a new luminous bis-calix[4]arene macrocycle
30 with metal-binding pockets (Chart 6). The Cu®** detection limit was
discovered to be 40 nM, which is substantially lower than the US
Environmental Protection Agency’s threshold level in drinking water.
The findings demonstrated excellent agreement with the fluorescence
quenching phenomena of macrocycle observed in deionized water.
Importantly, chemosensor 30 can detect Cu®* in live cells [151].

D. Gakmak et al.., 2017 study on 2-amino benzylamine, an unsym-
metrical salen-type Schiff base 31, and its metal complexes which were
investigated in the detection of compounds such as dopamine, catechol,
cysteine, and uric acid. The salen-type Schiff base-Ni(II)(32)-modified
graphite electrode generated the best results for catechol and dopamine
determination in these trials with LOD values of 0.03 M and 0.06 M for
catechol and dopamine respectively [152] (See Scheme 3)

Fluorescent

Scheme 1. Tellurium-Rhodamine (TR)-based fluorescence probes.
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Scheme 2. Near-IR reversible fluorescent probe with an organoselenium functional group.

Br Br
HS SH
NN 5
O (6)
= NS N

Chart 1. Schiff bases containing nitrogen, sulphur, and oxygen donor atoms.

4. Mechanistic strategies based on colorimetric and
fluorometric analysis

In general, a sensor with metal ion coordinates which involves in a
metal detecting system. A binding functional unit in a Schiff base sensor
can coordinate with a metal ion, resulting in CHEF or CHEQ activity.
Bimodal methods (colorimetric and fluorometric) (Fig. 4) are nowadays
used for metal detection. Here, is an example of it, G. Tamil Selvan et al..
(2018) proposed a naphthalene diamine-based (-diketone derivative
which was successfully used as a dual signaling probe for divalent cat-
ions, Fe?" and Cu®" ions. It showed fluorescent enhancement for Fe?*

SN« B eVan

>3y

6 7 8
Chart 2. Selenium and tellurium macrocycles.
E E E E
@/Rﬁ _N—R-Nx _N-R—Nx
R = CH,CH,. E = Se/Te 9 R = CH,CH,. E = Se/Te 11 R =CH,CH,.E =Se/Te 13
R = CH,CH,CH,. E =Se/Te 10 R = CH,CH,CH,. E=Se/Te 12 R=CH,CH,CH,.E=S 14

" JTL
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Chart 3. Schiff bases containing heavier chalcogens (Se, Te) into macrocycles.
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Chart 5. Different chalcogenated Schiff base sensors (20-23) for different metal cations.

Chart 6. Luminous bis-calix[4]arene macrocycle 30 with metal-binding pockets.

ion by photoinduced electron transfer mechanism and fluorescence
quenching for Cu?" ion by charge-transfer process by both colorimetric
and fluorometric experiments [53].

The following are the most often utilized metal ion detection
mechanisms for chalcogenated Schiff bases.

4.1. Photoinduced electron transfer

PET is a technique where the transport of electrons between the
donor and acceptor is stimulated. Metal ion coordination with the Schiff

base sensor can either help or inhibit the PET process, resulting in an
emission shift (Fig. 5) [153].

J. Xue et al. (2018) studied a simple condensation process between
chromone and rhodamine B hydrazide occurs to form a dual probe 33,
due to the restriction of the PET mechanism and the CHEF impact, it
showed obvious responses to Zn?>" and Fe3* in various solutions. At
multiple excitations and emission wavelengths, this probe displayed
remarkable selectivity towards Fe®' via the ring-opening mechanism of
the rhodamine Spirolactam, accompanied by a color shift that could be
visualized by the naked eye. Furthermore, the detection limits of the
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Scheme 3. Synthesis of nickel metal salt as sensor.

Fig. 4. Bimodal methods (colorimetric and fluorometric) are used for metal detection (Figure is reproduced by the permission taken from ACS, copyright).

probe for detecting Zn?>* and Fe>" were low (Scheme 4) [154].

C. Liu et al. (2012) study of a Schiff-based fluorescent sensor, MCPH,
92 showed high selectivity for AP* over other metal ions examined in
acetonitrile (Chart 7). Upon binding AI*", a significant fluorescence
enhancement with a turn-on ratio over 101-fold was triggered. The
detection limit of MCPH for AI** was 0.25 uM. PET and CHEF mecha-
nisms demonstrated good selectivity for Al>* over other metal ions with
a 101-fold fluorescence increase and high sensitivity with the detection
limit MCPH might serve as an ideal chemosensor for the very hazardous
aluminum ion [155].

Y. Li et al.(2017) develop a highly selective and sensitive probe 93
for Hg?' detection in aqueous environments, and a new mono-
thiosemicarbazone Schiff base chemosensor NDBHC was developed
and produced. In the presence of Hg", there was a dramatic quenching
of fluorescence at 487 nm, which was followed by a red shift in the

absorption spectra. The detection limit was 31.1 nM and the association
constant was 7.485 x 107 M~! respectively. The charge density of the
mono-thiosemicarbazones-Hg?* moiety rose following coordination
resulting in a CHEQ effect caused by PET (Scheme 5)[156].

4.2. Intra/intermolecular charge transfer (ICT)

The excited molecule’s energy is relaxed throughout the ICT process
by a charge transfer event, which can be intramolecular or intermolec-
ular and comprises charge transport by the donor molecule in an excited
state to the surrounding acceptor [157-159]. G. Yin et al.(2020) develop
a coumarin-based probe 39 which exhibits a significant increase in
fluorescence owing to ICT, as illustrated in Scheme 6. It is a colorimetric
and ratiometric fluorescence detector with great selectivity for Fe>* that
has been devised and produced, with the capacity to exclude other
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Chart 7. Schiff-base fluorescent sensor, MCPH.

heavy as well as transition metal ions (40) [158].

The colorimetric and fluorometric dual-channel sensing of Hg?" ions
via the twisted intramolecular charge transfer (TICT) mechanism is
described by Y. Zhang et al. (2013) for a non-sulphur chemosensor based
on a simple-to-produce double naphthalene Schiff base. the complex 41-
Hg?" may therefore be employed as a fluorescent sensor for iodine an-
ions (42) (Scheme 7). Notably, the color changes are dramatic, and all of
the identification and recycling processes can be seen with the naked eye
[160].

A. K. Manna et al.(2018) develop a reversible Schiff base chemo-
sensor 4-DHBB 43 and used to detect Cu?* jons. The detection limits for
Cu®" went up 0.93 pM, which was significantly below the WHO drinking
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Scheme 8. Reversible Schiff base chemosensor 4-DHBB is created and used to detect Cu®*™

water standards. Using Job’s plot analysis, the binding mode of probe 99
with Cu?* ion is determined to have a 1:1 complexation stoichiometry
(44) (Scheme 8). The synthesized chemosensor 43 is used in real-time

sample analysis and the construction of INHIBIT and IMPLICATION
logical devices [161].

N /
~C

42

ions via TICT.

H I

I

W,

N
\
\
\
<

(0)

1
1
1
1
II
1
HN- N\ S

ions.

4.3. Ligand to metal charge transfer (LMCT)

P. G. Sutariya et al.(2020) develop a Naphthalene moiety as a fluo-
rophore with calix[4]arene, 45 (Chart 8) for the construction of the C4N
fluorescence sensor showing ON-OFF-ON behavior for Zr** and Fe*
This type of transfer occurs more frequently in complexes containing
metals with low-lying empty orbitals or ligands with relatively high-
energy lone pairs (such as O, S, or Se). LMCT complexes are created
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45

Chart 8. Structure of the naphthalene-calixarene-based sensor 45.

when electrons are transferred from ligand-containing MOs to metal-
containing MOs [92].

4.4. Forster resonance energy transfer (FRET)

FRET is a distance-dependent interaction that transfers excitation
without the emission of photons from one donor molecule toward an
acceptor molecule The essential conditions must be satisfied for the
FRET phenomena to occur: The acceptor and donor components must be
near close to one another. Fig. 6 demonstrates the FRET pathway for
detecting Cu* (46,47) [162,163].

4.5. Excited spin intramolecular proton transfer (ESIPT)

ESPIT is a frequently applied photophysical phenomenon in fluo-
rescent sensing materials, photoluminescent switching devices, and
light-emitting materials. The keto tautomer is typically responsible for
ESIPT chromophores. Here a benzimidazole-based sensor 48 by G.
Dhaka et al.(2016) utilized for Al® * and Cd? ™ metal ions in CH5CN
solution(49A, 49B). The cation-induced inhibition of the ESIPT phe-
nomenon was responsible for these fluorescence changes as shown via
Scheme 9 due to keto-enol tautomerization [164].

Kuzhandaivel et al. in 2021 developed thiazole-based Schiff base
HNAT, 50 which recognized AI** ions by a turn-on process (51) over a
panel of other potentially competing metal ions. The binding constant
with AI** was found to be 8.27 x 10° M ™! The proposed mechanism is
ESIPT inhibition due to hydrogen bonding as indicated by resonating
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Fig. 6. Example of FRET showing Cu*"

structures 52 and 53 in Scheme 10 [165].

4.6. The inner filter effect

In a radiative process, the energy emitted by the probe is absorbed by
the absorber in the sensing device. It is produced by the spectrum
overlapping here between the absorber’s absorbance zone and the
excitation and/or emission regions. The probe demonstrates the impact
of the inner filter, which is based on the selective detection of nitro
explosive-picric acid in such an aqueous solution with a solid substrate
via conjugation (Chart 9) [166]. Another example of the process is
shown by quenched fluorescence of the Cr**-chemosensor- Probe 54 by
Abbasi and Shakir (2018) in a solution of ascorbic acid is the reduction
of Cr** to Cr®* by l-ascorbic acid, which resulted in the removal of both
primary and secondary IFE and the recovery of the fluorescence of
chemosensor. This is the way that demonstrated the detection of Cr**
tap water and groundwater, ascorbic acid, and vitamin C pills [167].

4.7. Metal-induced chemical change and C—=N isomerization

J. Y. Yang et al. in 2022 develop Schiff base sensor probe 55 for AI**
and Cr®" detection based on fluorene-naphthalene. The recognition
method used a reaction-based strategy in which the C=N group of probe
55, C=N was first oxidized to O—C—NH in the presence of AP or Cr¥t
after coordination (Scheme 11), leading to C=N isomerization inhibi-
tion and high emissions (56) Ligand is oxidized to an unstable C—N—O
three-membered ring structure when it comes into touch with AI** or
Cr®* ions. After then, the structure is transformed into a stable amide
group. Finally, the nitrogen and oxygen atoms coordinate Al3+ or Cr3+
ions, limiting CH=N isomerization and causing strong fluorescence
[168].

4.8. CHEF effect

Chelation of a Schiff base to a metal ion increases the stiffness of the
molecular assembly by reducing the rotational mobility of the azome-
thine carbon relative to the aromatic rings in the Schiff base, resulting in
a significant increase in fluorescence intensity known as CHEF. Here
probe 57 is shown in Scheme 12 for sensing AI** by the CHEF
mechanism.

Singhal et al. (2015) develop MTMBT (60), which has been suc-
cessfully applied for the selective recognition of mercury metal ions and
utilized as a fluorescence turn-on sensor for Hg?* ion detection via CHEF
(Scheme 13). The 2:1 stoichiometry of the sensor complex 60 + Hg?"
(61) was calculated from the Job plot based on UV-Vis absorption
spectra. The LOD was also calculated from the fluorescence emission
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quenching by a combination of 46 and 47.
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Chart 9. Chemical structure of IFE sensor 54.
titration was found 20 uM [169].

4.9. Fluorescence quenching mechanism

Quenching refers to any procedure that diminishes the intensity of
fluorescence in a sample. Excited-state processes, molecular rearrange-
ments, energy transfer, the formation of ground-state complexes, and
collision quenching are examples of molecular interactions that result in
quenching which generally occur with paramagnetic metal ions (Mn?*,
Fe3+, C02+, Ni?* and Cu2+) [170-172]. Bhaskar and Sarveswari in 2020
study on an efficient thiocarbohydrazide-based fluorescence sensor 60
for the selective detection of Hg?" in a semi-aqueous medium have been
successfully designed and synthesized. The interaction of 60 with Hg"
leads to a color change from colorless to yellow (Scheme 14). The
observed quenching in fluorescence intensity may be due to chelation-
enhanced fluorescence quenching (CHEQ) (61). The limit of detection
was found to be 1.26 nM with a wide pH range of 4-10. Its performance,

as a test strip and in the analysis of various water samples conferred its
superior selectivity [173].

4.10. Excimer/exciplex formation

Excimer or exciplex is a dimeric or heterodimeric species with a
small lifetime that can be generated in the excited state but dissociates in
the ground state. In general, the excimer is the excited homodimeric
species, whereas the exciplex is the heterodimer species. Excimers and
exciplexes can be synthesized in a variety of ways. An electrical
connection to one aromatic ring encourages interaction with its neigh-
bouring ring, resulting in either an excited dimer formed by the collision
of two similar fluorophore species or two different fluorophore species
[174]. Rani and John (2018) develop a Probe 62, a pyrene-based Schiff
vase, and shows sensing for Hg?* by excimer formation 63 for detection
(Scheme 15)[175].

4.11. Aggregation/Disaggregation

Aggregate is the creation of clusters of particles from single particles
as a result of their hydrophobicity and intermolecular van der Waals-like
attraction interactions, for the simple understanding shown by Fig. 7
[176]. The concept of “aggregation-caused signal change” is already
well known and frequently utilized as a foundation for optical probe and
sensor development. Disaggregation reverses aggregation, Self-assembly
is the process of assembling individual units of a substance into highly
arranged/ordered structures/patterns [177,178]. Here is an example of
aggregation and disaggregation by 64 in Fig. 7.

X. Zhang, Shen, et al. (2021) investigate AIEE fluorescence sensor 65
for Cu?" ion detection due to risen of LMCT. Probe 65 exhibited emis-
sion peaks at 565 nm (ex = 428 nm) in THF-H20 solution (Scheme 16),
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Scheme 13. Fluorescence turn-on sensor for Hg?"

16.4 nM is the detection limit for Cu?>* and stoichiometry of the binding
was 1: 2 and the binding constant was 1.22 x 103 M (66) [179].
Wen and Fan in 2016 studied how to prevent the quenching effect
caused by chemical aggregation. For molecular-based AIE characteris-
tics, active molecular rotation reduces fluorescence intensity in a diluted
solution by lowering intramolecular mobility, and the probe’s AIE ac-
tivity in the aggregate state increases fluorescence intensity. Fluores-
cence probes made of AIE materials, such as metal ion detectors,
biomolecule detectors, and pH and gas sensors, have been employed

ion detection via chelation enhanced fluorescence.
successfully in a variety of applications [180].
5. Various transition metal and heavy metal ion sensing
The following several sections describe the sensors for different

heavy metals and transition metals. There is detailed information on the
solvent used and the LOD is given in Table 2 (125-158).
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5.1. HZ" detection

Mercury ions (Hg?"), a serious poisonous hazard, have toxic effects
on humans and other living organisms Various methods have been re-
ported to detect Hg?" ions but suffer from limitations like the require-
ment of bulky and expensive equipment [181-183]. Several guidelines
for the molecular design of excellent Hg?" receptors, as well as the
optimal fluorophore/receptor pair settings for the building of high-
performance off/on Hg2+ fluorescence sensors, were proposed
[184,185]. A. Kim et al.(2020) develop DAP, a newly designed conju-
gated Schiff base-based chemosensor that displayed remarkable selec-
tivity for mercury ions by changing its colour from pale yellow (67) to
orange (68) (Scheme 17). The detection limit was 0.11 pM, which was
the second lowest recorded previously employing colorimetric mercury
sensors in a near-perfect aqueous medium. DAP measurement and
mercury ion detection in actual water samples were also performed
[186].

M. Muthusamy, et al.(2022) studied the new Schiff base probe-QT
69, which was created by combining 8-aminoquinoline and
thiophene-2-carboxaldehyde moieties (Scheme 18). When exposed to

63

Scheme 15. Illustration of excimer formation (63) by 62.
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Fig. 7. Illustration of assembly/disassembly by 64.
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Scheme 16. Sensing mechanism for Cu?* detection 66 by AIE, turn-off fluorescence.

Hg2+, QT experiences CHEQ due to coordination by the sulphur and
nitrogen atoms of QT, providing a simple “turn-off” sensor (69). The
detection limit was set at 23.4 nM, and a Job plot confirmed a 2:1
stoichiometry between QT and Hg?' (70), and its appropriateness for
usage in the field with environmental samples was examined using
Whatman filter paper strips [187].

Another cellulose-lysine Schiff-base-based sensor 71 adsorbent from
biowaste was designed by King 2008 to be an effective sensor and
adsorbent for the adsorption of Hg?" from its aqueous solutions (Chart
10). Hg*" sensing was studied from the lower limit of 10 ppm, and
adsorption was found to be effective at pH 5.0 and 50 °C with 150 ppm
Hg?" ion solution for 1 h. The sensor demonstrated a very high
maximum removal capacity and acceptable reusability up to 8 cycles,
indicating that these Schiff base materials are suitable choices. for Hg>*
ion detection and removal in water purification technologies [188].

Alzahrani et al. (2022) determine the concentration of Hg2+ ions in
the presence of the Schiff base ligand named HMBT(72), at pH 10 using
Briton Robinson Buffer. The method Obey Beer’s law in concentration
range 0.1-6 pg mL" ! of Hg with a limit of detection (LOD) 0 0.016 pgL’
! and limit of quantification (LOQ) 0.051 pg/L. The molar ratio ensured
the formation of a metal complex between HMBT and Hg ions was in the
molar ratio 2:1 (HMBT: Hg2+) [189]. Tumay and Yesilotin 2021 develop
novel pyrene and anthracene-based Schiff base derivatives (73, 74) that
were designed and prepared for selective “turn-on” fluorescence deter-
mination of Hg2+ ions in food and environmental samples. The paper-
based test kit was prepared with pyrene appended Schiff base which
could be applied successfully for monitoring Hg?" ions. The detection
limits of the presented methods were determined as 12.22 nM and 8.32
nM. 73 and 74 can sensitively and selectively detect Hg?* ions in real
samples via inhibition of PET processes after 1:1 complex formation
[190].

5.2. APY metal detection

APY is a metal that is unsafe for living things as well as the envi-
ronment. It has been linked to several serious conditions, including
osteoporosis and Alzheimer’s disease. [6]. Hence the development of
sensors to detect AI** jons is highly important, therefore Karak et al. in
2012 develop a novel pyrimidine-based A13* selective fluorescent probe
75. It has been synthesized by a facile one-step coupling of 4, 5-diamino
pyrimidine with 2-hydroxy naphthaldehyde. Upon binding AI**, the
single emission band of 75 undergoes a red shift from 470 nm to 505 nm
and 538 nm. 75 could detect as low as 2.9 x 107 M [191]. Wen and Fan
2016 studied simple Schiff-base derivative with salicylaldehyde moi-
eties as fluorescent probe 76 (76, Chart 11) by AIE characterization for
the detection of metal ions. The detection limit of AI** was 0.4 mM,

which is considerably lower than the WHO standard (7.41 mM), and the
acceptable level of AI** (1.85 mM) in drinking water. The job plot
indicated that the binding stoichiometry ratio of probe 1 to AI** was 1:2
[180]. Another Schiff-base MCAH (77, Chart 11) was synthesized by C.
J. Liu et al. (2015) which possesses dual PET processes, simultaneously
introduced by both nitrogen and sulphur donors. Upon binding AI** a
significant fluorescence enhancement with a turn-on ratio over 500-fold
was triggered. The detection limit of MCAH for AI** was 3.19 x 108 M
[192].

Immanuel David et al. (2020) investigated and observe a simple S—S
(disulfide)-bridged dimeric Schiff base probe for the specific recognition
of AI*" and Fe?' ions as fluorometric and colorimetric “turn-on” re-
sponses in a DMF-H»0 solvent mixture, respectively. By fluorescence
and UV-Vis spectroscopy techniques up to nanomolar detection limits,
38.26 x 10 and 17.54 x 10° M (Fig. 8), respectively. The practical
utility of the chemosensor was further demonstrated in electrochemical
sensing, antimicrobial activity, molecular logic gate function, and
quantification of the trace amount of AI®* and Fe?" ions in real water
samples [193] (See Chart 12)

5.3. Pb*" detection

Pb2t has significant physicochemical characteristics which have
been traced back to ancient times. Its significance cannot be overlooked,
although the neurotoxicity of lead and its adverse effects on almost
every organ in the body have long been known. Pb2* is non-
biodegradable and therefore persists in the environment [194,195].
Rout et al. 2019 develop fluorescence spectra of probe 78 revealing Cu?*
and Pb%" increment in the intensity of emission as a result of the PET
process being blocked along with the ICT process being strengthened.
fluorometric detection limits for Cu?* and Pb?* were observed at 12 x
107 M and 9 x 107 M in a pH span of 4.0-12.0 (Scheme 19) [196].

Jeong et al. (2005) generated PVC membrane electrodes for lead ions
using 81, and 82 as the membrane carrier. This electrode demonstrated
high selectivity and responsiveness for Pb2! in Pb (NO3), solutions at
room temperature, with a response (29.4 mV/decade) and a limit of
detection of log an (M) = 6.04. It has a speedy broad range of other metal
ions in pH 5.0 buffer solutions, as well as high repeatability of the
baseline in repeated measurements (Chart 13) [197].

5.4. Cr*" ion detection

Krishnan et al.(2022) develop a new diphenyl imidazole-based
fluorescent probe (83,84) bearing the 2-aminothiophenol moiety,
which is showing dual-sensing behavior for Hg?" and Cr3*ions in
CH3CN-H,0 solution(Chart 14). The addition of Hg?t and Cr®* ions
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Table 2
Another example of chalcogenated Schiff bases.
S. Sensor Solvent Mechanism Metal ions LOD Author name Ref
No.
1 OH Ethanol and PET Zn2tAlRt 23.9 Hsu and Chen 2018 [221]
HO DMSO nM-
HO.
N ()
AL
2 ACN)/water (v/ LMCT cu®*t 2.85 Aydin and Keles [222]
QN v21) pM 2020
N\
\ /
S N
\
3 Acetonitrile CHEF ce®* 34 Sadia et al. 2020 [223]
= .
m solution nM.
Na N
Y+
N.
Z " H
|
O -
4 Aqueous NIRLuminescent POZ and 2,4,6- - Xia Liu et al. 2020 [224]
solution Sensing trinitrophenol
—N N/
OH HO
OCH; H;CO
5 HO Aqueous ESIPT cu?t 4.9 Garcias-Morales [225]
HN \ solution pM et al. 2021
N =
6 AA-AR/ DMF Intra-ligand n-1* Hg*" 0.87 Cicekbilek et al. [73]
O charge transfer pM 2019
(0]
/
o O
/\N O o O '\{\
7 OH Ethanol-water LMCT Zn?* 27 [14]
cd** uM, Inal 2020
NZ Hg*" 75 uM
60 pM
8 NO, Ethanol CHEF AR 0.33 G. Dong, et al.., [226]
Fe3t uM 2018
0.36
pM

—N N=—
H3CdOH Hoi%j>—CH3

(continued on next page)
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Table 2 (continued)

S. Sensor Solvent Mechanism Metal ions LOD Author name Ref
No.
9 (\ m DMF/Water CH=N Isomerization cu®t - (ézdemir 2016 [227]
o) Co** -
o H H
O SO0 ]
K/OJ n LD
10 Aqueous Inhibition of PET and CO%’ 71.2 Jia and Zhao 2019 [228]
solution the ESIPTAIE-active Zn%t nM
O HO. 80 nM
Crs
11 CH30H/H,0 Selective colorimetric cu®*t 1.8 Manna et al. 2020 [229]
(1:1v/v,pH = detection uM
7.2)
(0]
NH NH
\
o N=—/
/ S
=
12 H Aqueous AIE Pb** 2.23 Rahimi, Amini, and ~ [230]
Solution uM Behmadi 2020
O H N— S —
Y »—=N
N— — \ /
S N H O
H
13 Wastewater Synergistic effect of cu?t — Y. Liu et al. 2019 [231]
hydrophobic, n—n
stacking, and
electrostatic
noncovalent
/N/</\,\?<\/ NX interactions
H %
OH OH
14 S Aqueous NIR AP+ - Pan et al. 2019 [48]
solution Fluorescence
NS
15 Br Aqueous CHEQ Hg** - Sarkar et al. 2020 [49]
solution
(\ N /\
O\) N
OH
16 Aqueous Colorimetric and Hg** 0.270 Tekuri, Sahoo, and [83]
medium fluorogenic pM Trivedi 2019
chemodosimeter
\r S
1
17 Aqueous Para-magnetic metal cu?t 263 A. Senthil Murugan [232]
( ﬁ medium couple Fe3t pM et al.., 2020
2nM

(continued on next page)
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Table 2 (continued)

S. Sensor Solvent Mechanism Metal ions LOD Author name Ref
No.
18 DMSO: H,0 (99: Inhibition of ESIPT AR 0.04 Al Anshori [233]
Cl 1, v/v) uM et al.0.2018
OH (pH 7-8)
HO
N =
ol ZZ2N
19 0 CH3CN/HEPES AIEE Ccu?* 3 pM He et al. 2019 [234]
(3: 2, v/v) buffer
(0] (0]
N N—NH N(Et),
% N
—N CH,4
20 0 Aqueous PET AL* 0.24 B. K. Kundu et al. [235]
solution Fe®* uM 2019
NH
N
N\ / _
N
21 H,0-DMSO Nucleophilic addition CN™ Poongodi et al. 2021 [236]
:1, v/v) of CN — onto imine C-  AP*
medium atom.
O,N N OH N :©/ NO,
OH HO
22 OH EDTA solution ICT process Cu®* 7.7 Goel et al. 2021 [237].
N nM
wed N N
(0] CH; \—/
[6)
23 Living cell CHEF/CHEQ B,O7 0.69 Pu et al. 2021 [238].
HO nM
HO /)
\
HO OH HO OH >
N—O O—N -
7 N/ N\ Y
24 HO Aqueous AIEE cu?* 16.4 X. Zhang, Shen, [179].
solution nM et al. 2021
N NS
X O N
OH
25 o DMF-H50 CHEF I3+ 8.05 Bing Li et al. 2021 [17]
\ / 9:1, v/v) Fe3* nM
o OH 25.9
:< N—NH S nM
ACN:H,0 (8:2, LMCT cd** 14.8 Mohanasundaram [239]
v/ V) nM et al. 2021

26
N UNO N
N AN
/
OH

(continued on next page)


http://S.No
http://S.No

P. Kaswan

Table 2 (continued)

S. Sensor Solvent Mechanism Metal ions LOD Author name Ref
No.
27 MeOH:H,0 (v/ CHEF and (ICT) Co?* 91 nM Bartwal, Aggarwal, [240]
/ v = 1:1, HEPES and Khurana 2020
_N buffer, pH =
N 7.2)
o N=N 7\
—N
OH
28 MeOH:H20 (v/ CHEF and ICT AR 10 nM Bartwal, Aggarwal, [240]
v = 1:1, HEPES and Khurana 2020
buffer, pH =
O HO 7.2)
/N
/
N
—N 4
4 N
N
\ 7
29 Aqueous IC Hg** 0.11 A. Kim, Kim, and [186]
solution pM Kim 2020
ON BN
N
H
30 Ethanol-water FRET Hg?* W. Zhang etal. 2021 [241]
solution (8:2, v/
v, 20 mM
HEPES,pH 7.0
OH
0
NH
N/ Q
\\/\
\ N—N
Et,N O I NEt,
31 MeCN-Tris (v/v, CHEF Fe* and F~ Bai Li et al. 2021 [242]
2:1,10 mM
32 Methanol/H,0 LMCT Fe*t S. Q. Makki, 2020 [243]
(19:1)
33 Aqueous media CHEF Fe®* 0.8 N. H. Kim et al. 2019 [244]
ppb

(continued on next page)
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Table 2 (continued)

S. Sensor Solvent Mechanism Metal ions LOD Author name Ref
No.
34 o) Buffered IC/ET Fe3* Bricks et al. 2005 [245]
aqueous
= q .
solutions
) s
T -
N &
S\)
SR
0s. .0
N
| /N\O\/\/ {
O
0 0 NN AN S
([ +
N N —) &
0 N PPN
O\ /
NH II\I/
67
68
Ny
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Scheme 17. DAP showed strong selectivity for mercury ions.

69

70

Scheme 18. . Binding mechanism of 8-aminoquinoline thiophene-2-carboxaldehyde.

N 71

Chart 10. Cellulose lysine Schiff-base-based sensor.
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Chart 11. Sensor for mercury detection.
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Fig. 8. Specific recognition of AI**

ACS, copyright).

showed a 59 nm blue shift in fluorescence emission (from 494 to 435
nm). The analytical limit of detection was estimated to be 6 nM for Hg"
and 1.96 nM for Cr®*, respectively. The detection of Hg>" and Cr®* due
to ion-induced complex formation with imine nitrogen (-CH=N)). for-
mation and the binding mode was proposed as 1:1 stoichiometric be-
tween Hg2+/Cr34r ions [11].

Ganjali et al. (2006) get a view of the tendency of SNN-85, toward
chromium and some other metal ions, theoretical calculations and
conductance studies were carried out. Sensor 85 shows a linear dynamic
range of 1.0 x 107 to 1.0 x 10~! M with high selectivities for the vast
majority of the key metal ions. It was also successful in identifying Cr>*
in chrome electroplating and leather effluent. The sensor was also used
to count the chromium ions in the effluent of chromate production
[198]. Another sensor 86 also shows sensing for Cr®* as shown in Chart
15.

Fluorogenic
TURN-ON

and Fe®* ions as fluorometric and colorimetric “turn-on” responses (Figure is reproduced by the permission taken from

Musikavanhu, Zhang, et al.(2022) observed a Schiff base NHT, 87
containing SNO donor set confirmed that the probe underwent a turn-off
response via the CHEF quenching effect upon exposure to Cr°* and the
NHT-Cr®" complex 88 was formed at a 1:1 binding stoichiometry
(Scheme 20). NHT exhibited a fast response rate of 2.3 min in buffer
solution and a relatively low limit of detection of 41 nM. In addition, the
Schiff base chemosensor exhibited excellent selectivity with high affin-
ity towards Cr®" in the presence of other competing cations. Bioimaging
of the probe in PC3 cells further demonstrated the potential real-life
application of the probe in detecting Cr3* [199].

Reimann et al. (2019) studied that when the metal ion coordinates
with the ligand in a 1:1 ratio, the fluorescence is quenched. The selec-
tivity of metal ions Cu?t (89), Ni%* (90), Cr* (91), and Co?' (92) is
exhibited via fluorescence quenching accompanied by colorimetric
changes, whereas that of Ag™ and Co?" is observed through colorimetric
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Chart 12. Selected examples of AI** sensors with binding sites.
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Chart 13. Schiff base sensor of lead.

changes alone. Additionally, pH sensing studies were performed for the

5.5. Cadmium ion detection
potential use of these ligands in biological applications (Chart 16) [51].

Cadmium is a deadly non-essential heavy metal that is detrimental to
human beings as well as animals. It comes from industrial and
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Chart 14. Diphenyl imidazole-based fluorescent probe bearing the 2-aminothiophenol moiety.
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Chart 15. Cr®'sensors.
Chart 16. Multimetallic ion sensor.
agricultural sources and is a naturally occurring contaminant in nature.
The most typical way to receive cadmium is via ingesting contaminated
food and drink, however, it can also be absorbed by inhalation and

cigarette smoking. Both plants and animals over time collect cadmium OH
[200-203]. Schiff base, MPMNP 93 (Chart 17) as a capping agent used
as N, O-donor ligand with ZnS NPs act as selective probe detection of
Fe3t, cr?t and Cd?* ions fluorometrically, and the emission band dis- \
appears in the presence of increasing concentrations of Fe3*, Cr?*> and
Cd?* ions. A simple co-precipitation method to fabricate and stabilize N O
ZnS NPs. The ZnS NPs exhibited good fluorescence quenching selectivity \
to Fe>t, Cr?" and Cd?" ions in the range of 10-500 uM. The LOD was 02N
estimated to be 10.24 uM, 31.48 pM, and 64.56 uM for Fe*t, Cr** and 93
Cd%", respectively [204,205].

The Schiff base of the pyrene-SNS system (94-97), a multimetallic Chart 17. Sensor for Fe>*, Cr** and Cd®" ions.

sensor has been investigated as a fluorescence probe for the detection of
metal ions (Chart 18). It has been found that this probe is suitable for the

2+
sensing of metal ions such as Cu®**, Zn?*, Cd?" and Fe3™. 94- Cu
95- Zn?*
5.6. Fe?* and Fe*" ions "
96- Cd**
G. Chen et al. in 2019 studied the effective design and synthesis of
two stable crystalline 2,5-dihydroxyterephthalaldehyde, 2,5-dimethox- 97- Fe3*

yterephthalaldehyde, or benzene-1,3,5-tricarbohydrazide-linked cova-
lent organic frameworks with functional O, N, O. It’s noteworthy to note
that the Fe(III) ion in an aqueous solution may be detected by the Bth- Chart 18. Sensing of metal ions such as Cu?*, Zn?*, Cd**, and Fe3*.

3+
ON —) = OFF

87 CHEQ 88

Scheme 20. Schiff base NHT containing SNO donor set.
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Chart 19. Detection of iron and its binding mechanism.

Dma molecule 98 with exceptional selectivity and sensitivity as a turn-
off fluorescence sensor(99) as presented in Fig. 9 [46].

Santhosh Kumar et al. synthesized a naphthalene pyridine Schiff base
chemosensor 100 for the detection of Fe>* ions in a CH3CN-H,0 solution
(Chart 19). The sensor showed high selectivity and sensitivity towards
Fe?" ions in aqueous media (101) with a lower detection limit of 1.5 x
10”7 M. fluorescence “turn-on” recognition follows the ICT process and
C—=N isomerization. Moreover, the determination of Fe?* in a variety of
samples was analyzed including commercially available tablets, tomato
juice, dark chocolate, and tap water [206].

Zhu et al. (2019) investigated a new and tri-responsive fluorescent
Schiff base probe (DBAB) 102 that has been designed and developed for
the recognition of Fe3*, Fe?*, and Cu?" simultaneously (103-105). This
sensor displays a favorable selectivity for Fe>*, Fe?*, and Cu®" ions over
a range of other common metal cations in DMF solution, leading to

prominent fluorescence on-off. The detection limits were 2.17 x 10 M
for Fe3*, 2.06 x 10° M for Fe?*, and 2.48 x 10 M for Cu?* respec-
tively. The recognition mechanism of DBAB toward Fe*', Fe?*, and
Cu®" has been investigated in detail by Job plot measurements (Scheme
21) [71].

5.7. Cobalt ion detection

Gurusamy, S et al. found that NNO 70 had a preferential colorimetric
reaction toward Co%" (108) and Ccu®t (107) cations that could be seen
with the naked eye. Their binding mechanism is shown in Scheme 22.
Furthermore, at a detection limit of 1.92 M, the NNP demonstrated
selectivity for F" over other anions in the THF solution. The NNP ligand
was also shown to be related to DNA from the calf thymus (CT-DNA)
[207].

5.8. Zinc detection

P. Saluja et al. created an imine-based benzimidazole chemosensor
capable of chromogenic detection of Mg?* and fluorescence recognition
of Cr®*. It may also be used to detect Mg?" via UV-vis absorption
spectroscopy and DFT calculations. The sensor may be used to stretch
microbe cells without breaking them [208]. Anbu, S. et al. build a novel
benzimidazole-based Schiff base type fluorogenic chemosensor (DFB)
73 that detects Cu?" (LOD = 24.4 0.5 nM) (75) and Zn®* (LOD = 2.18
0.1 nM) (74) in a fluorescence “off-on” way which given by Scheme 23
[209].

A new photochromic diarylethene was produced by C. Zhang et al.
(2015) by combining thiocarbamide as a functional group and per-
fluordiarylethene as a photoswitching trigger through a salicylidene
Schiff base linkage. When triggered by base/acid, light, and metal ions,
diarylethene might be used as a multi-controllable fluorescence switch.
Furthermore, the diarylethene’s obvious fluorescence change in aceto-
nitrile from light blue to bright yellow indicated its strong Zn2+ ion
selectivity [55].

5.9. Cu ion sensing

Transition metal ions, such as Cu?", are harmful to living organisms
even in tiny concentrations. Sidana, Devi, and Kaur et al. (2022) found a
Sensor 113 is remarkably selective for the sensing of Cu?* and Hg?" ions
and shows colorimetric changes with a stoichiometric ratio of the probe
with Cu?* and Hg?" ions was found to be 2:1. The limit of detection for
Cu®" was observed to be 50 nM. Solid substrates such as test strips were
developed for field usefulness to provide rapid, reliable, user-friendly,
and real-time sensing of both Ccu®** and Hg2+ ions(Chart 20) [210].
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Scheme 22. Colorimetric reaction toward Co®" (108) and Cu®" (107) cations by 106.

Shakir and Abbasi 2017 develop an isatin-based Schiff base sensor,
114 exhibited a fluorescence turn-off response to Cu?' in DMSO:
methanol solvent mixture which was further used to detect S with
fluorescence turn-on response (Chart 21). On changing the solvent
mixture from DMSO + methanol to DMSO + water reversal of fluores-
cence behavior was observed for Cu?>" and $%". Also, the in-situ formed L-
Cu?" ensemble showed a colorimetric response to S? at a high con-
centration of sulphide ions in both solvent mixtures. Sensor, 114 was
successfully applied to recognize Cu?>* and S?* in human blood serum
with micro molar detection limits [211].

Cu®" detection turn-off sensors which are AIE-active sensors 79, 80
as shown in Chart 22. They emitted strongly at 484 nm in a solvent THF-
H,0 combination. When Cu?* was added to the solution, the fluores-
cence intensity decreased significantly, which was ascribed to MLCT
between Cu®* and Probe 115 and 116, which may be the result of the
CHEQ effect [212,213].

Another few examples of copper ion sensors 117-120 are shown
below in Chart 23 [214].

5.10. Au®* probe

Gold is used in pharmaceutical formulations to treat disorders
including cancer, TB, and arthritis. Gold ions have the potential to cause

cell toxicity in living things due to their strong affinity for biomolecules
like DNA and enzymes. Furthermore, the liver, kidneys, and peripheral
nervous system can also be impacted by gold ions [215,216]. S. Mondal
et al. designed and synthesized a chromogenic and “off-on” fluorogenic
chemodosimeter based on a naphthalene-rhodamine B derivative 121
that demonstrated a 696-fold “turn-on” fluorescence signal amplifica-
tion toward Au>" ions, with an Au®" detection limit of approximately
1.51 pM and a color shift from colorless to pink visible with the naked
eye due to the Au®" ions (Chart 24) [217].

5.11. Silver ion detection

Silver ion is one of the most poisonous heavy metals, after mercury in
terms of toxicity, and has thus been assigned the highest toxicity rating,
with cadmium, chromium, copper, and mercury [218,219]. Bhasin et al.
(2017) develop a colorimetric and fluorometric dual-channel non-
sulphur chemosensor based on an easy-to-prepare double naphthalene
Schiff base is described (122), and its synthesis procedure is shown in
Scheme 24. The twisted intramolecular charge transfer (TICT) technique
was used to detect Hg?" ions. Furthermore, because the complex 122-
Hg?* is a potentially recyclable component in sensing materials, it
might be employed as a bright sensor for iodine anions. Notably, there
are considerable color shifts, and all of the identification and recycling
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processes are apparent to the naked eye [220]. Another sulphur-
containing macrocycle 122 for silver sensing is observed (Chart 25)
[214].

5.12. Another metal-Yttrium

As a membrane-active component, a novel Schiff’s base containing
sulphur and nitrogen donor atoms DSAB, 124 was employed to construct
a Y>* selective polymeric membrane microelectrode (Chart 26). The
electrode displays a Nernstian response to Y3* ions, with a detection
limit of 7.0 10® M (6.2 g/mL) with a quick reaction time of 5 s. The
suggested microsensor was also utilized to determine yttrium in a
sample of yttrium-aluminum alloy [214].

6. Advantages

Chalcogen-based sensors are capable of a wide range of functions,
particularly in biological systems, since they possess many important
characteristics. One of the most prominent properties of compounds
containing selenium and tellurium is their ease of oxidation, which re-
sults in the production of chalcogenides and chalcogenoxide, which is
helpful for metal ion detection.

@ﬂjr@

@101@

QiQIQ

X = CH;OH, H,0

Chart 21. An isatin-based Schiff base sensor a fluorescence turn-off response
to Cu**.

1. Tellurium has the unusual ability to quickly insert into and withdraw
from organic molecular scaffolds. Metal/oxidant selectivity is closely
related to several structural factors, such as preferred donor atoms,
ligand field geometries, hard-soft acid-base ratios, and chemical
redox properties.



P. Kaswan

9. Q
N HO
N
Ph\<\’/ ‘ \_/
HN—N
o

H;CO

115 116

Chart 22. Chemical structure of triazole-based Schiff base sensors 115
and 116.

2. Due to their stability, simplicity in preparation, structural flexibility,
and wide range of coordinating abilities, chalcogenated Schiff bases
play a significant role in coordination chemistry, and their coordi-
nation complexes have a wide range of applications.

3. The detection technique used offers many benefits, including con-
venience of use, quick detection, minimal ligand consumption, and
high sensitivity.

4. Donor ligand-containing Se/Te electrode-based sensor for diverse
metals. These are used for producing electrical signals for various
metals and identification.

7. Disadvantages

The major issue is their low stability, especially probes containing
organo-tellurium residues.

1. In an aqueous medium, the fundamental constraints of as-developed
Schiff base sensors are instability and poor water solubility.

2. A strong odour of tellurium/selenium/sulphur compounds.

3. The harmful impact on the health of these chalcogen-containing
donor ligands has been demonstrated in several instances.

4. Because most Schiff bases are yellow-colored ligands, they are
difficult to identify.

5. It is required special and complicated conditions to manufacture Se/
Te-containing ligands.

8. Future prospective

The addition of Se/Te to the various ring diameters of the Schiff base
macrocycle has resulted in novel coordination chemistry as well as rich

H,C
H3C>_2:O
/ (0]
/2R
NH N
0 ‘g—</
H,C CH,
X 117

O B N/V\/
HO

119

Y,
oY
NN 121

J L e

Chart 24. Rhodamine-based Schiff base sensor 85.

structural chemistry. By varying the kind, number, and arrangement of
ligand donors, as well as ligand conjugation, substitution, and flexibility,
novel macrocycles can be created. Many fresh and intriguing avenues
must yet be explored. Larger ring-size macrocycles, for example, may be
very helpful for the coordination of big cations such as lanthanides and
actinides and may be good for the removal of these ions from radioactive
and non-radioactive wastes, which is quite intriguing in terms of
protection.

1. The donor ligand oxygen and sulphur is frequently explored, but
relatively few ligands of selenium and tellurium donor atoms are
investigated. A unique donor set with selenium and tellurium may be
created and used for metal ion sensing.

2. Chelation efficiently binds bidentate and tridentate ligands to other
metal ions. Many phenolphthalein, anthracene, and pyrene-based
ligands have been investigated and can be yielded interesting results.

3. Schiff bases’ distinctive complexing ability makes them very selec-
tive and sensitive in detecting numerous targets in nature itself along
with various metals [246,247]

4. There is still a pressing need to examine the optical sensing qualities
of previously manufactured Schiff base metal complexes, as well as
to develop new ones with superior sensing properties.

5. Online detection is a challenging topic that requires attention among
the many detection options. To do this, chemosensor-equipped
electronic probes might be created, and the signals would then be
connected to the internet to allow for real-time online mapping of
various environmental samples.

9. Conclusions

Schiff-based chemosensors are used in multi-metal ion sensors,
sequential ion sensors, optoelectronic systems, etc. Schiff bases utilized
as chelating agents can be used to detect and sense various ions utilizing

several analytical procedures. Through the use of fluorescence turn-on
or turn-off procedures visible to the naked eye or under UV light, toxic

N7 I
I
H,C.__N N,

HO H;C

118

N

120

Chart 23. Examples of Cu®" sensor.
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Chart 26. Schiff’s base containing sulphur and nitrogen donor atoms DSAB.

metals, and ions may be quickly recognized after complexation with
Schiff base ligands. Nevertheless, it is becoming more and more
important to research the optical sensing properties of already discov-
ered Schiff base metal complexes and to create new ones with improved
sensing capabilities. As a result, rapid deployment of efficient control
measures would be possible. This will help in the early detection of
pollution and related issues. Metal ions and the Schiff base ligand
formed a connection on their own. Despite the numerous difficulties in
experimental investigation and practical application, Schiff bases and
their metal ion complexes are exploited by researchers for synthetic
applications due to their outstanding performance in metal ion detec-
tion. It is anticipated that Schiff base detectors will soon be utilised as
needed and be commercially available in strip and tablet form by
combining the aforementioned elements into sensor design and
application-focused research.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

No data was used for the research described in the article.

[1]

[2]

[3]

[4]

[5]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

References

K. C. Gupta and A. K. Sutar, Catalytic activities of Schiff base transition metal
complexes, 252 (2008) 1420-1450, 10.1016/j.ccr.2007.09.005.

M. Cleiton, L. Daniel, L. V Modolo, R. B. Alves, M. A. De Resende, C. V. B. Martins,
Schiff bases : A short review of their antimicrobial activities, (2011) 1-8,
10.1016/j.jare.2010.05.004.

S. Kumar, D. N. Dhar, P. N. Saxena, Applications of metal complexes of Schiff
bases-A review, 68 (2009) 181-187.

L. Wang, L. Yang, L. Huang, D. Cao, Diketopyrrolopyrrole-derived Schiff base as
colorimetric and fluoromertic probe for sequential detection of HSO4- and Fe3+
with ‘off-on-off” response, Sens. Actuators B 209 (2015) 536-544, https://doi.
org/10.1016/j.snb.2014.12.012.

H. Guo, J. Lin, L. Zheng, F. Yang, An effective fluorescent sensor for CIO— in
aqueous media based on thiophene-cyanostilbene Schiff-base, Spectrochim. Acta
- Part A: Mol. Biomol. Spectrosc. 256 (2021), 119744, https://doi.org/10.1016/j.
saa.2021.119744.

P.O. Ganrot, Metabolism and possible health effects of aluminum, Environ.
Health Perspect. 65 (1) (1986) 363-441, https://doi.org/10.1289/ehp.8665363.
N. R. Bader, Applications of Schiff’s bases chelates in quantitative analysis: A
Review Nabil Ramadan Bader, 3(4) (2010) 660-670.

A.M.S. Hossain, J.M. Méndez-Arriaga, C. Xia, J. Xie, S. Gomez-Ruiz, Metal
complexes with ONS donor Schiff bases. A review, Polyhedron 217 (2022),
115692, https://doi.org/10.1016/j.poly.2022.115692.

N.P. Ebosie, M.O.C. Ogwuegbu, G.O. Onyedika, F.C. Onwumere, Biological and
Analytical Applications of Schiff Base Metal Complexes Derived From
Salicylidene-4-Aminoantipyrine and its Derivatives: A Review vol. 18, no. 12
(2021), https://doi.org/10.1007/s13738-021-02265-1.

A. Hameed, M. al-Rashida, M. Uroos, S. Abid Ali, K.M. Khan, Schiff bases in
medicinal chemistry: a patent review (2010-2015), Expert Opin. Ther. Pat. 27 (1)
(2017) 63-79, https://doi.org/10.1080/13543776.2017.1252752.

U. Krishnan, S. Kulathu Iyer, Iminothiophenol Schiff base-based fluorescent probe
for dual detection of Hg2+ and Cr3+ ions and its application in real sample
analysis, J. Photochem. Photobiol. A: Chem., 425 (2022) 113663, 10.1016/j.
jphotochem.2021.113663.

Y.Y. Huang, et al., Highly selective and sensitive chemosensor for Al(III) based on
isoquinoline Schiff base, Spectrochim. Acta - Part A: Mol. Biomol. Spectrosc. 243
(2020), https://doi.org/10.1016/j.saa.2020.118754.

O. Alici and D. Aydin, A Schiff-base receptor based on phenolphthalein derivate
appended 2-furoic hydrazide: Highly sensitive fluorogenic ‘turn on’ chemosensor
for Al3+, J. Photochem. Photobiol. A: Chem., 404(2020) (2021)112876, 10.1016/j.
jphotochem.2020.112876.

E.K. Inal, A fluorescent chemosensor based on schiff base for the determination of
Zn2+, Cd2+and Hg2+, J. Fluoresc. 30 (4) (2020) 891-900, https://doi.org/
10.1007/s10895-020-02563-6.

Y. Ding, C. Zhao, A highly selective fluorescent sensor for detection of trivalent
metal ions based on a simple Schiff-base, Quimica Nova, 41(6) (2018) 623-627,
10.21577/0100-4042.20170229.

D. Ayodhya, G. Veerabhadram, Fabrication of Schiff base coordinated ZnS
nanoparticles for enhanced photocatalytic degradation of chlorpyrifos pesticide
and detection of heavy metal ions, J. Materiomics 5 (3) (2019) 446-454, https://
doi.org/10.1016/j.jmat.2019.02.002.

B. Li, et al., A Schiff base sensor for relay monitoring of In3+and Fe3+through
‘off-on-off” fluorescent signals, New J. Chem. 45 (15) (2021) 6753-6759, https://
doi.org/10.1039/d1nj00929j.

X. Tang, et al., A multifunctional Schiff base as a fluorescence sensor for Fe3 +
and Zn2 + ions, and a colorimetric sensor for Cu2 + and applications,
Spectrochim. Acta - Part A: Mol. Biomol. Spectrosc. 173 (2017) 721-726, https://
doi.org/10.1016/j.saa.2016.10.028.

X. Wang, et al., A highly selective and sensitive Schiff-base based turn-on optical
sensor for Cu2 + in aqueous medium and acetonitrile, Inorg. Chem. Commun. 79
(2017) 50-54, https://doi.org/10.1016/j.inoche.2017.03.006.

B. Arvas, et al., A new coumarin based Schiff base fluorescence probe for zinc ion,
Tetrahedron 88 (2021), 132127, https://doi.org/10.1016/j.tet.2021.132127.


https://doi.org/10.1016/j.snb.2014.12.012
https://doi.org/10.1016/j.snb.2014.12.012
https://doi.org/10.1016/j.saa.2021.119744
https://doi.org/10.1016/j.saa.2021.119744
https://doi.org/10.1289/ehp.8665363
https://doi.org/10.1016/j.poly.2022.115692
https://doi.org/10.1007/s13738-021-02265-1
https://doi.org/10.1080/13543776.2017.1252752
https://doi.org/10.1016/j.saa.2020.118754
https://doi.org/10.1007/s10895-020-02563-6
https://doi.org/10.1007/s10895-020-02563-6
https://doi.org/10.1016/j.jmat.2019.02.002
https://doi.org/10.1016/j.jmat.2019.02.002
https://doi.org/10.1039/d1nj00929j
https://doi.org/10.1039/d1nj00929j
https://doi.org/10.1016/j.saa.2016.10.028
https://doi.org/10.1016/j.saa.2016.10.028
https://doi.org/10.1016/j.inoche.2017.03.006
https://doi.org/10.1016/j.tet.2021.132127

P. Kaswan

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

R. Southworth, et al., Opportunities and Challenges for Metal Chemistry in
Molecular Imaging: From Gamma Camera Imaging to PET and Multimodality
Imaging vol. 68 (2016), https://doi.org/10.1016/bs.adioch.2015.09.001.

S. Lee, H. Jang, J. Lee, S.H. Jeon, Y. Sohn, C.S. Ra, Selective and sensitive
morpholine-type rhodamine B-based colorimetric and fluorescent chemosensor
for Fe(IIl) and Fe(Il), Sens. Actuators B 248 (lii) (2017) 646-656, https://doi.org/
10.1016/j.snb.2017.04.046.

F. Nouri Moghadam, M. Amirnasr, S. Meghdadi, K. Eskandari, A. Buchholz,

W. Plass, A new fluorene derived Schiff-base as a dual selective fluorescent probe
for Cu2+ and CN— vol. 207 (2019), https://doi.org/10.1016/j.saa.2018.08.058.
R. Azadbakht, M. Koolivand, S. Menati, Salicylimine-based fluorescent
chemosensor for magnesium ions in aqueous solution, Inorg. Chim. Acta, 514
(2020) (2021) 120021, 10.1016/j.ica.2020.120021.

D. Nartop, N.K. Yetim, E.H. Ozkan, N. Sar1, Enzyme immobilization on polymeric
microspheres containing Schiff base for detection of organophosphate and
carbamate insecticides, J. Mol. Struct. 1200 (2020), https://doi.org/10.1016/j.
molstruc.2019.127039.

N. Ndebele, T. Nyokong, The electrocatalytic detection of nitrite using manganese
Schiff base phthalocyanine complexes, Electrocatalysis 13 (5) (2022) 663-674,
https://doi.org/10.1007/512678-022-00752-4.

A.T. Aron, K.M. Ramos-Torres, J.A. Cotruvo, C.J. Chang, Recognition- and
reactivity-based fluorescent probes for studying transition metal signaling in
living systems, Acc. Chem. Res. 48 (8) (2015) 2434-2442, https://doi.org/
10.1021/acs.accounts.5b00221.

P. Braunstein, A.A. Danopoulos, Transition metal chain complexes supported by
soft donor assembling ligands, Chem. Rev. 121 (13) (2021) 7346-7397, https://
doi.org/10.1021/acs.chemrev.0c01197.

AM. Hamisu, A. Ariffin, A.C. Wibowo, Cation exchange in metal-organic
frameworks (MOFs): The hard-soft acid-base (HSAB) principle appraisal, Inorg.
Chim. Acta 511 (2020), 119801, https://doi.org/10.1016/j.ica.2020.119801.

E. Moumen, A.H. Assen, K. Adil, Y. Belmabkhout, Versatility vs stability. Are the
assets of metal-organic frameworks deployable in aqueous acidic and basic
media? Coord. Chem. Rev. 443 (2021), 214020 https://doi.org/10.1016/j.
ccr.2021.214020.

C. Bleiholder, D.B. Werz, H. Képpel, R. Gleiter, Theoretical investigations on
chalcogen-chalcogen interactions: What makes these nonbonded interactions
bonding? J. Am. Chem. Soc. 128 (8) (2006) 2666-2674, https://doi.org/
10.1021/ja056827g.

S. Ahrland, J. Chatt, N.R. Davies, The relative affinities of ligand atoms for
acceptor molecules and ions, Q. Rev. Chem. Soc. 12 (3) (1958) 265-276, https://
doi.org/10.1039/QR9581200265.

R.S. Mulliken, Molecular compounds and their spectra. III. The interaction of
electron donors and acceptors, J. Phys. Chem. 56 (7) (1952) 801-822, https://
doi.org/10.1021/j150499a001.

X. Zhang, et al., Dynamic coordination between a triphenylamine-functionalized
salicylaldehyde Schiff base and a copper(Il) ion, Inorg. Chem. 60 (12) (2021)
8581-8591, https://doi.org/10.1021/acs.inorgchem.1c00523.

M. A. Ashraf, K. Mahmood, A. Wajid, Synthesis, characterization and biological
activity of Schiff Bases, no. October 2014, (2011).

X. Liu, J. Hamon, Recent developments in penta-, hexa- and heptadentate Schiff
base ligands and their metal complexes, Coord. Chem. Rev. 389 (2019) 94-118,
https://doi.org/10.1016/j.ccr.2019.03.010.

A.M. Hassan, A. Osman Said, Importance of the applicability of O-vanillin Schiff
base complexes: Review, Adv. J. Chem.-Sect. A 4 (2) (2021) 87-103.

P. Wonner, A. Dreger, L. Vogel, E. Engelage, S.M. Huber, Chalcogen bonding
catalysis of a nitro-Michael reaction, Angew. Chem. — Int. Ed. 58 (47) (2019)
16923-16927, https://doi.org/10.1002/anie.201910639.

W. Wang, et al., Chalcogen-chalcogen bonding catalysis enables assembly of
discrete molecules, J. Am. Chem. Soc. 141 (23) (2019) 9175-9179, https://doi.
org/10.1021/jacs.9b03806.

W. Yan, M. Zheng, C. Xu, F.E. Chen, Harnessing noncovalent interaction of
chalcogen bond in organocatalysis: From the catalyst point of view, Green Synth.
Catal. 2 (4) (2021) 329-336, https://doi.org/10.1016/j.gresc.2021.08.002.

R. Weiss, E. Aubert, P. Pale, V. Mamane, Chalcogen-bonding catalysis with
telluronium cations, Angew. Chem. 133 (35) (2021) 19430-19435, https://doi.
org/10.1002/ange.202105482.

P. Wonner, L. Vogel, F. Kniep, S.M. Huber, Catalytic carbon-chlorine bond
activation by selenium-based chalcogen bond donors, Chem. A Eur. J. 23 (67)
(2017) 16972-16975, https://doi.org/10.1002/chem.201704502.

K. Strakova, L. Assies, A. Goujon, F. Piazzolla, H.V. Humeniuk, S. Matile,
Dithienothiophenes at work: access to mechanosensitive fluorescent probes,
chalcogen-bonding catalysis, and beyond, Chem. Rev. 119 (19) (2019)
10977-11005, https://doi.org/10.1021/acs.chemrev.9b00279.

S. Kolb, G.A. Oliver, D.B. Werz, Chemistry evolves, terms evolve, but phenomena
do not evolve: from chalcogen-chalcogen interactions to chalcogen bonding,
Angew. Chem. — Int. Ed. 59 (50) (2020) 2230622310, https://doi.org/10.1002/
anie.202007314.

S. Mecklenburg, et al., Exploring synthetic avenues for the effective synthesis of
selenium- and tellurium-containing multifunctional redox agents, Org. Biomol.
Chem. 7 (22) (2009) 4753-4762, https://doi.org/10.1039/b907831b.

G. Chen, et al., Stable hydrazone-linked covalent organic frameworks containing
0, N, O'-chelating sites for Fe(III) detection in water, ACS Appl. Mater. Interfaces
11 (13) (2019) 12830-12837, https://doi.org/10.1021/acsami.9b02640.

H. Liu, S. Ding, Q. Lu, Y. Jian, G. Wei, Z. Yuan, A versatile schiff base
chemosensor for the determination of trace Co2+, Ni2+, Cu2+, and Zn2+ in the

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]
[69]

[70]

[71]

[72]

water and its bioimaging applications, ACS Omega 7 (9) (2022) 7585-7594,
https://doi.org/10.1021/acsomega.1c05960.

X. Pan, J. Jiang, J. Li, W. Wu, J. Zhang, Theoretical design of near-infrared Al3+
fluorescent probes based on salicylaldehyde acylhydrazone Schiff base
derivatives, Inorg. Chem. 58 (19) (2019) 12618-12627, https://doi.org/
10.1021/acs.inorgchem.9b01335.

A. Sarkar, et al., A chemodosimetric approach for fluorimetric detection of Hg2+
ions by trinuclear Zn(II)/Cd(II) Schiff base complex: first case of intermediate
trapping in a chemodosimetric approach, Inorg. Chem. 59 (13) (2020)
9014-9028, https://doi.org/10.1021/acs.inorgchem.0c00857.

C. Immanuel David, et al., Experimental and theoretical Studies on a Simple S-S-
bridged dimeric Schiff base: selective chromo-fluorogenic chemosensor for
nanomolar detection of Fe2+ & Al3+ ions and its varied applications, ACS Omega
(2020), https://doi.org/10.1021/acsomega.9b04294.

M.J. Reimann, D.R. Salmon, J.T. Horton, E.C. Gier, L.R. Jefferies, Water-soluble
sulfonate Schiff-base ligands as fluorescent detectors for metal ions in drinking
water and biological systems, ACS Omega 4 (2) (2019) 2874-2882, https://doi.
org/10.1021/acsomega.8b02750.

H.M. Junaid, et al., Fluorenone-based fluorescent and colorimetric sensors for
selective detection of I-ions: applications in HeLa Cell imaging and logic gate,
ACS Omega 7 (11) (2022) 9730-9742, https://doi.org/10.1021/
acsomega.1c07279.

G. Tamil Selvan, C. Varadaraju, R. Tamil Selvan, .V.M.V. Enoch, P. Mosae
Selvakumar, On/off fluorescent chemosensor for selective detection of divalent
iron and copper ions: molecular logic operation and protein binding, ACS Omega
3 (7) (2018) 7985-7992, https://doi.org/10.1021/acsomega.8b00748.

M.A. Treto-Sudrez, Y. Hidalgo-Rosa, E. Schott, X. Zarate, D. Pdez-Hernandez,
Understanding the selective-sensing mechanism of Al3+ cation by a chemical
sensor based on Schiff base: a theoretical approach, J. Phys. Chem. A 123 (32)
(2019) 6970-6977, https://doi.org/10.1021/acs.jpca.9b03366.

C. Zhang, S. Pu, Z. Sun, C. Fan, G. Liu, Highly sensitive and selective fluorescent
sensor for zinc ion based on a new diarylethene with a thiocarbamide unit,

J. Phys. Chem. B 119 (13) (2015) 4673-4682, https://doi.org/10.1021/acs.
jpcb.5b01390.

MD Mashabela, P Masamba, AP Kappo, Applications of Metabolomics for the
Elucidation of Abiotic Stress Tolerance in Plants: A Special Focus on Osmotic
Stress and Heavy Metal Toxicity. Plants 12 (2) (2023) 269.

M. Balali-Mood, K. Naseri, Z. Tahergorabi, M.R. Khazdair, M. Sadeghi, Toxic
mechanisms of five heavy metals: mercury, lead, chromium, cadmium, and
arsenic, Front. Pharmacol. 12 (April) (2021) 1-19, https://doi.org/10.3389/
fphar.2021.643972.

B. Nowicka, Heavy metal-induced stress in eukaryotic algae—mechanisms of
heavy metal toxicity and tolerance with particular emphasis on oxidative stress in
exposed cells and the role of antioxidant response, Environ. Sci. Pollut. Res. 29
(12) (2022) 16860-16911, https://doi.org/10.1007/s11356-021-18419-w.

1. Noor, et al., Heavy metal and metalloid toxicity in horticultural plants:
Tolerance mechanism and remediation strategies, Chemosphere 303 (2022),
135196, https://doi.org/10.1016/j.chemosphere.2022.135196.

R.R. Crichton, Chapter 1 Metal Toxicity — An Introduction, in: Metal Chelation in
Medicine, The Royal Society of Chemistry, 2017, pp. 1-23, https://doi.org/
10.1039/9781782623892-00001.

Engwa, G. Azeh, P. Udoka Ferdinand, F. Nweke Nwalo, and Marian N.
Unachukwu. "Mechanism and health effects of heavy metal toxicity in humans."
Poisoning in the modern world-new tricks for an old dog 10 (2019): 70-90.

J. Bilcikova, V. Fialkovd, E. Kovacikovd, M. Miskeje, B. Tombarkiewicz,

Z. Knazicka, Influence of transition metals on animal and human health: A
review, Contemp. Agri. 67 (3-4) (2018) 187-195, https://doi.org/10.1515/
contagri-2018-0027.

G. Nageswaran, Y.S. Choudhary, S. Jagannathan, Inductively coupled plasma
mass spectrometry, Spectrosc. Methods Nanomater. Charact. 2 (January) (2017)
163-194, https://doi.org/10.1016/B978-0-323-46140-5.00008-X.

V. K. Maurya, R. P. Singh, L. B. Prasad, Comparative evaluation of trace heavy
metal ions in water sample using complexes of dithioligands by flame atomic
absorption spectrometry, Orient. J. Chem., 34(1) (2018), 100-109, 10.13005/0jc/
340111.

P. Sonthalia, E. McGaw, Y. Show, G.M. Swain, Metal ion analysis in contaminated
water samples using anodic stripping voltammetry and a nanocrystalline
diamond thin-film electrode, Anal. Chim. Acta 522 (1) (2004) 35-44, https://doi.
org/10.1016/j.aca.2004.06.071.

G. Janani, P. A. Prabakaran, Evaluation of heavy metal concentration in E-waste
using atomic absorption spectroscopy, (04) (2022) 1070-1077.

M. Kumar, A. Puri, A review of permissible limits of drinking water, Indian J.
Occup. Environ. Med. 16 (1) (2012) 40-44, https://doi.org/10.4103/0019-
5278.99696.

F.S. Al-fartusie, S.N. Mohssan, I.J. Adv, Chem. Sci. 5 (2017), 127-136.

A. L. Berhanu, Gaurav, I. Mohiuddin, A. K. Malik, J. S. Aulakh, V. Kumar, K.-H.
Kim, Trends Anal. Chem., 2019, 116, Biochemical aspects., vol. 55. 1962. 10.5005/
jp/books/11431 8.

World Health Organization, Guidelines for drinking-water quality, 1, world
health organization, 2004.

X. Zhu, Y. Duan, P. Li, H. Fan, T. Han, X. Huang, A highly selective and
instantaneously responsive Schiff base fluorescent sensor for the ‘turn-off’
detection of iron(IIl), iron(II), and copper(Il) ions, Anal. Methods 11 (5) (2019)
642-647, https://doi.org/10.1039/c8ay02526f.

R. Chandra, A.K. Manna, M. Sahu, K. Rout, G.K. Patra, Simple salicylaldimine-
functionalized dipodal bis Schiff base chromogenic and fluorogenic chemosensors


https://doi.org/10.1016/bs.adioch.2015.09.001
https://doi.org/10.1016/j.snb.2017.04.046
https://doi.org/10.1016/j.snb.2017.04.046
https://doi.org/10.1016/j.saa.2018.08.058
https://doi.org/10.1016/j.molstruc.2019.127039
https://doi.org/10.1016/j.molstruc.2019.127039
https://doi.org/10.1007/s12678-022-00752-4
https://doi.org/10.1021/acs.accounts.5b00221
https://doi.org/10.1021/acs.accounts.5b00221
https://doi.org/10.1021/acs.chemrev.0c01197
https://doi.org/10.1021/acs.chemrev.0c01197
https://doi.org/10.1016/j.ica.2020.119801
https://doi.org/10.1016/j.ccr.2021.214020
https://doi.org/10.1016/j.ccr.2021.214020
https://doi.org/10.1021/ja056827g
https://doi.org/10.1021/ja056827g
https://doi.org/10.1039/QR9581200265
https://doi.org/10.1039/QR9581200265
https://doi.org/10.1021/j150499a001
https://doi.org/10.1021/j150499a001
https://doi.org/10.1021/acs.inorgchem.1c00523
https://doi.org/10.1016/j.ccr.2019.03.010
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0185
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0185
https://doi.org/10.1002/anie.201910639
https://doi.org/10.1021/jacs.9b03806
https://doi.org/10.1021/jacs.9b03806
https://doi.org/10.1016/j.gresc.2021.08.002
https://doi.org/10.1002/ange.202105482
https://doi.org/10.1002/ange.202105482
https://doi.org/10.1002/chem.201704502
https://doi.org/10.1021/acs.chemrev.9b00279
https://doi.org/10.1002/anie.202007314
https://doi.org/10.1002/anie.202007314
https://doi.org/10.1039/b907831b
https://doi.org/10.1021/acsami.9b02640
https://doi.org/10.1021/acsomega.1c05960
https://doi.org/10.1021/acs.inorgchem.9b01335
https://doi.org/10.1021/acs.inorgchem.9b01335
https://doi.org/10.1021/acs.inorgchem.0c00857
https://doi.org/10.1021/acsomega.9b04294
https://doi.org/10.1021/acsomega.8b02750
https://doi.org/10.1021/acsomega.8b02750
https://doi.org/10.1021/acsomega.1c07279
https://doi.org/10.1021/acsomega.1c07279
https://doi.org/10.1021/acsomega.8b00748
https://doi.org/10.1021/acs.jpca.9b03366
https://doi.org/10.1021/acs.jpcb.5b01390
https://doi.org/10.1021/acs.jpcb.5b01390
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0280
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0280
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0280
https://doi.org/10.3389/fphar.2021.643972
https://doi.org/10.3389/fphar.2021.643972
https://doi.org/10.1007/s11356-021-18419-w
https://doi.org/10.1016/j.chemosphere.2022.135196
https://doi.org/10.1039/9781782623892-00001
https://doi.org/10.1039/9781782623892-00001
https://doi.org/10.1515/contagri-2018-0027
https://doi.org/10.1515/contagri-2018-0027
https://doi.org/10.1016/B978-0-323-46140-5.00008-X
https://doi.org/10.1016/j.aca.2004.06.071
https://doi.org/10.1016/j.aca.2004.06.071
https://doi.org/10.4103/0019-5278.99696
https://doi.org/10.4103/0019-5278.99696
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0340
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0350
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0350
https://doi.org/10.1039/c8ay02526f

P. Kaswan

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

for selective and sensitive detection of Al3+ and Cr3-+, Inorg. Chim. Acta 499
(2020), 119192 https://doi.org/10.1016/.ica.2019.119192.

F. Cicekbilek, B. Yilmaz, M. Bayrakci, O. Gezici, An application of a Schiff-base
type reaction in the synthesis of a new rhodamine-based Hg(II)-sensing agent,
J. Fluoresc. 29 (6) (2019) 1349-1358, https://doi.org/10.1007/s10895-019-
02462-5.

C. Chen, G. Men, W. Bu, C. Liang, H. Sun, S. Jiang, A colorimetric and fluorescent
probe for multiple transition metal ions (Cu2+, Zn2+ and Ni2+): Fast response
and high selectivity, Sens. Actuators B 220 (2015) 463-471, https://doi.org/
10.1016/j.snb.2015.06.004.

A. Kumar, M. Virender, B.M. Saini, Shayoraj, M. Kamboj, Colorimetric and
fluorescent Schiff base sensors for trace detection of pollutants and biologically
significant cations: A review (2010-2021), Microchem. J. 181 (2022), 107798,
https://doi.org/10.1016/j.microc.2022.107798.

C. Parthiban, K.P. Elango, Selective colorimetric sensing of fluoride ion via H-
bonding in 80% aqueous solution by transition metal chelates, Sens. Actuators B
245 (2017) 321-333, https://doi.org/10.1016/j.snb.2017.01.153.

B.K. Bansod, T. Kumar, R. Thakur, S. Rana, I. Singh, A review on various
electrochemical techniques for heavy metal ions detection with different sensing
platforms, Biosens. Bioelectron. 94 (2017) 443-455, https://doi.org/10.1016/].
bios.2017.03.031.

Z. Salarvand, M. Amirnasr, S. Meghdadi, Colorimetric and fluorescent sensing of
Al3+ by a new 2-hydroxynaphthalen based Schiff base ‘Off-On’ chemosensor,

J. Lumin. 207 (2019) 78-84, https://doi.org/10.1016/j.jlumin.2018.10.115.

R. Sakai, T. Satoh, T. Kakuchi, Polyacetylenes as colorimetric and fluorescent
chemosensor for anions, Polym. Rev. 57 (1) (2017) 159-174, https://doi.org/
10.1080/15583724.2016.1144613.

F. Ikram, A. Qayoom, Z. Aslam, M.R. Shah, C.R AC US, J. Mol. Liq. 277 (2019)
649-655, https://doi.org/10.1016/j.molliq.2018.12.146.

B. Kaur, A. Gupta, N. Kaur, A simple Schiff base as a multi responsive and
sequential sensor towards Al3+, F— and Cu2+ ions, J. Photochem. Photobiol. A
Chem. 389 (2020), 112140, https://doi.org/10.1016/j.

jphotochem.2019.112140.

T. Li, et al., A colorimetric and fluorescent probe for fluoride anions based on a
phenanthroimidazole-cyanine platform, Anal. Methods 5 (6) (2013) 1612-1616,
https://doi.org/10.1039/c3ay26461k.

V. Tekuri, S.K. Sahoo, D.R. Trivedi, Hg 2+ induced hydrolysis of thiazole amine
based Schiff base: Colorimetric and fluorogenic chemodosimeter for Hg 2+ ions
in an aqueous medium, Spectrochim. Acta - Part A: Mol. Biomol. Spectrosc. 218
(2019) 19-26, https://doi.org/10.1016/j.saa.2019.03.106.

N. Narayanaswamy, T. Govindaraju, Aldazine-based colorimetric sensors for Cu 2
+ and Fe 3+, Sens. Actuators B 161 (1) (2012) 304-310, https://doi.org/
10.1016/j.snb.2011.10.036.

S. Das, K. Aich, S. Goswami, C.K. Quah, H.K. Fun, FRET-based fluorescence
ratiometric and colorimetric sensor to discriminate Fe3+ from Fe2+, New J.
Chem. 40 (7) (2016) 6414-6420, https://doi.org/10.1039/c5nj03598h.

Y. Wang, C. Wang, S. Xue, Q. Liang, Z. Li, S. Xu, Highly selective and sensitive
colorimetric and fluorescent chemosensor of Fe3+ and Cu2+ based on 2,3,3-tri-
methylnaphto[1,2-d] squaraine, RSC Adv. 6 (8) (2016) 6540-6550, https://doi.
org/10.1039/c5ra22530b.

R. Riyazuddin, et al., A comprehensive review on the heavy metal toxicity and
sequestration in plants, Biomolecules 12 (1) (2022) 1-26, https://doi.org/
10.3390/biom12010043.

M. Poonkothai, B.S. Vijayavathi, Nickel as an essential element and a toxicant
[Online].Available: Int. J. Environ. Sci. 1 (4) (2012) 285-288 http://crdeep.com/
wp-content/uploads/2012/10/Vol-1-4-12-1JES.pdf.

A. Goutam Mukherjee, U. Ramesh Wanjari, K. Renu, B. Vellingiri, A. Valsala
Gopalakrishnan, Heavy metal and metalloid - induced reproductive toxicity,
Environ. Toxicol. Pharmacol. 92 (2022), 103859, https://doi.org/10.1016/j.
etap.2022.103859.

Kaswan, Poonam. "Colorimetric Sensing by Schiff Base 2-(Pyridin-2-YI)-1h-
Benzimida Zole of Multi-Metallic Ions Cu2+, Fe2+, Fe3+, and Co2-+."available at
SSRN.

T. Hu, et al., A new Schiff base fluorescent-colorimetric probe containing
fluorene-naphthalene structure: Multifunction detection, Inorg. Chim. Acta 498
(2019), 119131, https://doi.org/10.1016/j.ica.2019.119131.

P. G. Sutariya, H. Soni, S. A. Gandhi, J. Prasad, S. S. Soni, A dual-response
naphthalene-armed calix[4]arene based fluorescence receptor for Zr(IV) and Fe
(II) via Ligand to metal charge transfer, Sens. Actuat., B: Chem., 331, (2020)
(2021), 129417, 10.1016/j.snb.2020.129417.

M. Basak, S. Halder, G. Das, Folic acid induced disassembly of self-assembled
fluorene-naphthalene based receptor and contemporaneous detection of folic acid
in aqueous medium, J. Photochem. Photobiol. A Chem. 414 (2021), 113292,
https://doi.org/10.1016/j.jphotochem.2021.113292.

Y. Hao, et al., A naphthalimide-based azo colorimetric and ratiometric probe:
Synthesis and its application in rapid detection of cyanide anions, Anal. Methods
6 (8) (2014) 2478-2483, https://doi.org/10.1039/c3ay41931b.

A. Kundu, P.S. Hariharan, K. Prabakaran, S.P. Anthony, Developing new Schiff
base molecules for selective colorimetric sensing of Fe3+ and Cu2+ metal ions:
Substituent dependent selectivity and colour change, Sens. Actuators B 206
(2015) 524-530, https://doi.org/10.1016/j.snb.2014.09.099.

V.K. Gupta, A.K. Singh, M.R. Ganjali, P. Norouzi, F. Faridbod, N. Mergu,
Comparative study of colorimetric sensors based on newly synthesized Schiff
bases, Sens. Actuators B 182 (2013) 642-651, https://doi.org/10.1016/j.
snb.2013.03.062.

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

Z. Aydin, A cinnamaldehyde-based colorimetric sensor for Hg2+ detection in
aqueous solutions, J. Inst. Sci. Technol., 11(1) (2021) 376-383, 10.21597/
jist.791354.

M. Akbar Ali, M.T.H. Tarafdar, Metal complexes of sulphur and nitrogen-
containing ligands: Complexes of s-benzyldithiocarbazate and a Schiff base
formed by its condensation with pyridine-2-carboxaldehyde, J. Inorg. Nucl.
Chem. 39 (10) (1977) 1785-1791, https://doi.org/10.1016/0022-1902(77)
80202-9.

Shul’pin, Georgiy B., Yuriy N. Kozlov, and Lidia S. Shul’pina. "Metal complexes
containing redox-active ligands in oxidation of hydrocarbons and alcohols: A
review." Catalysts 912 (2019): 1046.

Dzhardimalieva, Gulzhian I., Igor E. Uflyand, Gulzhian I. Dzhardimalieva, and
Igor E. Uflyand. "Metal complexes with polymer chelating ligands." Chemistry of
Polymeric Metal Chelates (2018): 199-366.

C. Slone, D. Weinberger, C. Mirkin, The transition metal coordination chemistry
of hemilabile ligands, Prog. Inorg. Chem. 48 (2007) 233-350, https://doi.org/
10.1002/9780470166499.ch3.

X. Xia, D. Zhang, C. Fan, S. Pu, Naked-eye detection of Cu (II) and Fe (III) based
on a Schiff Base Ruthenium complex with nicotinohydrazide, Appl. Organomet.
Chem. 34 (10) (2020) 1-9, https://doi.org/10.1002/a0c.5841.

AK. Manna, K. Rout, S. Chowdhury, G.K. Patra, A dual-mode highly selective and
sensitive Schiff base chemosensor for fluorescent colorimetric detection of Ni2+
and colorimetric detection of Cu2+, Photochem. Photobiol. Sci. 18 (6) (2019)
1512-1525, https://doi.org/10.1039/c9 pp00114;.

M. Hazra, T. Dolai, A. Pandey, S.K. Dey, A. Patra, Synthesis and characterisation
of copper (II) complexes with tridentate NNO functionalized ligand: density
function theory study, DNA binding mechanism, optical properties, and biological
application 2014 (2014) 104046.

L. Fan, J. can Qin, C. rui Li, Z. yin Yang, A Schiff-base receptor based chromone
derivate: Highly selective fluorescent and colorimetric probe for Al(III),
Spectrochim. Acta - Part A: Mol. Biomol. Spectrosc. 218 (2019) 342-347, https://
doi.org/10.1016/j.5aa.2019.03.101.

Q. Bing, L. Wang, D. Li, G. Wang, Spectrochimica Acta Part A : Molecular and
Biomolecular Spectroscopy A new high selective and sensitive turn-on fl
uorescent and ratiometric absorption chemosensor for Cu 2 + based on
benzimidazole in aqueous solution and its application in live cell, Spectrochim.
Acta A Mol. Biomol. Spectrosc. 202 (2018) 305-313, https://doi.org/10.1016/j.
saa.2018.05.045.

R. Azadbakht, H. Keypour, A new Schiff base system bearing two naphthalene
groups as fluorescent chemodosimeter for Zn 2+ ion and its logic gate behavior,
Spectrochim. Acta - Part A: Mol. Biomol. Spectrosc. 85 (1) (2012) 293-297,
https://doi.org/10.1016/j.saa.2011.10.013.

S.E. Livingstone, Metal complexes of ligands containing sulphur, selenium, or
tellurium as donor atoms, Q. Rev. Chem. Soc. 19 (4) (1965) 386-425, https://doi.
org/10.1039/qr9651900386.

S.M. Abdallah, M.A. Zayed, G.G. Mohamed, Synthesis and spectroscopic
characterization of new tetradentate Schiff base and its coordination compounds
of NOON donor atoms and their antibacterial and antifungal activity, Arab. J.
Chem. 3 (2) (2010) 103-113, https://doi.org/10.1016/j.arabjc.2010.02.006.

R. Konrath, A. Spannenberg, P.C.J. Kamer, Preparation of a series of supported
nonsymmetrical PNP-pincer ligands and the application in ester hydrogenation,
Chem. A Eur. J. 25 (67) (2019) 15341-15350, https://doi.org/10.1002/
chem.201903379.

M.R. Detty, P.B. Merkel, R. Hilf, S.L. Gibson, S.K. Powers, Chalcogenapyrylium
dyes as photochemotherapeutic agents. 2. Tumor uptake, mitochondrial
targeting, and singlet-oxygen-induced inhibition of cytochrome C oxidase, J. Med.
Chem. 33 (4) (1990) 1108-1116, https://doi.org/10.1021/jm00166a005.

Y.K. Yang, K.J. Yook, J. Tae, A rhodamine-based fluorescent and colorimetric
chemodosimeter for the rapid detection of Hg2+ ions in aqueous media, J. Am.
Chem. Soc. 127 (48) (2005) 16760-16761, https://doi.org/10.1021/ja054855t.
J. Fernandez-Lodeiro, et al., Synthesis and biological properties of selenium- and
tellurium-containing dyes, Dyes Pigm. 110 (2014) 28-48, https://doi.org/
10.1016/j.dyepig.2014.04.044.

W. Lin, X. Cao, Y. Ding, L. Yuan, L. Long, A highly selective and sensitive
fluorescent probe for Hg2+ imaging in live cells based on a rhodamine-
thioamide-alkyne scaffold, Chem. Commun. 46 (20) (2010) 3529-3531, https://
doi.org/10.1039/b927373e.

S.C. Lee, S. Park, H. So, G. Lee, K.T. Kim, C. Kim, An acridine-based fluorescent
sensor for monitoring clo— in water samples and zebrafish, Sensors (Switzerland)
20 (17) (2020) 1-13, https://doi.org/10.3390/520174764.

F. Yu, P. Li, G. Li, G. Zhao, T. Chu, K. Han, A near-IR reversible fluorescent probe
modulated by selenium for monitoring peroxynitrite and imaging in living cells,
J. Am. Chem. Soc. 133 (29) (2011) 11030-11033, https://doi.org/10.1021/
ja202582x.

Z. Lou, P. Li, X. Sun, S. Yang, B. Wang, K. Han, A fluorescent probe for rapid
detection of thiols and imaging of thiols reducing repair and H202 oxidative
stress cycles in living cells, Chem. Commun. 49 (4) (2013) 391-393, https://doi.
0rg/10.1039/c2cc36839k.

Z. Qu, P. Li, X. Zhang, K. Han, A turn-on fluorescent chemodosimeter based on
detelluration for detecting ferrous iron (Fe2+) in living cells, J. Mater. Chem. B 4
(5) (2016) 887-892, https://doi.org/10.1039/c5tb02090e.

A.P. Singh, et al., A novel, selective, and extremely responsive thienyl-based dual
fluorogenic probe for tandem superoxide and Hg2+ chemosensing, J. Chem. Soc.,
Dalton Trans. 42 (2) (2013) 3285-3290, https://doi.org/10.1039/c2dt32135a.


https://doi.org/10.1016/j.ica.2019.119192
https://doi.org/10.1007/s10895-019-02462-5
https://doi.org/10.1007/s10895-019-02462-5
https://doi.org/10.1016/j.snb.2015.06.004
https://doi.org/10.1016/j.snb.2015.06.004
https://doi.org/10.1016/j.microc.2022.107798
https://doi.org/10.1016/j.snb.2017.01.153
https://doi.org/10.1016/j.bios.2017.03.031
https://doi.org/10.1016/j.bios.2017.03.031
https://doi.org/10.1016/j.jlumin.2018.10.115
https://doi.org/10.1080/15583724.2016.1144613
https://doi.org/10.1080/15583724.2016.1144613
https://doi.org/10.1016/j.molliq.2018.12.146
https://doi.org/10.1016/j.jphotochem.2019.112140
https://doi.org/10.1016/j.jphotochem.2019.112140
https://doi.org/10.1039/c3ay26461k
https://doi.org/10.1016/j.saa.2019.03.106
https://doi.org/10.1016/j.snb.2011.10.036
https://doi.org/10.1016/j.snb.2011.10.036
https://doi.org/10.1039/c5nj03598h
https://doi.org/10.1039/c5ra22530b
https://doi.org/10.1039/c5ra22530b
https://doi.org/10.3390/biom12010043
https://doi.org/10.3390/biom12010043
http://crdeep.com/wp-content/uploads/2012/10/Vol-1-4-12-IJES.pdf
http://crdeep.com/wp-content/uploads/2012/10/Vol-1-4-12-IJES.pdf
https://doi.org/10.1016/j.etap.2022.103859
https://doi.org/10.1016/j.etap.2022.103859
https://doi.org/10.1016/j.ica.2019.119131
https://doi.org/10.1016/j.jphotochem.2021.113292
https://doi.org/10.1039/c3ay41931b
https://doi.org/10.1016/j.snb.2014.09.099
https://doi.org/10.1016/j.snb.2013.03.062
https://doi.org/10.1016/j.snb.2013.03.062
https://doi.org/10.1016/0022-1902(77)80202-9
https://doi.org/10.1016/0022-1902(77)80202-9
https://doi.org/10.1002/9780470166499.ch3
https://doi.org/10.1002/9780470166499.ch3
https://doi.org/10.1002/aoc.5841
https://doi.org/10.1039/c9 pp00114j
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0520
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0520
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0520
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0520
https://doi.org/10.1016/j.saa.2019.03.101
https://doi.org/10.1016/j.saa.2019.03.101
https://doi.org/10.1016/j.saa.2018.05.045
https://doi.org/10.1016/j.saa.2018.05.045
https://doi.org/10.1016/j.saa.2011.10.013
https://doi.org/10.1039/qr9651900386
https://doi.org/10.1039/qr9651900386
https://doi.org/10.1016/j.arabjc.2010.02.006
https://doi.org/10.1002/chem.201903379
https://doi.org/10.1002/chem.201903379
https://doi.org/10.1021/jm00166a005
https://doi.org/10.1021/ja054855t
https://doi.org/10.1016/j.dyepig.2014.04.044
https://doi.org/10.1016/j.dyepig.2014.04.044
https://doi.org/10.1039/b927373e
https://doi.org/10.1039/b927373e
https://doi.org/10.3390/s20174764
https://doi.org/10.1021/ja202582x
https://doi.org/10.1021/ja202582x
https://doi.org/10.1039/c2cc36839k
https://doi.org/10.1039/c2cc36839k
https://doi.org/10.1039/c5tb02090e
https://doi.org/10.1039/c2dt32135a

P. Kaswan

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]
[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

S. Huang, S. He, Y. Lu, F. Wei, X. Zeng, L. Zhao, Highly sensitive and selective
fluorescent chemosensor for Ag+ based on a coumarin-Se2N chelating conjugate,
Chem. Commun. 47 (8) (2011) 2408-2410, https://doi.org/10.1039/c0cc04589f.
A.A. Soares-Paulino, et al., Oxidation of tellurium dyes induced by mercury: More
insights on the naked-eye and fluorescent Hg2+ detection, Dyes Pigm. 160 (2019)
208-216, https://doi.org/10.1016/j.dyepig.2018.07.055.

R.S. Chauhan, N. Shivran, Emerging trends in organotellurolate chemistry derived
from platinoids, RSC Adv. 7 (87) (2017) 55175-55198, https://doi.org/10.1039/
c7ra09480a.

H.R. Rajegowda, P.R. Kumar, A. Hosamani, R.J. Butcher, Synthesis,
characterization and determination of absolute structures of palladium complexes
of novel chiral acyclic tellurated Schiff base ligands, New J. Chem. 42 (8) (2018)
6264-6273, https://doi.org/10.1039/c¢8nj00727f.

B. Sreenivasulu, M. Vetrichelvan, F. Zhao, S. Gao, J.J. Vittal, Copper(II)
complexes of Schiff-base and reduced Schiff-base ligands: Influence of weakly
coordinating sulfonate groups on the structure and oxidation of 3,5-DTBC, Eur. J.
Inorg. Chem. 22 (2005) 4635-4645, https://doi.org/10.1002/ejic.200500638.
F. Kandil, W. Al Zoubi, M.K. Chebani, The synthesis and characterization of new
Schiff bases and investigating them in solvent extraction of chromium and copper,
Sep. Sci. Technol. (Philadelphia) 47 (12) (2012) 1754-1761, https://doi.org/
10.1080/01496395.2012.660554.

T. Chivers, R.S. Laitinen, Tellurium: A maverick among the chalcogens, Chem.
Soc. Rev. 44 (7) (2015) 1725-1739, https://doi.org/10.1039/c4cs00434e.

J.V. Comasseto, R.L.O.R. Cunha, G.C. Clososki, 9.13 - Tellurium, in: D.M.

P. Mingos, R.H. Crabtree (Eds.), Comprehensive Organometallic Chemistry III,
Elsevier, Oxford, 2007, pp. 587-648, https://doi.org/10.1016/B0-08-045047-4/
00121-7.

JOZEF. DRABOWICZ, Chiral Selenium and Tellurium-containing Derivatives:
Synthesis and Applications, Chalcogen Chemistry: Fundamentals and
Applications (2023).

E. M. McGarrigle, E. L. Myers, O. Illa, M. A. Shaw, S. L. Riches, V. K. Aggarwal,
Chalcogenides as organocatalysts, 107(12) (2007). 10.1021/cr068402y.

L. Engman, Synthetic applications of organotellurium chemistry, Acc. Chem. Res.
18 (9) (1985) 274-279, https://doi.org/10.1021/ar00117a003.

A. Panda, Developments in tellurium containing macrocycles, Coord. Chem. Rev.
253 (13-14) (2009) 1947-1965, https://doi.org/10.1016/j.ccr.2009.03.025.

R. Amorati, L. Valgimigli, P. Dinér, K. Bakhtiari, M. Saeedi, L. Engman, Multi-
faceted reactivity of alkyltellurophenols towards peroxyl radicals: Catalytic
antioxidant versus thiol-depletion effect, Chem. A Eur. J. 19 (23) (2013)
7510-7522, https://doi.org/10.1002/chem.201300451.

H.J. Gysling, Ligand properties of organic selenium and tellurium compounds,
Organic Selenium and Tellurium Compounds 1986 (1) (2010) 679-855, https://
doi.org/10.1002/9780470771761.ch18.

E. G. Hope and W. Levason, Recent developments in the coordination chemistry
of selenoether and telluroethet- ligands, vol. 122, no. I 993, (1993).

M. G. Kanatzidis and S. Huang, Coordination chemistry of heavy
polychalcogenidie ligands E !), vol. 130, pp. 509-621, 1994.

A K. Singh, S. Sharma, Recent developments in the ligand chemistry of tellurium,
Coord. Chem. Rev. 209 (1) (2000) 49-98, https://doi.org/10.1016/50010-8545
(99)00236-2.

U. Englich, K. Ruhlandt-Senge, Thiolates, selenolates, and tellurolates of the s-
block elements, Coord. Chem. Rev. 210 (1) (2000) 135-179, https://doi.org/
10.1016/S0010-8545(00)00319-2.

A.F. Cozzolino, P.J.W. Elder, 1. Vargas-Baca, A survey of tellurium-centered
secondary-bonding supramolecular synthons, Coord. Chem. Rev. 255 (11-12)
(2011) 1426-1438, https://doi.org/10.1016/j.ccr.2010.12.015.

W. Levason, S.D. Orchard, G. Reid, Recent developments in the chemistry of
selenoethers and telluroethers, Coord. Chem. Rev. 225 (1-2) (2002) 159-199,
https://doi.org/10.1016/5S0010-8545(01)00412-X.

Si Liu, Zhanglang Zhou, Jing Fang, Min Wang, Hao Zong, Weinan Chen, Ring-
expansion from tellurophenes to telluropyrans: inhibition of C-Te bond cleavages
in transition metal-catalyzed reactions, Organic Chemistry Frontiers 10 (1) (2023)
54-61.

Bittencourt, Karina Chertok, and Rafael Rodrigues DE Souza. "Insecticidal activity
of the organotellurium 2-Phenylethynyl-Butyltellurium on the Drosophila
melanogaster model." Anais da Academia Brasileira de Ciencias 95 (2023):
€20211486.

Yiheng Dai, Jun Guan, Shenghan Zhang, Shuojiong Pan, Banruo Xianyu, Zhuoxin
Ge, Jinyan Si, Chaowei He, and Huaping Xu. "Tellurium-containing Polymers:
Recent Developments and Trends, Progress in Polymer Science (2023) 101678.
Poonam Kaswan, Kumar Rao, Gyandshwar, Nisha Yadav, Jahangeer Ahmedc,
Chandra Mohan Srivastava, Bharat Kumar, and Jahangeer Ahmed. "Pd (Ii)-
Complexes of Telluro-Substituted Schiff Base Ligands: Effect of the Pendant Alkyl
Group on Suzuki and Heck Coupling Through in Situ Generated Palladium
Nanoparticles." Available at SSRN 4449856.

A. Abdillah et al., Discussions of fluorescence in selenium chemistry: Recently
reported probes, particles, and a clearer biological knowledget, Molecules, 26(3)
(2021), 10.3390/molecules26030692.

A. Panda, S.C. Menon, H.B. Singh, R.J. Butcher, Synthesis of some macrocycles/
bicycles from bis(o-formylphenyl) selenide: X-ray crystal structure of bis(o-
formylphenyl) selenide and the first 28-membered selenium containing
macrocyclic ligand, J. Organomet. Chem. 623 (1-2) (2001) 87-94, https://doi.
org/10.1016/50022-328X(00)00830-5.

A. Panda, S. Panda, K. Srivastava, H.B. Singh, Chemistry of selenium/tellurium-
containing Schiff base macrocycles, Inorg. Chim. Acta 372 (1) (2011) 17-31,
https://doi.org/10.1016/j.ica.2011.02.031.

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

P. Devi, et al., Ultrasensitive and selective sensing of selenium using nitrogen-rich
ligand interfaced carbon quantum dots, ACS Appl. Mater. Interfaces 9 (15) (2017)
13448-13456, https://doi.org/10.1021/acsami.7b00991.

K. Mariappan, et al., Improved selectivity for Pb(II) by sulphur, selenium and
tellurium analogues of 1,8-anthraquinone-18-crown-5: Synthesis, spectroscopy,
X-ray crystallography and computational studies, Dalton Trans. 44 (26) (2015)
11774-11787, https://doi.org/10.1039/c5dt01305d.

M.R. Ganjali, F. Faridbod, R. Dinarvand, P. Norouzi, S. Riahi, Schiff’s bases and
crown ethers as supramolecular sensing materials in the construction of
potentiometric membrane sensors, Sensors 8 (3) (2008) 1645-1703, https://doi.
org/10.3390/s8031645.

A. Abbaspour, A.R. Esmaeilbeig, A.A. Jarrahpour, B. Khajeh, R. Kia, Aluminium
(IID)-selective electrode based on a newly synthesized tetradentate Schiff base,
Talanta 58 (2) (2002) 397-403, https://doi.org/10.1016/50039-9140(02)00290-
4.

B. Khan, et al., Synthesis, characterization and Cu2+ triggered selective
fluorescence quenching of Bis-calix[4]arene tetra-triazole macrocycle, J. Hazard.
Mater. 309 (2016) 97-106, https://doi.org/10.1016/j.jhazmat.2016.01.074.

D. Gakmak, S. Cakran, S. Yalcinkaya, C. Demetgiil, Synthesis of salen-type Schiff
base metal complexes, electropolymerization on graphite electrode surface and
investigation of electrocatalytic effects, J. Electroanal. Chem. 808 (2018) 65-74,
https://doi.org/10.1016/j.jelechem.2017.11.058.

A.P. De Silva, T.S. Moody, G.D. Wright, Fluorescent PET (Photoinduced Electron
Transfer) sensors as potent analytical tools, Analyst 134 (12) (2009) 2385-2393,
https://doi.org/10.1039/b912527m.

J. Xue, L. mei Tian, Z. yin Yang, A novel rhodamine-chromone Schiff-base as turn-
on fluorescent probe for the detection of Zn(II) and Fe(Ill) in different solutions,
J. Photochem. Photobiol. A: Chem., vol. 369 (2018) (2019), 77-84, 10.1016/j.
jphotochem.2018.10.026.

C. Liu, Z. Yang, M. Yan, A highly selective and sensitive fluorescent turn-on
chemosensor for Al 3+ based on a chromone Schiff base, J. Coord. Chem. 65 (21)
(2012) 3845-3850, https://doi.org/10.1080/00958972.2012.726987.

Y. Li, et al., A novel optical probe for Hg2-+ in aqueous media based on mono-
thiosemicarbazone Schiff base, J. Photochem. Photobiol. A Chem. 338 (2017)
1-7, https://doi.org/10.1016/j.jphotochem.2017.01.026.

X. Meng, et al., An ICT-based fluorescence enhancement probe for detection of
Sn2+in cancer cells, RSC Adv. 10 (62) (2020) 37735-37742, https://doi.org/
10.1039/d0ra07330j.

G. Yin, Y. Wang, Y. Yuan, R. Li, R. Chen, H.L. Wang, Two-stage metal ion sensing
by through-space and through-bond charge transfer, J. Mater. Chem. C 8 (40)
(2020) 14028-14036, https://doi.org/10.1039/d0tc01082k.

X. Liu, et al., An ICT-based coumarin fluorescent probe for the detection of
hydrazine and its application in environmental water samples and organisms,
Front. Bioeng. Biotechnol. 10 (June) (2022) 1-9, https://doi.org/10.3389/
fbioe.2022.937489.

Y. Zhang, et al., A highly selective dual-channel Hg2+ chemosensor based on an
easy to prepare double naphthalene Schiff base, Sci. China Chem. 56 (5) (2013)
612-618, https://doi.org/10.1007/5s11426-012-4798-0.

A.K. Manna, J. Mondal, K. Rout, G.K. Patra, A new ICT based Schiff-base
chemosensor for colorimetric selective detection of copper and its copper complex
for both colorimetric and fluorometric detection of Cysteine, J. Photochem.
Photobiol. A Chem. 367 (2018) 74-82, https://doi.org/10.1016/j.
jphotochem.2018.08.018.

X. Zheng, R. Ji, X. Cao, Y. Ge, FRET-based ratiometric fluorescent probe for Cu2+
with a new indolizine fluorophore, Anal. Chim. Acta 978 (2017) 48-54, https://
doi.org/10.1016/j.aca.2017.04.048.

Z. Hu, et al., A facile ‘click’ reaction to fabricate a FRET-based ratiometric
fluorescent Cu2+ probe, J. Mater. Chem. B 2 (28) (2014) 4467-4472, https://doi.
0rg/10.1039/c4tb00441h.

G. Dhaka, N. Kaur, J. Singh, Spectroscopic evaluation of a novel multi-element
sensitive fluorescent probe derived from 2-(2'-phenylbenzamide)benzimidazole:
Selective discrimination of Al3+ and Cd2+ from their congeners, Inorg. Chem.
Commun. 72 (2016) 57-61, https://doi.org/10.1016/j.inoche.2016.08.008.

H. Kuzhandaivel, S.B. Basha, I.D. Charles, N. Raju, U. Singaravelu, K. Sivalingam
Nallathambi, Performance of 2-hydroxy-1-naphthaldehyde-2-amino thiazole as a
highly selective turn-on fluorescent chemosensor for Al(III) ions detection and
biological applications, J. Fluoresc. 31 (4) (2021) 1041-1053, https://doi.org/
10.1007/510895-021-02722-3.

A.S. Tanwar, S. Hussain, A.H. Malik, M.A. Afroz, P.K. Iyer, Inner filter effect based
selective detection of nitroexplosive-picric acid in aqueous solution and solid
support using conjugated polymer, ACS Sensors 1 (8) (2016) 1070-1077, https://
doi.org/10.1021/acssensors.6b00441.

A. Abbasi, M. Shakir, An inner filter effect based Schiff base chemosensor for
recognition of Cr(VI) and ascorbic acid in water matrices, New J. Chem. 42 (1)
(2018) 293-300, https://doi.org/10.1039/c7nj03677a.

T. Hu, et al., A new fluorescent sensor L based on fluorene-naphthalene Schiff
base for recognition of Al3+ and Cr3+, Inorg. Chim. Acta 524 (2021), 120421
https://doi.org/10.1016/j.ica.2021.120421.

D. Singhal, N. Gupta, A.K. Singh, Chromogenic ‘naked eye’ and fluorogenic ‘turn
on’ sensor for mercury metal ion using thiophene-based Schiff base, RSC Adv. 5
(81) (2015) 65731-65738, https://doi.org/10.1039/c5ral1043b.

F.N. Moghadam, M. Amirnasr, K. Eskandari, S. Meghdadi, A new disulfide Schiff
base as a versatile ‘OFF-ON-OFF’ fluorescent-colorimetric chemosensor for
sequential detection of CN- and Fe3+ ions: Combined experimental and
theoretical studies, New J. Chem. 43 (34) (2019) 13536-13544, https://doi.org/
10.1039/c9nj03049b.


https://doi.org/10.1039/c0cc04589f
https://doi.org/10.1016/j.dyepig.2018.07.055
https://doi.org/10.1039/c7ra09480a
https://doi.org/10.1039/c7ra09480a
https://doi.org/10.1039/c8nj00727f
https://doi.org/10.1002/ejic.200500638
https://doi.org/10.1080/01496395.2012.660554
https://doi.org/10.1080/01496395.2012.660554
https://doi.org/10.1039/c4cs00434e
https://doi.org/10.1016/B0-08-045047-4/00121-7
https://doi.org/10.1016/B0-08-045047-4/00121-7
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0640
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0640
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0640
https://doi.org/10.1021/ar00117a003
https://doi.org/10.1016/j.ccr.2009.03.025
https://doi.org/10.1002/chem.201300451
https://doi.org/10.1002/9780470771761.ch18
https://doi.org/10.1002/9780470771761.ch18
https://doi.org/10.1016/S0010-8545(99)00236-2
https://doi.org/10.1016/S0010-8545(99)00236-2
https://doi.org/10.1016/S0010-8545(00)00319-2
https://doi.org/10.1016/S0010-8545(00)00319-2
https://doi.org/10.1016/j.ccr.2010.12.015
https://doi.org/10.1016/S0010-8545(01)00412-X
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0700
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0700
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0700
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0700
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0710
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0710
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0710
https://doi.org/10.1016/S0022-328X(00)00830-5
https://doi.org/10.1016/S0022-328X(00)00830-5
https://doi.org/10.1016/j.ica.2011.02.031
https://doi.org/10.1021/acsami.7b00991
https://doi.org/10.1039/c5dt01305d
https://doi.org/10.3390/s8031645
https://doi.org/10.3390/s8031645
https://doi.org/10.1016/S0039-9140(02)00290-4
https://doi.org/10.1016/S0039-9140(02)00290-4
https://doi.org/10.1016/j.jhazmat.2016.01.074
https://doi.org/10.1016/j.jelechem.2017.11.058
https://doi.org/10.1039/b912527m
https://doi.org/10.1080/00958972.2012.726987
https://doi.org/10.1016/j.jphotochem.2017.01.026
https://doi.org/10.1039/d0ra07330j
https://doi.org/10.1039/d0ra07330j
https://doi.org/10.1039/d0tc01082k
https://doi.org/10.3389/fbioe.2022.937489
https://doi.org/10.3389/fbioe.2022.937489
https://doi.org/10.1007/s11426-012-4798-0
https://doi.org/10.1016/j.jphotochem.2018.08.018
https://doi.org/10.1016/j.jphotochem.2018.08.018
https://doi.org/10.1016/j.aca.2017.04.048
https://doi.org/10.1016/j.aca.2017.04.048
https://doi.org/10.1039/c4tb00441h
https://doi.org/10.1039/c4tb00441h
https://doi.org/10.1016/j.inoche.2016.08.008
https://doi.org/10.1007/s10895-021-02722-3
https://doi.org/10.1007/s10895-021-02722-3
https://doi.org/10.1021/acssensors.6b00441
https://doi.org/10.1021/acssensors.6b00441
https://doi.org/10.1039/c7nj03677a
https://doi.org/10.1016/j.ica.2021.120421
https://doi.org/10.1039/c5ra11043b
https://doi.org/10.1039/c9nj03049b
https://doi.org/10.1039/c9nj03049b

P. Kaswan

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

D. Udhayakumari, S. Saravanamoorthy, S. Velmathi, Colorimetric and fluorescent
sensing of transition metal ions in aqueous medium by salicylaldimine based
chemosensor, Mater. Sci. Eng. C 32 (7) (2012) 1878-1882, https://doi.org/
10.1016/j.msec.2012.05.005.

H.T. Tsai, Y.R. Bhorge, A.J. Pape, S.N. Janaki, Y.P. Yen, A selective colorimetric
and fluorescent chemodosimeter for Fe(III) ion based on hydrolysis of Schiff base,
J. Chin. Chem. Soc. 62 (4) (2015) 316-320, https://doi.org/10.1002/
jces.201400394.

R. Bhaskar, S. Sarveswari, Thiocarbohydrazide based Schiff base as a selective
colorimetric and fluorescent chemosensor for Hg2+ with ‘turn-off’ fluorescence
responses, ChemistrySelect 5 (13) (2020) 4050-4057, https://doi.org/10.1002/
slct.202000652.

R. Manivannan, Y.-A. Son, A pyrene-tetrazole fused fluorescent probe for effective
real time detection towards aluminium ion, J. Fluoresc. 32 (5) (2022) 1703-1712,
https://doi.org/10.1007/510895-022-02985-4.

B.K. Rani, S.A. John, Fluorogenic mercury ion sensor based on pyrene-amino
mercapto thiadiazole unit, J. Hazard. Mater. 343 (2018) 98-106, https://doi.org/
10.1016/j.jhazmat.2017.09.028.

D. Zhai, W. Xu, L. Zhang, Y.T. Chang, The role of ‘disaggregation’ in optical probe
development, Chem. Soc. Rev. 43 (8) (2014) 2402-2411, https://doi.org/
10.1039/¢3cs60368g.

T. Sakamoto, D. Hasegawa, K. Fujimoto, Disassembly-driven signal turn-on
probes for bimodal detection of DNA with 19 F NMR and fluorescence, Org.
Biomol. Chem. 16 (39) (2018) 7157-7162, https://doi.org/10.1039/c80b02218f.
J.S. Shen, et al., Supramolecular aggregation/disaggregation-based molecular
sensing: A review focused on investigations from China, Luminescence 27 (5)
(2012) 317-327, https://doi.org/10.1002/bio.1369.

X. Zhang et al., A simple turn-off Schiff base fluorescent sensor for copper (II) ion
and its application in water analysis, Molecules, 26(5) (2021), 10.3390/
molecules26051233.

X. Wen, Z. Fan, Linear Schiff-base fluorescence probe with aggregation-induced
emission characteristics for Al3 p detection and its application in live cell
imaging, Anal. Chim. Acta (2016), https://doi.org/10.1016/j.aca.2016.09.036.
Manomita Patra, Sharma Archana, Mercury toxicity in plants, The Botanical
Review 66 (2000) 379-422.

V. Sivo, et al., Ni(II), Hg(II), and Pb(II) coordination in the prokaryotic zinc-finger
Ros87, Inorg. Chem. 58 (2) (2019) 1067-1080, https://doi.org/10.1021/acs.
inorgchem.8b02201.

B.D. Barst, M. Rosabal, P.E. Drevnick, P.G.C. Campbell, N. Basu, Subcellular
distributions of trace elements (Cd, Pb, As, Hg, Se) in the livers of Alaskan
yelloweye rockfish (Sebastes ruberrimus), Environ. Pollut. 242 (2018) 63-72,
https://doi.org/10.1016/j.envpol.2018.06.077.

Q. Niu, X. Wy, T. Li, Y. Cui, S. Zhang, Q. Su, A phenylamine-oligothiophene-based
fluorescent chemosensor for selective detection of Hg(Il), J. Fluoresc. 26 (3)
(2016) 1053-1058, https://doi.org/10.1007/s10895-016-1793-4.

M.K. Yan, et al., Theoretical study of organic molecules containing N or S atoms
as receptors for Hg(II) fluorescent sensors, Synth. Met. 162 (7-8) (2012) 641-649,
https://doi.org/10.1016/j.synthmet.2011.11.003.

A. Kim, S. Kim, C. Kim, A conjugated Schiff base-based chemosensor for
selectively detecting mercury ion, J. Chem. Sci. 132 (1) (2020) 1-7, https://doi.
org/10.1007/s12039-020-01789-y.

B. Musikavanhu, et al., A simple quinoline-thiophene Schiff base turn-off
chemosensor for Hg2+ detection: spectroscopy, sensing properties and
applications, Spectrochim. Acta A Mol. Biomol. Spectrosc. 264 (2022), 120338,
https://doi.org/10.1016/j.saa.2021.120338.

C.-Y. King, New cellulose—lysine schiff-base-based sensor—adsorbent for mercury
ions sapana, J. Geophys. Res. Solid Earth 96 (B9) (2008) 14377-14381.

L. Alzahrani, H.A. El-Ghamry, A.L. Saber, G.I. Mohammed, Spectrophotometric
determination of mercury(Il) ions in laboratory and zamzam water using bis
Schiff base ligand based on 1,2,4-triazole-3,5-diamine and o-vaniline, Arab. J.
Chem. 16 (1) (2022), 104418, https://doi.org/10.1016/j.arabjc.2022.104418.

S. O. Tiimay and S. Yesilot, Highly selective ‘turn-on’ fluorescence determination
of mercury ion in food and environmental samples through novel anthracene and
pyrene appended Schiff bases, J. Photochem. Photobiol. A: Chem., 407(2021)
10.1016/j.jphotochem.2020.113093.

D. Karak, S. Lohar, A. Sahana, S. Guha, A. Banerjee, D. Das, An Al 3+ induced
green luminescent fluorescent probe for cell imaging and naked eye detection,
Anal. Methods 4 (7) (2012) 1906-1908, https://doi.org/10.1039/c2ay25226k.
C.J. Liu, et al., Novel optical selective chromone Schiff base chemosensor for Al3
+ ion, J. Lumin. 158 (2015) 172-175, https://doi.org/10.1016/j.
jlumin.2014.09.037.

C. Immanuel David, et al., Experimental and theoretical studies on a simple S-S-
bridged dimeric Schiff base: selective chromo-fluorogenic chemosensor for
nanomolar detection of Fe2+ & Al3+ ions and its varied applications, ACS Omega
5 (6) (2020) 3055-3072, https://doi.org/10.1021/acsomega.9b04294.

A.L. Wani, A. Ara, J.A. Usmani, Lead toxicity: A review, Interdiscip. Toxicol. 8 (2)
(2015) 55-64, https://doi.org/10.1515/intox-2015-0009.

M. Markowitz, Lead poisoning: A disease for the next millennium, Curr. Probl.
Pediatr. 30 (3) (2000) 62-70, https://doi.org/10.1067/mps.2000.104053.

K. Rout, A.K. Manna, M. Sahu, J. Mondal, S.K. Singh, G.K. Patra, Triazole-based
novel bis Schiff base colorimetric and fluorescent turn-on dual chemosensor for
Cu2-+ and Pb2+: Application to living cell imaging and molecular logic gates, RSC
Adv. 9 (44) (2019) 25919-25931, https://doi.org/10.1039/c9ra03341f.

T. Jeong, H.K. Lee, D.C. Jeong, S. Jeon, A lead(II)-selective PVC membrane based
on a Schiff base complex of N, N'-bis(salicylidene)-2,6-pyridinediamine, Talanta

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

65 (2 SPEC. ISS) (2005) 543-548, https://doi.org/10.1016/j.
talanta.2004.07.016.

M.R. Ganjali, P. Norouzi, F. Faridbod, M. Ghorbani, M. Adib, Highly selective and
sensitive chromium(III) membrane sensors based on a new tridentate Schiff’s
base, Anal. Chim. Acta 569 (1-2) (2006) 35-41, https://doi.org/10.1016/j.
aca.2006.03.105.

B. Musikavanhu, et al., Turn-off detection of Cr(III) with chelation enhanced
fluorescence quenching effect by a naphthyl hydrazone Shiff base chemosensor,
Spectrochim. Acta A Mol. Biomol. Spectrosc. 281 (2022), 121599, https://doi.
org/10.1016/j.saa.2022.121599.

G. Genchi, M.S. Sinicropi, G. Lauria, A. Carocci, A. Catalano, The effects of
cadmium toxicity, Int. J. Environ. Res. Public Health 17 (11) (2020) 1-24,
https://doi.org/10.3390/ijerph17113782.

M. R. Rahimzadeh, M. R. Rahimzadeh, S. Kazemi, A. A. Moghadamnia, Cadmium
toxicity and treatment: An update, Caspian J. Intern. Med., 8(3) (2017), 135-145,
10.22088/¢jim.8.3.135.

R.A. Bernhoft, Cadmium toxicity and treatment, Sci. World J. 2013 (2013),
https://doi.org/10.1155/2013/394652.

M. Rodriquez-Serrano, N.M. De la Casa, M.C. Romero-Puertas, L.A. del Rio, L.
M. Sandalio, Cadmium toxicity in plants, Ecosistemas 17 (3) (2008) 139-146,
https://doi.org/10.1016/b978-0-12-815794-7.00008-4.

D. Ayodhya, G. Veerabhadram, Fabrication of Schiff base coordinated ZnS
nanoparticles for enhanced photocatalytic degradation of chlorpyrifos pesticide
and detection of heavy metal ions, J. Materiomics 5 (3) (2019) 446-454, https://
doi.org/10.1016/j.jmat.2019.02.002.

D. Ayodhya, G. Veerabhadram, Synthesis and characterization of N, O-donor
Schiff base capped ZnS NPs as a sensor for fluorescence selective detection of Fe 3
+, Cr 2+ and Cd 2+ ions, Mod. Electron. Mater. 4 (4) (2018) 151-162, https://
doi.org/10.3897/j.moem.4.4.35062.

1. Over, Chapter 4 Naphthalene based fluorescent chemosensors for detection of
Fe 2+ and Fe 3+.

S. Gurusamy, K. Krishnaveni, M. Sankarganesh, V. Sathish, P. Thanasekaran,

A. Mathavan, Multiple target detection and binding properties of naphthalene-
derived Schiff-base chemosensor, J. Mol. Liq. 325 (2021), 115190, https://doi.
0rg/10.1016/j.molliq.2020.115190.

P. Saluja, H. Sharma, N. Kaur, N. Singh, D.O. Jang, Benzimidazole-based imine-
linked chemosensor: Chromogenic sensor for Mg2-+ and fluorescent sensor for Cr3
+, Tetrahedron 68 (10) (2012) 2289-2293, https://doi.org/10.1016/j.
tet.2012.01.047.

S. Anbu, A. Paul, K. Surendranath, N.S. Solaiman, A.J.L. Pombeiro,

A benzimidazole-based new fluorogenic differential/sequential chemosensor for
Cu2+, Zn2+, CN-, P2074-, DNA, its live-cell imaging and pyrosequencing
applications, Sens. Actuators B 337 (December) (2021) 2020, https://doi.org/
10.1016/j.snb.2021.129785.

N. Sidana, P. Devi, H. Kaur, Thiophenol amine-based Schiff base for colorimetric
detection of Cu2+ and Hg2+ ions, Opt. Mater. 124 (2022), 111985, https://doi.
org/10.1016/j.optmat.2022.111985.

M. Shakir, A. Abbasi, Solvent dependant isatin-based Schiff base sensor as
fluorescent switch for detection of Cu2+ and S2— in human blood serum, Inorg.
Chim. Acta 465 (2017) 14-25, https://doi.org/10.1016/j.ica.2017.04.057.

X. Niu, H. Zhang, X. Wu, S. Zhu, Y. Liu, M. Tian, An AlE-active ‘turn-off’
fluorescent sensor for highly selective and sensitive detection of Cu2+ ions,

J. Mol. Struct. 1264 (2022), 133294, https://doi.org/10.1016/j.
molstruc.2022.133294.

M.A. Assiri, A.G. Al-Sehemi, M. Pannipara, AIE based ‘on-off” fluorescence probe
for the detection of Cu2+ ions in aqueous media, Inorg. Chem. Commun. 99
(2019) 11-15, https://doi.org/10.1016/j.inoche.2018.11.001.

M.R. Ganjali, A. Daftari, P. Nourozi, M. Salavati-Niasari, Novel Y(III) PVC-based
membrane microelectrode based on a new S-N Schiff’s base, Anal. Lett. 36 (8)
(2003) 1511-1522, https://doi.org/10.1081/AL-120021533.

E.E. Connor, J. Mwamuka, A. Gole, C.J. Murphy, M.D. Wyatt, Gold nanoparticles
are taken up by human cells but do not cause acute cytotoxicity, Small 1 (3)
(2005) 325-327, https://doi.org/10.1002/smll.200400093.

NardNardon, Chiara, Giulia Boscutti, and Dolores Fregona. "Beyond platinums:
gold complexes as anticancer agents." Anticancer research 34, no. 1 (2014): 487-
492.0n, Chiara, Giulia Boscutti, and Dolores Fregona. "Beyond platinums: gold
complexes as anticancer agents." Anticancer research 34, no. 1 (2014): 487-492.
Sanchita Mondal, Saikat Kumar Manna, Sudipta Pathak, Aritri Ghosh, Pallab
Datta, Debasish Mandal, and Subrata Mukhopadhyay. "A “turn-on” fluorescent
and colorimetric chemodosimeter for selective detection of Au 3+ ions in solution
and in live cells via Au 3+-induced hydrolysis of a rhodamine-derived Schiff base,
New Journal of Chemistry 44 (19) (2020) 7954-7961.

N. Hadrup, H.R. Lam, Oral toxicity of silver ions, silver nanoparticles and
colloidal silver - A review, Regul. Toxicol. Pharm. 68 (1) (2014) 1-7, https://doi.
org/10.1016/j.yrtph.2013.11.002.

H.T. Ratte, Bioaccumulation and toxicity of silver compounds: A review, Environ.
Toxicol. Chem. 18 (1) (1999) 89-108, https://doi.org/10.1002/etc.5620180112.
A.K.K. Bhasin, et al., A novel approach to explore organochalcogen chemistry of
tellurium based receptor for selective determination of silver ions in aqueous
medium, Polyhedron 125 (2017) 238-245, https://doi.org/10.1016/j.
poly.2016.11.048.

P.-F. Hsu, Y. Chen, Synthesis of a pyrene-derived schiff base and its selective
fluorescent enhancement by zinc and aluminum ions, Int. J. Org. Chem. 08 (02)
(2018) 207-228, https://doi.org/10.4236/ijoc.2018.82016.


https://doi.org/10.1016/j.msec.2012.05.005
https://doi.org/10.1016/j.msec.2012.05.005
https://doi.org/10.1002/jccs.201400394
https://doi.org/10.1002/jccs.201400394
https://doi.org/10.1002/slct.202000652
https://doi.org/10.1002/slct.202000652
https://doi.org/10.1007/s10895-022-02985-4
https://doi.org/10.1016/j.jhazmat.2017.09.028
https://doi.org/10.1016/j.jhazmat.2017.09.028
https://doi.org/10.1039/c3cs60368g
https://doi.org/10.1039/c3cs60368g
https://doi.org/10.1039/c8ob02218f
https://doi.org/10.1002/bio.1369
https://doi.org/10.1016/j.aca.2016.09.036
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0905
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0905
https://doi.org/10.1021/acs.inorgchem.8b02201
https://doi.org/10.1021/acs.inorgchem.8b02201
https://doi.org/10.1016/j.envpol.2018.06.077
https://doi.org/10.1007/s10895-016-1793-4
https://doi.org/10.1016/j.synthmet.2011.11.003
https://doi.org/10.1007/s12039-020-01789-y
https://doi.org/10.1007/s12039-020-01789-y
https://doi.org/10.1016/j.saa.2021.120338
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0940
http://refhub.elsevier.com/S0020-1693(23)00235-9/h0940
https://doi.org/10.1016/j.arabjc.2022.104418
https://doi.org/10.1039/c2ay25226k
https://doi.org/10.1016/j.jlumin.2014.09.037
https://doi.org/10.1016/j.jlumin.2014.09.037
https://doi.org/10.1021/acsomega.9b04294
https://doi.org/10.1515/intox-2015-0009
https://doi.org/10.1067/mps.2000.104053
https://doi.org/10.1039/c9ra03341f
https://doi.org/10.1016/j.talanta.2004.07.016
https://doi.org/10.1016/j.talanta.2004.07.016
https://doi.org/10.1016/j.aca.2006.03.105
https://doi.org/10.1016/j.aca.2006.03.105
https://doi.org/10.1016/j.saa.2022.121599
https://doi.org/10.1016/j.saa.2022.121599
https://doi.org/10.3390/ijerph17113782
https://doi.org/10.1155/2013/394652
https://doi.org/10.1016/b978-0-12-815794-7.00008-4
https://doi.org/10.1016/j.jmat.2019.02.002
https://doi.org/10.1016/j.jmat.2019.02.002
https://doi.org/10.3897/j.moem.4.4.35062
https://doi.org/10.3897/j.moem.4.4.35062
https://doi.org/10.1016/j.molliq.2020.115190
https://doi.org/10.1016/j.molliq.2020.115190
https://doi.org/10.1016/j.tet.2012.01.047
https://doi.org/10.1016/j.tet.2012.01.047
https://doi.org/10.1016/j.snb.2021.129785
https://doi.org/10.1016/j.snb.2021.129785
https://doi.org/10.1016/j.optmat.2022.111985
https://doi.org/10.1016/j.optmat.2022.111985
https://doi.org/10.1016/j.ica.2017.04.057
https://doi.org/10.1016/j.molstruc.2022.133294
https://doi.org/10.1016/j.molstruc.2022.133294
https://doi.org/10.1016/j.inoche.2018.11.001
https://doi.org/10.1081/AL-120021533
https://doi.org/10.1002/smll.200400093
http://refhub.elsevier.com/S0020-1693(23)00235-9/h1085
http://refhub.elsevier.com/S0020-1693(23)00235-9/h1085
http://refhub.elsevier.com/S0020-1693(23)00235-9/h1085
http://refhub.elsevier.com/S0020-1693(23)00235-9/h1085
http://refhub.elsevier.com/S0020-1693(23)00235-9/h1085
https://doi.org/10.1016/j.yrtph.2013.11.002
https://doi.org/10.1016/j.yrtph.2013.11.002
https://doi.org/10.1002/etc.5620180112
https://doi.org/10.1016/j.poly.2016.11.048
https://doi.org/10.1016/j.poly.2016.11.048
https://doi.org/10.4236/ijoc.2018.82016

P. Kaswan

[222]

[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

Z. Aydin, M. Keles, Colorimetric detection of copper(Il) ions using Schiff-base
derivatives, ChemistrySelect 5 (25) (2020) 7375-7381, https://doi.org/10.1002/
slct.202001041.

M. Sadia, et al., Schiff-based fluorescent-ON sensor L synthesis and its application
for selective determination of cerium in aqueous media, J. Sens. 2020 (2020),
https://doi.org/10.1155/2020/2192584.

X. Liu, et al., One nanoscale Zn(II)-Nd(III) complex with Schiff Base ligand: NIR
luminescent sensing of anions and nitro explosives, Front. Chem. 8 (October)
(2020) 1-6, https://doi.org/10.3389/fchem.2020.536907.

C. Garcias-Morales, et al., Synthesis and physicochemical characterization of
Schiff bases used as optical sensor for metals detection in water, J. Mol. Struct.
1228 (2021), https://doi.org/10.1016/j.molstruc.2020.129444.

G. Dong, K. Duan, Q. Zhang, Z. Liu, A new colorimetric and fluorescent
chemosensor based on Schiff base-phenyl-crown ether for selective detection of
Al3+ and Fe3+, Inorg. Chim. Acta, 487 (2019) 322-330, 10.1016/j.
ica.2018.12.036.

0. Ozdemir, Novel symmetric diimine-Schiff bases and asymmetric triimine-Schiff
bases as chemosensors for the detection of various metal ions, J. Mol. Struct. 1125
(2016) 260-271, https://doi.org/10.1016/j.molstruc.2016.06.074.

J. Jia, H. Zhao, A multi-responsive AlE-active tetraphenylethylene-functioned
salicylaldehyde-based Schiff base for reversible mechanofluorochromism and Zn2
+ and CO32— detection, Org. Electron. 73 (2019) 55-61, https://doi.org/
10.1016/j.0rgel.2019.05.050.

A.K. Manna, M. Sahu, K. Rout, U.K. Das, G.K. Patra, A highly selective novel
multiple amide based Schiff base optical chemosensor for rapid detection of Cu2+
and its applications in real sample analysis, molecular logic gate and smart phone,
Microchem. J. 157 (2020), 104860, https://doi.org/10.1016/j.
microc.2020.104860.

M. Rahimi, A. Amini, H. Behmadi, Novel symmetric Schiff-base benzobisthiazole-
salicylidene derivative with fluorescence turn-on behavior for detecting Pb2+
ion, J. Photochem. Photobiol. A Chem. 388 (2020), 112190, https://doi.org/
10.1016/j.jphotochem.2019.112190.

Y. Liu, et al., Self-assembled naphthylidene-containing Schiff base anchored
polystyrene nanocomposites targeted for selective Cu(I) ion removal from
wastewater, ACS Omega 4 (7) (2019) 12098-12106, https://doi.org/10.1021/
acsomega.9b01205.

A. Senthil Murugan, M. Kiruthika, E.R. Abel Noelson, P. Yogapandi, G. Gnana
kumar, J. Annaraj, Fluorescent sensor for in-vivo bio-imaging, precise tracking of
Fe3+ ions in Zebrafish embryos and visual measuring of Cu2+ ions in pico-molar
level, Arab. J. Chem. 14 (1) (2021), 102910, https://doi.org/10.1016/j.
arabjc.2020.11.016.

J. Al Anshori, et al., A new highly selective ‘off-on’ typical chemosensor of Al3+,
1-(¢: Z)-((E)-(3,5-dichloro-2-hydroxybenzylidene)hydrazono)methyl)
naphthalene-2-ol, an experimental and in silico study, RSC Adv. 12 (5) (2022)
2972-2979, https://doi.org/10.1039/d1ra08232a.

G. He, et al., A coumarin-based fluorescence probe for selective recognition of
Cu2+ ions and live cell imaging, J. Sens. 2019 (2019), https://doi.org/10.1155/
2019/2814947.

B.K. Kundu, R. Singh, R. Tiwari, D. Nayak, S. Mukhopadhyay, An amide probe as
a selective Al3+ and Fe3+ sensor inside the HeLa and a549 cell lines: Pictet-
Spengler reaction for the rapid detection of tryptophan amino acid, New J. Chem.
43 (12) (2019) 4867-4877, https://doi.org/10.1039/c9nj00138g.

K. Poongodi, P. Saravana Kumar, R. Shanmugapriya, C. Nandhini, K.P. Elango, 2-
Aminophenols based Schiff bases as fluorescent probes for selective detection of
cyanide and aluminium ions — Effect of substituents, Spectrochim. Acta - Part A:
Mol. Biomol. Spectrosc. 249 (2021), 119288, https://doi.org/10.1016/j.
saa.2020.119288.

A. Goel, N. Tomer, V.D. Ghule, R. Malhotra, A multi-responsive pyranone based
Schiff base for the selective, sensitive and competent recognition of copper metal
ions, Spectrochim. Acta - Part A: Mol. Biomol. Spectrosc. 249 (2021), 119221,
https://doi.org/10.1016/j.saa.2020.119221.

[238]

[239]

[240]

[241]

[242]

[243]

[244]

[245]

[246]

[247]

[248]

L.M. Pu, et al., A newly synthesized visual bis(salamo)-based fluorescent
chemosensor for exogenous detection of B4072— in living cells and zebrafish,
Spectrochim. Acta - Part A: Mol. Biomol. Spectrosc. 249 (2021), 119263, https://
doi.org/10.1016/j.saa.2020.119263.

D. Mohanasundaram, R. Bhaskar, G. Gangatharan Vinoth Kumar, J. Rajesh, G.
Rajagopal, A quinoline based Schiff base as a turn-on fluorescence chemosensor
for selective and robust detection of Cd2+ ion in semi-aqueous medium,
Microchem. J., 164(October 2020) (2021) 15-18, 10.1016/j.microc.2021.106030.
G. Bartwal, K. Aggarwal, J.M. Khurana, Quinoline-ampyrone functionalized azo
dyes as colorimetric and fluorescent enhancement probes for selective aluminium
and cobalt ion detection in semi-aqueous media, J. Photochem. Photobiol. A
Chem. 394, no. March (2020), 112492, https://doi.org/10.1016/j.
jphotochem.2020.112492.

W. Zhang, C. Yu, M. Yang, S. Wen, J. Zhang, Characterization of a Hg2-+-selective
fluorescent probe based on rhodamine b and its imaging in living cells, Molecules
26 (11) (2021) 1-9, https://doi.org/10.3390/molecules26113385.

B. Li, X. Gu, M. Wang, X. Liu, K. Xu, A novel ‘off-on-off’ fluorescent probe for
sensing of Fe3+ and F— successively in aqueous solution and its application in
cells, Dyes Pigm. 194, no. May (2021), 109637, https://doi.org/10.1016/].
dyepig.2021.109637.

S.Q. Makki, N.M.A. Alhussein, H.H. Tizkam, A.A. Balakit, Highly sensitive and
selective colorimetric sensor for iron (II) ion detection based on 4-amino-anti-
pyrine derivative, AIP Conf. Proc. 2290 (December) (2020), https://doi.org/
10.1063/5.0027459.

N.H. Kim, J. Lee, S. Park, J. Jung, D. Kim, A Schiff base fluorescence enhancement
probe for Fe(III) and its sensing applications in cancer cells, Sensors (Switzerland)
19 (11) (2019) pp, https://doi.org/10.3390/519112500.

J.L. Bricks, et al., On the development of sensor molecules that display Felll-
amplified fluorescence, J. Am. Chem. Soc. 127 (39) (2005) 13522-13529,
https://doi.org/10.1021/ja050652t.

K.S.A. Melha, In-vitro antibacterial, antifungal activity of some transition metal
complexes of thiosemicarbazone Schiff base (HL) derived from N4-(7'-
chloroquinolin-4’-ylamino) thiosemicarbazide, J. Enzyme Inhib. Med. Chem. 23
(4) (2008) 493-503, https://doi.org/10.1080/14756360701631850.

W.M.I. Hassan, E.M. Zayed, A.K. Elkholy, H. Moustafa, G.G. Mohamed,
Spectroscopic and density functional theory investigation of novel Schiff base
complexes, Spectrochim. Acta - Part A: Mol. Biomol. Spectrosc. 103 (2013)
378-387, https://doi.org/10.1016/j.saa.2012.10.058.

Poonam Kaswan, Preeti Oswal, Arun Kumar, Chandra Mohan Srivastava,

Vaya Dipti, Varun Rawat, Kamal Nayan Sharma, Rao Gyandshwar Kumar, SNS
donors as mimic to enzymes, chemosensors, and imaging agents, Inorganic
Chemistry Communications 136 (2022) 109140.

| Poonam Kaswan belongs to Churu (Rajasthan), India. She
received her M Tech degree from the Indian Institute of
Technology, New Delhi, India (2012). She taught at the college
education department for six years (2012-18). She researched
(2018-2023) “Transition Metal Complexes of Bi and Tridentate
(N, S, O) Donor Ligands in Catalysis and Metal Ion Detection”
for her Ph.D. in Chemistry at Amity University, Haryana. Two
of her publications have appeared in international journals
with two book chapters.


https://doi.org/10.1002/slct.202001041
https://doi.org/10.1002/slct.202001041
https://doi.org/10.1155/2020/2192584
https://doi.org/10.3389/fchem.2020.536907
https://doi.org/10.1016/j.molstruc.2020.129444
https://doi.org/10.1016/j.molstruc.2016.06.074
https://doi.org/10.1016/j.orgel.2019.05.050
https://doi.org/10.1016/j.orgel.2019.05.050
https://doi.org/10.1016/j.microc.2020.104860
https://doi.org/10.1016/j.microc.2020.104860
https://doi.org/10.1016/j.jphotochem.2019.112190
https://doi.org/10.1016/j.jphotochem.2019.112190
https://doi.org/10.1021/acsomega.9b01205
https://doi.org/10.1021/acsomega.9b01205
https://doi.org/10.1016/j.arabjc.2020.11.016
https://doi.org/10.1016/j.arabjc.2020.11.016
https://doi.org/10.1039/d1ra08232a
https://doi.org/10.1155/2019/2814947
https://doi.org/10.1155/2019/2814947
https://doi.org/10.1039/c9nj00138g
https://doi.org/10.1016/j.saa.2020.119288
https://doi.org/10.1016/j.saa.2020.119288
https://doi.org/10.1016/j.saa.2020.119221
https://doi.org/10.1016/j.saa.2020.119263
https://doi.org/10.1016/j.saa.2020.119263
https://doi.org/10.1016/j.jphotochem.2020.112492
https://doi.org/10.1016/j.jphotochem.2020.112492
https://doi.org/10.3390/molecules26113385
https://doi.org/10.1016/j.dyepig.2021.109637
https://doi.org/10.1016/j.dyepig.2021.109637
https://doi.org/10.1063/5.0027459
https://doi.org/10.1063/5.0027459
https://doi.org/10.3390/s19112500
https://doi.org/10.1021/ja050652t
https://doi.org/10.1080/14756360701631850
https://doi.org/10.1016/j.saa.2012.10.058
http://refhub.elsevier.com/S0020-1693(23)00235-9/opthh002XG8oo
http://refhub.elsevier.com/S0020-1693(23)00235-9/opthh002XG8oo
http://refhub.elsevier.com/S0020-1693(23)00235-9/opthh002XG8oo
http://refhub.elsevier.com/S0020-1693(23)00235-9/opthh002XG8oo

	Chalcogenated Schiff base ligands utilized for metal ion detection
	1 Introduction
	2 Metal ions toxicity
	3 Chalcogenated Schiff base sensors
	4 Mechanistic strategies based on colorimetric and fluorometric analysis
	4.1 Photoinduced electron transfer
	4.2 Intra/intermolecular charge transfer (ICT)
	4.3 Ligand to metal charge transfer (LMCT)
	4.4 Forster resonance energy transfer (FRET)
	4.5 Excited spin intramolecular proton transfer (ESIPT)
	4.6 The inner filter effect
	4.7 Metal-induced chemical change and CN isomerization
	4.8 CHEF effect
	4.9 Fluorescence quenching mechanism
	4.10 Excimer/exciplex formation
	4.11 Aggregation/Disaggregation

	5 Various transition metal and heavy metal ion sensing
	5.1 Hg2+ detection
	5.2 Al3+ metal detection
	5.3 Pb2+ detection
	5.4 Cr3+ ion detection
	5.5 Cadmium ion detection
	5.6 Fe2+ and Fe3+ ions
	5.7 Cobalt ion detection
	5.8 Zinc detection
	5.9 Cu ion sensing
	5.10 Au3+ probe
	5.11 Silver ion detection
	5.12 Another metal-Yttrium

	6 Advantages
	7 Disadvantages
	8 Future prospective
	9 Conclusions
	Declaration of Competing Interest
	Data availability
	References


