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Chapter-1I
INTRODUCTION

11 Sensors

A sensor is a device, module or a machine that can detect and respond to certain
types of inputs from its physical environment. The specific environmental inputs are for
example light, motion, heat, humidity, pressure, etc., The output is a signal, which is
transferred to a readable data display at the sensor location (or) electronically sent over the
network for reading and further processing.[1] The sensor produces an electrical
signal/optical signal using multiple technologies proportional to the inputs. These signals
are either interpreted into a readable format or passed on to the next stage for further
processing. Sensors are broadly grouped into analog and digital sensors. Analog sensors
measure physical variables status whereas digital the exact value. Sensors make human life
significantly more accessible and better in almost every field. At present different variety
of sensors are accessible (Fig-1) that are temperature, ultrasonic, proximity, light, pressure,
smoke, infra-red, accelerometer, alcohol, gas, etc. The best example of a sensor is a
mercury-based glass thermometer which measures the temperature of the environment
(temperature input), oxygen sensor in automobiles is used as emission control which
measures the oxygen level in the exhaust gases. Nowadays a variety of motion sensors are
available including automatic doors, entryway lighting, hand dryers, automatic ticket gates,
home security lights, bathroom fixtures, etc., which all emit certain types of energy, such as
microwaves, ultrasonic waves, or light beams, and detect when the flow of energy is
interrupted by something entering its path. Likewise, a photosensor is the sensor of light as
well as other magnetic radiations of infrared transmission (IR), ultraviolet, and visible light

(UV) energy. [2]
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Figure-1: Different types of Sensors

Researchers and experts classify the sensors into active and passive types. The active
sensor needs an external trigger/ signal/ power signal to work, on the other hand, passive
sensors require no external power to generate the output response. Sensors are integrated
into independent devices, conventional products, or machines for smart use. This allows
one to measure the amount of noise in a particular system. In smart city solutions, acoustic
sensor systems can detect and deliver data to avoid noise pollution. The most common use
of sensors can be conceived as a smart building system. The technology can continuously
monitor and record physiological and external data as uniquely as sensor technology.
Temperature sensors can be used in almost all systems, probably the most adaptive smart
sensor. These can monitor, measure, and alert an operator or emergency shutdown system
to the temperature of an engine in an industrial environment. This technology can measure
and monitor blood flow during various medical procedures, monitor heat losses of buildings

and structures, and many more.

1.1.1 Chemosensors

Several types of sensors are described such as pH sensors, metal cation sensors,
anion sensors, small-molecule sensors, nucleic acid sensors, protein sensors, cellular
sensors. All the sensors are categorized into chemical sensors, biosensors, biological

sensors, chemosensors, intrinsic fluorescence probes, conjugate fluorescence probes.
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Chemical sensors are the macro (or) microdevices that signal the reversible interaction of
the chemical analyte with signal transduction. [3,4] Biological sensors are the macro (or)
microdevice that detects the reversible interaction of the biological analyte with signal
transduction. Biosensors are molecules from a biotic origin that can signal the presence of
energy or matter. Like that chemosensor is the molecule from the abiotic origin which can
signal in the presence of energy or matter. A chemosensor is a molecular system of sensory
receptors which can accurately interact with the analyte and send the information
(interaction and physiochemical changes data) by generating signals. It is also known as a
chemoreceptor or molecular sensor which detects certain chemical stimuli in the
environment or other hand it's a cell or group of cells that transduce a chemical signal into
an action potential. The working action of the chemosensor is depends on the interaction at
the molecular level which continuously monitors the interaction of chemical species in given
matrix-like blood, solution, tissue, air, drinking water, waste effluent, etc. Usually, all
chemosensor designs consist of signaling moiety and recognition group which is connected
directly by each other (or) through spacer/connector. Optically based electromagnetic
radiation signaling is produced which was raised by changing the UV-Visible emission or
absorption behavior of the sensors. Chemosensors are electrochemically based small
molecule sensors which are considered analytical devices. It is structurally simple molecules
and is a synthetic analog of biosensors. Mostly these molecules are from a synthetic origin
that signals the presence of matter or energy. [5] All the chemosensors are sensory receptors
that will specifically interact with the analyte (or) mixture of analytes and remit the
information by producing detectable signals. Commonly, such chemosensor consists of
recognition group as well as signaling moiety. Recognition groups responsible for the
efficiency and selectivity of binding and signaling moiety convert the information (data)

into detectable signals.



The new and well-organized chemosensors should interact with the targeted analyte
in the presence of the co-existing analyte, exhibits the results in an analytical form that can
be quantitative and qualitative, should be non-toxic in biological applications, and stable in
the range of biological pH. Emissive chemosensor increased interest because of its high
sensitive photophysical properties in the microenvironment. Optical signals provide detailed
information on its local physical parameters such as rigidity and hydrophobicity, and
chemical properties like concentration and pH of the analyte. The evolution of luminescent
organometallic and inorganic transition—metal complexes chemosensors gets more attention
owing to its long-lived and more intense photoluminescence with large stokes shift. The
magnitude of emission energy of such chemosensors can also be controlled by using the
numerous organic and inorganic ligands. Moreover, plenty of lanthanide chelates can be
applied as the effective sensor that shows narrow emission bands resulting from the f-f
transition. In everyday life, chemosensors are applied in nhumerous science areas such as
physiology, biochemistry, chemistry, immunology, medicine, etc. Phenolphthalein is also a
sensing device that can detect the concentration of hydrogen ions in the analyte. In addition,
it is an abiotic molecule that can also sense the abiotic analyte. It acts as the simplest

chemosensor, at sufficient concentration of OH™ ions.

Chemosensors are designed with recognition groups and signaling moiety to detect
and signal the single or mixture of analytes in solution. Moreover, it can measure by single
measurement or by continuous monitoring. Signaling moiety has been at the signal
transducer which converts the information into readable optical response in a reproducible
and clear manner. [6] Commonly, the signal is received by measuring several photophysical
properties perceived in the emission or absorption when using the different wavelengths of
the electromagnetic spectrum. Subsequently, chemosensors can be described as being any
colorimetric (ground state) or luminescent (phosphorescent, fluorescent, excited state).

Colorimetric chemosensor observes the changes in their absorption properties like

4



wavelength, absorption intensity (measured by UV-Visible spectroscopy), or chirality
(measure by CD spectroscopy and circularly polarized light). In a luminescent chemosensor,
the analyte is analyzed by using fluorescence spectroscopy (fluorescence emission or
excitation spectra) (Fig. 2).

Analyte

Recognition Recognition
Group

Spacer
Analyte

Signaling Change in
Unit Optical Signal

Figure-2: Working action of Chemosensor

1.1.2 Advantage of fluorescent chemosensor

For more than 150 years fluorescent chemosensor-based sensors are investigated by
numerous researchers for the detection of environmentally and biologically important
species like neutral, anion, and cation types of small molecules and also bio-macromolecules
of DNA, proteins, etc. Moreover, analysis executes advanced microscopic imaging
technology. In 1867 flourescent chemosensor was first reported by scientist F. Goppelsroder
and developed the method for determining the AI®* ion (aluminum ions) by creating the
strongly fluorescent morin chelate.[7] This drive to develop several fluorescent
chemosensors which determine the metal ions, over the subsequent decades. In earlier
fluorescent chemosensors mainly concentrated the detection of metal ions rather sensing of
neutral or anion species which is due to the significant binding ability of metal ions in water
being effortless than neutral or anion species. De Silva and Czarnik are the fathers of
modern chemosensors (1980) who validated and witness the explosive growth of

chemosensors.[8,9]



1.2. Mechanism of fluorescent chemosensor

In past decades the utmost important chemosensors are fluorescent chemosensors in
which fluorometry techniques are used to analyze the chemical sensing probes. Nowadays
Fluorescence-based sensors are a rapidly developing field in research and are getting more
attention in recent days owing to their advantages of simple method, highly sensitive, more
selective, very feasible, rapid response time, and have greater potential use in medicinal and
environmental research.[10] Sensing multiple analytes using a single chemosensor is a
challenging task because it elicits numerous responses by the molecules of different
analytes. Such type of molecule should have multiple binding sites to give varied signal
transuding units or different binding modes (fluorophores/chromophore/redox-active
moiety), varied readout modes, or a combination of the above. Over the past few years,
chemosensors with the selectivity of two analytes have significant importance than others.
[11] A fluorescent chemosensor is such type of economically beneficial one that senses the
two types of analytes. Two analyte molecular receptors are used for the structure of
molecular logic gates where an emission output instead of differentiation of response by
multiple analytes is important. Intrinsic fluorescence probes are the chemosensors in which
the interaction of the analyte with the ligand of fluorophore signaled by signal transduction.
Similarly, in conjugate fluorescence probes interaction of the analyte with the ligand of
fluorophore & - system (electronically insulated). Signal transduction is the mechanism of
interaction of the analyte with the sensor. There are so many mechanisms as well as reasons
for choosing fluorescence as the optimal signal transduction. Fluorescence is a highly
sensitive technique because it's observed longer wavelength than that of the exciting
wavelength. Accordingly, it may read versus zero or near zero for appropriate fluorophores,
hence fluorescence of even signal molecules can also be observed.[12] In a recent past

investigation of new/advanced mechanism of interaction of signaling group and recognition,



group influences the development of new fluorescent chemosensors. Designing the well-
organized and new fluorescent chemosensors is the challenging one practically. From the
molecular level fundamental photophysical mechanism and supramolecular chemistry

principle concept, chemist develops fluorescent chemosensors.

Fluorescent chemosensors measure the photophysical properties changes of
intensity of fluorescence, emission spectra shifts, and molecule's decay life on interacting
with an analyte of anion, neutral, or cation molecule via fluorescent modulation. To be
successive fluorescent chemosensors, it would selectively bind with the desired analyte in
presence of co-existing analytes, in the presence of dissolved oxygen it should be photo-
stable, must possess intense fluorescence, less toxic, emission wavelength should exceed
500nm to reduce overlap with the autofluorescence emission of biological analytes/samples.
Recognition based on some parameters like solubility of the medium, ionic strength, pH,
and nature of the solvent (ability of hydrogen bonding, polarity, aprotic or protic solvents)
because which all affects the photophysical character of fluorophore and shifts the
fluorescence wavelength, selectivity and efficiency of the binding process. [13] The receptor
and fluorophore units are attached in two ways and are described in Fig. 3. Firstly, a spacer
is placed between the receptor and fluorophore which can avoid conjugations. In a second
way, a fluorophore is directly attached with the receptor which has the n-electron of the

fluorophore. Several types of signaling mechanisms are reported and are discussed below.
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Figure-3: Schematic diagram of two ways of binding of receptor and fluorophore

1.2.1 Photo-induced electron transfer (PET)

PET is the simple process of electron (e°) transfer mechanism which occurs when
light interacts with the particular photoactive material. It is usually a fluorophore-spacer-
receptor model which has the fluorophore site for both photonic transactions, receptor site
for both the de-complexation and complexation, spacer connects the receptor and
fluorophore (close to each other). Because of that, for the recognition of most of the analytes,
this mechanism/system is broadly used in florescent type sensors. [14] PET is categorized
into TURN — ON and TURN-OFF types. In the absence of an analyte when the PET sensor
absorbs energy the electron of a fluorophore is excited from HOMO to LUMO.
Simultaneously HOMO of the free receptor is at a higher level it facilitates PET from
HOMO of the free receptor to HOMO of the fluorophore that results in the blocking of
quenching of fluorescence or emission transition. [15] Once the analyte binds with the
receptor, the donor i.e receptor's redox potential increases, and it's lowered the HOMO than
the HOMO of the fluorophore. As a consequence, no PET arises that resulted in the
fluorescent enhancement of chromophore (Fig. 4). In some cases, the receptor is indirectly
involved in the photo-physical process. If LUMO of the receptor with the analyte is in

between HOMO and LUMO of the fluorophore, the LUMO of the analyte-bound receptor



offers a non-radiative pathway causing quenching of fluorescence. [16] Thus, in Turn-On
fluorescent sensor photoinduced electron transfer occurred by involving HOMO and LUMO
level of the fluorophore and HOMO level of the free receptor (before analyte binding).
While, in the Turn-Off fluorescent sensor PET involves, the HOMO and LUMO level of the

fluorophore and LUMO level of the analyte after the complex formation.

: LUMO-—l—-
hy m m
K| E
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Figure-4: Photo-induced electron transfer (PET) process

1.2.2 Chelation enhancement of fluorescence (CHEF)

In the ground state of a molecule an electron absorbs a photon to be excited to a
higher energy state. The resultant excited states lifetime determines the extent to which
fluorescence accompanies the return of the electron to the ground state (Fig. 5). Often the
lifetime of the excited state molecule is shortened so that little, if any, nonradiative
dissipation of energy is possible before the excited electron falls back to the ground state,
emitting a low energy photon as that absorbed. Under these circumstances the molecule is
weakly fluorescent at best and its fluorescence is said to be ‘quenched'. If metal ion binds to
such a molecule and disables the process which quenches its fluorescence, the molecule will

signal the metal ion binding by fluorescing strongly and there by act as a sensor.
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Figure-5. Schematic representation of CHEF-type metal chemosensor

1.2.3. Photo-Induced (or) Intramolecular Charge Transfer (PCT/ICT)

If the fluorophore has the electron-donating groups (-OCHs, -NH2, -NMey, etc.,) and
conjugate with the electron-withdrawing groups (-CN, >C=0, etc.,) the intermolecular
charge transfer occurs between the electron donor to electron acceptor at the excitation state
which is promoted by the appropriate wavelength of light radiation. [17, 18] PCT
commonly takes place with some subsequent changes associated with its dipole moment
change, and large Stoke shifts. Similarly, when the electron donor functional group in the
receptor interacts with the cation hence the electron-donating capability of the receptor gets
reduced. [19] Because of that reduction in conjugation take place and lead to a blue shift of
spectra as well as a decrease in the molar extinction coefficient. At the same time, an
electron-withdrawing group of receptors interacts with the cation, thus shifting the emission

spectra to redshift and along with that it increasing the molar extinction coefficient. [20, 21]

1.2.4. Paramagnetic Fluorescence Quenching Mechanism

Transition metals like Cu?*, Fe**, Ni?*, Co®*, etc form the paramagnetic class of
fluorescence quenching mechanism, owing to the half-filled or empty d-orbitals which
promote the quenching of intense fluorescence of fluorophore by transferring energy and
electron.[22-24] In many metal complexes, such type of phenomenon has occurred, because

a half-filled electron in the metal ion will strongly interact with the pi-electrons of a
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fluorophore and provides the platform for the intersystem crossing (ISC) process from the

singlet excited state of fluorophores to the higher multiplicity state.[25,26]
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Figure-6: Paramagnetic fluorescence quenching schematic diagram

1.2.5. Fluorescence Resonance Energy Transfer (FRET)

FRET is the distance-dependent physical phenomenon exhibited between the excited
states of (electronically) two different fluorophores in that the exciting energy is transferred
from the donor to an acceptor fluorophore via a non-radiative dipole-dipole coupling
process. If both the fluorophores are fluorescent then the mechanism is called fluorescence
resonance energy transfer.[27-29] Forster's theory state some factors to occur in the FRET
mechanism and are

> The acceptor fluorophore and donor fluorophore should be close between

10-100A.

> The donor fluorophores emission spectral should overlay with the absorption

spectra of acceptor fluorophore.

> The acceptor absorption moment and the donor emission dipole moments of

relative orientation should parallel each other.

In the FRET process, the presence of metal ions can move both the donor and

acceptors' fluorophores closer to each other (or) away from each other. When the metal ion
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binds the distance between both fluorophores to get decreased as a result the FRET process

is enhanced.
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Figure-7: FRET process schematic diagram

1.2.6. Excited —State Intramolecular Proton Transfer (ESIPT)

The most important photophysical phenomenon is ESIPT which is extremely used
in fluorescent chemosensors, light-emitting materials, and photochromic switching
devices.[30] The ESIPT process exclusively takes place between the proton acceptor (imine
nitrogen, carbonyl oxygen, etc.) and proton donors (NH2, OH, etc.) via intra-molecular
hydrogen bonding. At excitation state, the acidic proton move to the basic side and changed
the electronic distribution and structure of the chromophore.[31] Zhou et al. studied the
fluorescent chemosensor for the detection of AI** based napththalimide — rhodamine
compound. Initially, at the ground state, the chromophore was in enol form then it is
stabilized by the intramolecular hydrogen bonding. On absorption, they excited to the singlet
excited state of enol form without any geometrical changes.[32] followed by ultrafast ESIPT
by intermolecular hydrogen bonding which is stabilized by the keto form at the singlet
excited state. Compared to the fluorescence emission process ESIPT is a very fast process,
mostly keto tautomers are responsible for fluorescence emission. Besides, the keto form

geometry is relatively different from the keto form. Furthermore, the exo-cyclic double bond
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promotes the gap energy reduction between the So—S1 of keto form simultaneously it

causes the large stoke shift at ESIPT chromophores. [33]
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Figure-8: ESIPT Photophysical Cycle

1.2.7. Exciplex/Excimer Formation

Excited dimer or excimer are formed when the aromatic rings were joined by weak
interactions of n-stacking, then the electronic interaction of one aromatic ring enhances the
other neighboring ring for the interaction. This results from the formation of exciplex which
is the collision complexes and is formed at an excited state. These complexes occur between
the two distinct species or similar species of a fluorophore. [34,35] It is a reversible process
and both the excimer and monomers are luminescent chemical entities. This interaction
mainly occurs between the excited state molecules with the nearby ground state molecule
that can emit the fluorescence in a longer wavelength (short frequency) than that of
monomer. The resulting fluorescence band is mostly weak and broad type. [36] This is when
the excimer and analyte interact with each other and influences the strong fluorescence by
disturbing or enhancing exciplex/excimer. When two fluorophores species are attached in

the fluorescent chemosensor, the analyte complexation affects their mutual distance and the
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analyte quantitative measurement is analyzed by finding the fluorescence intensity ratio

between the monomer and excimer. [37]

1.3.  Aggregation-induced Emission (AIE)

Numerous AIE type fluorescents are known, AIE phenomenon is special, unique,
and mostly observed at organic luminescent materials and are applied in biosensors,
chemosensors (luminescent sensing materials), and also in light-emitting organic diodes.
Most of the organic molecules are planar structural patterns and in the liquid state possess
high photoemission efficacy than in the solid-state. [38] Such organic fluorophore’s
fluorescence efficiency is quenched as aggregated form via ACQ (Aggregation-Caused
Quenching) because of the photophysical characteristic effects and it limits their practical
applications. [39] To prevent such ACQ effect branched chains and bulky substituents are
covalently attached to the organic fluorophores and the chromophore side is protected by
cyclic molecular wires (via supramolecular interactions). Even though some organic
molecules show weak emission in a liquid state because of unhindered intramolecular
movements. When these weak molecules aggregate (i.e. solid form) the vibration, rotation,
and intramolecular motions of functional groups are restricted. Also, it exhibits high efficacy
of photoemission than in liquid such a process is called as AIE (Aggregation-Induced-
Emission) process. [40] The enhancement of photoemission of luminophores in a liquid
state than the solid is known as aggregation-induced emission enhancement. This
aggregation effect is changed by the guest molecules via the interactions of coordination,

electrostatic and hydrophobic (viscosity and polarity effects).

1.4.  Schiff bases
Generally, Schiff bases are ketone or aldehyde analog compounds in that carbonyl
groups are replaced by the azomethine or imine functional groups which have the general

formula of RR'C=N-R". Later, these compounds are named Hugo Schiff and also
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structurally known as azomethine or asimine. Schiff base compounds are broadly used for
industrial purposes also widely used in biological applications. From the literature reviews,
Schiff base compounds reveal promising biological applications such as anti-bacterial, anti-
viral, anti-fungal, anti-proliferative, anti-inflammatory, antimalarial, antipyretic, and anti-
malarial activities. [41] Primary amines react with ketones or aldehydes under aseptic
conditions schiff base compounds are synthesized. It is an analog of nitrogen of ketone or
aldehyde in which the C=0 group (carbonyl group) is replaced by an azomethine or imine
group. As it is an organic compound, extensively used as dyes and pigments, polymer
stabilizers, catalysts, and intermediates in synthesis. [42] Azomethine or imine groups are
found in numerous natural, non-natural, and natural derivatives which is the reason for its
biological potentials. In 1864 German chemist Hugo Schiff first reported the Schiff base
compound by condensing primary amine with the carbonyl compound. After that, he
investigated the complexation of metal-salicylaldehyde with the primary amines (2:1
stoichiometry ratio). Series of systematic study and inclusion is achieved and scrutinized
by the complexation of Schiff base and its derivatives. Schiff base compounds are performed
as highly selective and excellent sensing materials for electrochemical sensors, optical
sensors, and membrane sensors (diverse ion sensors). Based on the types and structure of
Schiff base the reactivity and its selective towards the metal ions is take place. Other than
this the ligand and metal electron configuration, metal ion charges, cavity size of the Schiff
base, the unique sizes of the ions, the hard and soft acid-base character of the Schiff base,
and metal interfering the reactivity and selectivity of the complexation. The coordination
center environment of the Schiff base metal complexes can be changed by attaching the
various substituents to the ligand which can affect the reactivity of the compound by
modifying its electronic and steric properties. The d-block and p-block metal-based Schiff
base complexes effectively act as a catalyst in the synthesis process and also in numerous

useful reactions. High quality/class of polymers is synthesized with aid of palladium and
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ruthenium Schiff base-complex catalyst. Katsuki's review summarised the salen metal
complexes (cis-Metallo-salen) and the Schiff base-related ligands with their structural
aspects and their applications in asymmetric catalysis. [43] Oxidation of olefin by Mn(Il)
amino acid-Schiff base complex synthesized by Wang et al. in 1999. [44] Gupta and Sutar
studied the catalytic behavior of transition metal-based Schiff base complexes on various
reactions of polymerizations, hydrogenations, ring closures, oxidation, and coupling. In
recent days homogeneous and heterogeneous catalysts acquire more attention owing
recyclability and selectivity of the catalysts.[45] Though homogeneous catalysts are more
relevant due to their arrival of mechanism, the ligand 2,2'-bis (diphenylphosphino)-1,1'-
binaphthyl) (BINAP) is a more popular organophosphorus compound for its
stereoselectivity. Chen and huang reported the BINAP Schiff base compounds as a catalyst
for the organic stereoselective transformations of aldol reactions, N-sulfonylaziridine,
Diels-Alder reactions, Baeyer-villiger oxidation of aryl cyclobutanone, alkene epoxidation,

and hydroxylation of styrene.[46]

1.4.1 Photophysical properties of schiff bases

In recent years the Schiff base ligands got more attention owing to the wide range of
applications in the fields of catalysis, synthesis, and especially in material chemistry.
Because of its extensive applications nowadays researchers are tremendously synthesis the
variety of main group and transition metals Schiff base compounds. Schiff base ligands are
vastly used as optical pH and metal sensors. However few past years the photophysical
properties of the Schiff base are rarely reported in the literature and research papers.
Manjaree A.Satam synthesized the series of Schiff base from 3-(1,3-benzothiazole-2yl)-2-
hydroxy naphthalene-1-carbaldehyde and analyzed the photophysical properties of one of
the Schiff bases in various solvent systems. The utilization of different solvents changes the
polarities, dielectric constants, hydrogen bonding, and refractive indices which can provide

a unique and remarkable environment. Thus alter the maxima position at emission and
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absorption spectra of the compounds/molecules. Nitro group (electron-withdrawing group)
and the weak electron realizing methyl group presence do not give any changes at the
absorption maxima. High aprotic solvents of DMSO and DMF showed a redshift in the
fluorescence emission spectra and experienced different quantum yields based on the

solvent used in the process. [47]

1.4.2. Schiff base based fluorescent chemosensor

Schiff bases are comprehensively used as a catalyst, stabilizers for polymers,
pigments, dyes, pharmaceuticals, intermediates in organic synthesis, imaging, biological
potent, molecular memory storage, and agro-industries. Chiefly the Schiff base compounds
are extensively exploited as strong colorful and absorbing chromophores in the synthesis of
chemosensors. Nowadays the Schiff base-designed fluorescent sensors facilitate the
detection of numerous toxic analytes and also imaging the analytes in the different
biological systems. Mostly the Schiff base ligands and the metal complexes were utilized as
the luminescent, modeling of metal bio-active sites, optical material, center for
metalloenzyme reactions, and heterogeneous and homogeneous catalyst in various
reactions. Research in fluorescent sensors gets more attention due to its practical utilization,
high accuracy and sensitivity, environmental and medical applications, and numerous
biological effects on targeted metal ions.[48] Especially Schiff-based fluorescent sensors
with the transition metal complexations have been applied widely in analytical as well as
pharmacological fields owing to the medicinal effect on anti-tumor, anti-bacterial, anti-
cancer, anti-fungal, anti-oxidants and also applied as a magnetic material. Most
predominantly, Schiff base containing the sulfur and nitrogen chelating groups has exhibited
more advantages in many fields owing to specific and diverse properties. Schiff base
derivatives are extremely served as superior ligands for complexations of transition metal
ions in addition to the transition metal-based Schiff base complex shows the variety of

biological efficacies. Derivatives of Schiff base incorporating with the fluorescent moiety
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were successfully evidenced the noticeable performance of such model as a fluorescent
chemosensor towards the fluorescent sensing of metal ions.[49] Nowadays the Schiff base
derivatives are widely utilized as fluorescent chemosensors because of their simple
synthesis root, excellent applicability and availability, high selectivity and efficiency, and
so forth. To utilize the Schiff base compounds and their derivatives as a fluorescent sensor
(for transition metal ions), a strong fluorophore moiety (mn-conjugated fluorescent) is
required to attach. In the molecular recognition field, Schiff base fluorescent is very
essential due to its effective capability of forming a more stable complex with the metal
ions. In recent days the mechanism, photochemical properties, and the applications of Schiff

base fluorescent probes have been well documented.

1.5.  Sensing of Metal ions

In a biological system, metal ions play a vital role in structural and functional
actions. Bioanalytical chemistry thoroughly describes the distribution as well as
concentration fluctuation of metal ions in the biological system which also explains the
applications such as medical developments, enzyme catalysis, and cell signaling. However,
some anthropological activities have been mobilized a large number of metal species
through waste dumping, corrosion, discharging industrial water, mining, and coal-burning
leading to critical health issues and serious environmental problems. Hence metal detection
IS a necessary and important task for environmental and biological applications. So far, for
detection and estimation of metals standard methods like atomic emission/absorption and
mass spectroscopies are used. These methods are highly sensitive and accurate even though
they are cost-wise high, only available in mega industries and centralized labs, required
extensive sample pretreatment, real-time, and in situ measurement. Antibodies act as
popular sensors for metal ions but the size of the metal ions is too tiny for direct antibody
recognition. Initially, it has to be chelated and it may compromise selectivity. Moreover,

antibodies optimally work only specific physiological conditions while environmental
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samples may need to be detected under different conditions. On the other hand peptide and
protein-based metal sensors also demonstrate metal ion detection but it prone to irreversible
denaturation which creates a problem for all proteins. The chemical metal sensors
predominantly rely on rational-designed fluorescent chelators. In fluorescent sensors, the
metal ions are detected and have two main features: the binding or chelating moiety of metal
and the fluorophore (at least one) must capable to absorb and emitting light. To act as a
better sensor the metal-binding should alter the molecular or electronic structure of the
sensor. Electronic changes in the structure affect the wavelength or intensity of the absorbed
or emitted light. While molecular level structure changes alter the orientation or distance of
pair of fluorophores of acceptor—donor. Chemical metal sensors distinguish all the metal

ions based on their charge, size, and thiophilicity.

1.5.1. Detection of chromium ions (Cr3*)

Chromium with the oxidation state of +3 revealed less toxic effect than the other
higher oxidation (+4, +6) states to the human body. Cr3* exhibits a vital place in the
metabolism of carbohydrates, fats, protein, nucleic acid, and also activates the enzyme,
stabilize the nucleic acid and protein. The deficiency of trivalent chromium ions in the
human body causes the health problems such as diabetes, cardiovascular diseases, etc. At
the same time more than sufficient cation also acts upon the human body binding to DNA,
affecting the cellular components and structures. Whereas, anthropogenic uses of Cr3* in
textile dyeing, alloying, tanning, and pigmenting of animal hide severely cause
environmental contaminations. Hence, detection of trivalent chromium ions by the simple
greenway is very important. Hexavalent chromium cation (Cr*) detection is achieved by
fluorescent carbon nanodots type sensor. Metal organic-frame work (MOF) based sensors
have been synthesized to detect the Cr,O7%. In recent days, novel rhodamine types of
fluorescent sensors are reported which show low LOD (17.8mM) at 554nm with 100 fold

enhancement of fluorescence intensity. [50] The addition of chromium ion (Cr*) changes
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the colorless solution to pink coloration in the presence of the HEPES buffer solution. The
enhancement of the fluorescence intensity ring is attributed to the opening of the spirolactum
and long conjugation formation. Likewise, rhodamine-cyclohexane diamine type
fluorescent probes (turn on) are reported for sensing Cr3* ions which has the limit of sensing
up to 7.5mM. Here also 100 fold enhancement of fluorescence is obtained at 580nm which
is due to long conjugation formation by ring-opening of spirolactum. The sensor
functionality is widely in biological pH from 4 to 8. In the same way, these two probes also
examine other metal ions such as  Mg?*, Mn?*, Cu?*, Hg?", Cd?", Na*, K*, Ca?*, Fe?*, Zn?",

Fe®* and AI%*.

1.5.2. Detection of Lead ion (Pb?*)

The silver-grey metal is lead even though it has no biological importance but it may
be accumulated in the human body and causes severe health issues. Excess exposure to lead
can cause weakness, anemia, brain and kidney damage. A very high percentage of lead can
lead to death but it is highly utilized in car batteries, cable sheathing, pigments, radiation
protection, ammunition, weights for lifting, lead crystal glass, and also in some soldiers. A
conjugate base of rhodamine trimethoxy benzaldehyde ‘turn on’ fluorescent chemosensor
which exhibits high selectivity and sensitivity with 15mM LOD on recognition of divalent
lead ion (Pb2+) in an aqueous medium over other metal ions.[51] The probe revealed a 100
fold enhancement of intense fluorescence in the presence of divalent lead ions whereas in
other metal ions (Mg?*, Mn?*, Cu?*, Hg?*, Cd?*, Na*, K*, Ca?*, Fe?*, Zn?*, Fe®*, AI**) not
identified such observations. In sensing of Pb?* ions, colorimetric visual color changes from
colorless to pink coloration are also observed. This sensor selectively imaging the divalent
lead cations only in living cells. Derivative of naphthalene receptor has been employed for
a fluorescent probe for only able to sense the Pb?*ions not the other metal ions like Mg?",
Mn?*, Cu?*, Hg?*, Cd?*, Na*, K*, Ca®*, Fe?*, Zn?*, Ag*, Fe®*, and AI®*. It has been exhibited

more than 17 fold enhancement of intense fluorescence at 359nm with the LOD of
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5x10°'M in an acetonitrile-water mixture (9:1). Thus, the increase of intensity can eliminate
the photoinduced energy transfer process (PET) on the binding of a divalent lead cation.
The literature has been reported the semiconducting polymer dots of fluorescent-based
sensor for detection of ratiometric lead in the living cells and luminescent of molybdenum

disulfide nanosheets based sensor for detection label-free fluorescence sensing of Pb?*.

1.5.3. Detection of Aluminum ion (AlI%*)

Aluminum, the third most prevalent element and most abundant element (about 8%
of the weight of the earth) in the outermost layer of the earth crust, is extensively used in
present industry and our daily lives. [52] The widespread of aluminium applied in water
purification, food additives, clinical drugs, packing materials. In addition, frequent use of
aluminium foil, vessels, and trays for convenience results in moderate increase in the AI**
concentration in food. After absorption, aluminium ions would be distributed among all
tissues in humans and animals and eventually accumulate in the bone. Due to the use of
aluminum ions in daily life, that increases the risk of people getting aluminum poisoning,
causing calcium metabolism disorders, interfering with the iron concentration in the blood,
leading to osteomalacia, microcellular hypochromic anemia, and under overload conditions,
AI** may participate in the production of reactive oxygen species causes neurodegenerative
diseases. Adverse effect of AI** ions not only inhibits the plant growth, but also affects the
central nervous system of humans and induces Alzheimer's disease, Parkinson's disease and
amyotrophic lateral sclerosis. The World Health Organization (WHQO) has recommended
that the daily average intake of AI** was around 3-10 mg .Therefore, the development of
efficient methods for AI®* detection is quite crucial for the environment and biological

systems.
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1.5.4. Detection of Zinc ion (Zn?*)

Zinc, the second most prevalent transition metal in biological organisms, and it
performs major functions in various physiological processes. It is an indispensable cofactor
in several enzymes involved in the human body as well as in sea organisms, contains zinc
as an essential element. Enzymes, in turn, act as catalysts for biological processes such as
cellular metabolism. Less intake of zinc ion possibly leads to growth sexual diseases,
epilepsy, degenerative nerve diseases, prostate cancer, Parkinson’s disease, Alzheimers
diseases etc. Excess intake of zinc ion may lead to health problem. Zinc ions (45.9 uM)
tolerance in drinking water, the world health organization endores. Therefore, Zinc ions
detection to enviraonment monitoring of that ions in biological system constitute an

interesting and challenging field of research. [53]

1.5.5. Detection of Nickel ion (Ni?*)

Nickel is rarely found in its pure form on the Earth’s surface, although it is believed
that a significant amount is present at the core. Its most stable oxidation state is +2, while
+1 and O are only found in organometallic chemistry. It has a very rich coordination
chemistry, and can form complexes with different geometries (octahedral, trigonal
bipyramidal, tetrahedral, square-based pyramidal and square planar). When compared to
copper, zinc is not an abundant element, and trace amounts are present in the Earth’s crust.
Due to its high reactivity it is rarely found pure in nature. The Zn(11) ion has a 3d*° electronic
configuration, and it cannot be strictly considered as a transition metal ion. Due to this
electronic configuration, its compounds are colorless and diamagnetic and there is no
ligand-field stabilization energy associated with this ion, for what no particular geometry is

preferred in the formation of complexes. [54]
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1.5.6. Detection of Ferric ion (Fe®*)

Fe3* is the most essential metal ion in biological systems and plays a crucial role in
many biochemical processes, such as in cellular metabolism, in many enzymatic reactions
as a cofactor, and in carrying oxygen by heme. Both its deficiency and overloading induce
biological disorders in the living body, such as anemia, liver and kidney damage, heart
failure, and diabetes [55]. Detection of ferric ions in solution is very difficult using
fluorescence techniques because the paramagnetic nature leads to their fluorescence
quenching ability. Fluorescence enhancement through chelation of this metal ion with any
fluorophore is a challenging task in vitro as well as in vivo. Several groups have successfully
detected Fe3* ions in aqueous environments using xanthene derivatives, which can follow

either a metal ion induced spirocyclic ring-opening or a FRET mechanism.

1.6.  Anticancer activity, Cell viability assay

The anticancer activity and cell viability effect of the synthesised compounds were
investigated against human liver cancer cell lines HepG2, MCF-7 in this study. National
Centre for Cell Science in Pune, India, provided the HepG2 and MCF7 cells. The cell culture
was kept at 37 degrees Celsius in a 5% CO> atmosphere in DMEM media with 10% FBS,
1% glutamine, and 100 units penicillin—streptomycin. We used the MTT technique to
perform a cytotoxicity experiment on produced compounds in HepG2 to determine their
anticancer potential. This was accomplished by harvesting exponentially growing cells and
seeding 1x10° cells per well in a 96-well plate. After 24 hours of incubation, the old medium
was replaced with new media containing various concentrations of produced chemicals
(varying from 0.9 to 500 M concentration) and incubated for another 24 hours at 37 °C in a
5 percent CO; incubator. The incubation was then continued for another 4 hours by adding
100 pl of MTT solution (5 mg/ml in PBS). The reaction was then stopped with 100 pl of
DMSO, and the absorbance was measured at 570 nm. After 24 hours of therapy, substantial

cell death was seen in human cancer cells.
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1.7. A Brief Review of Literature

Yu, Xiang and co- worker have reported a new fluorescent Rhodamine was
synthesized and selectivity of Cu (I1) metal ions absorbance, fluorescence emission above
500nm in neutral buffer medium. The displayed reversible absorption and fluorescence
enhancement response to Cu (1) via a 1:1 binding mode. The Cu (II) ions are very high in
selectivity due to little interference was observed for other commonly coexistent metal ions.
Furthermore, the detection of Cu (I1) at a lower micromolar level was successful in buffer

aqueous solution.
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Duong Tuan Quang et al. a new fluorescent chemosensor for Hg?* ions in aqueous
medium by a prepared aminothiourea based Schiff base ligand (DA). Addition of lequiv of
Hg?* ions to the aqueous solution of DA gave rise to an obvious fluorescence enhancement
and the subsequent addition of more Hg?* induced gradual fluorescence quenching. Other
competing ions dis not induce any distinct fluorescence changes including Pb?*, Cd?*, Cr",
Zn?*, Fe?*, Co®* , Ni?*, Ca?*, Mg?*, K+ and Na+, indicating that DA can selectively detect

Hg?* ions in aqueous solution.
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Nayan Roy et al. a schiff- base (HzL) fluorescent probe was synthesized and
evaluated as a chemoselective Zn?* sensor. Upon treatment with Zn?*, the complexation of
HoL with Zn?* resulted in a bathochromic shift with a pronounced enhancement in the
fluorescence intensity in ethanol solution. Furthermore, other common alkali, alkaline earth
and transition metal ions failed to induce response or minimal spectral changes. Notably,
this chemosensor could distinguish clearly Zn?* from Cd?*. The stoichiometric ratio and
association constant were evaluated using Benesi—Hildebrand relation giving 1:1

stoichiometry. This further corroborated 1:1 complex formation based on Job’s plot

ho4
oy

H,L

analyses.

Cui-Bing Bai et al., a novel pyrene based Schiff base molecule (CS) synthesized,
and characterized by long-wavelength turn-on fluorescent chemosensor to detect Hg?*. In
presence other metal ions, CS could effectively recognize Hg?" and produce the turn-on
fluorescent emission at 607 nm. And also, the change of the solution color from yellow to
orange was directly observed by the naked eye due to absorption spectrum exhibited red-
shift. The Hg?* ions interaction with CS confirmed by the Job’s plot, SEM, AIMS, and DFT
calculations. It was found that the fluorescence of CS could be reversible when I was added
into the solution of CS and Hg?*. CS illustrated high selectivity and good sensitivity for
Hg?* with the limit of detection of 36 nm. Moreover, CS could be utilized as test strips and

silica gel plates to identify Hg?*.
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Recently Tuhin, Khan et al. reported Salophen, tetradentate Schiff base, fluorescence
detection of Al**ions, we discovered contradicting literature findings on salophen's
fluorescence spectral maximum and quantum yield while conducting this research. As a
result, the chemical was refined through repeated crystallisation. Fluorescence experiments
have been carried out on substances with entirely super imposable absorption and
excitation spectra. The refined molecule has a weak fluorescence at 545 nm, which is
accompanied by extremely quick fluorescence decay. This is explained by proton transfer
in the excited state and torsional motions inside the molecule, which provide
efficient non-radiative routes for deactivating the excited state. When salophen is complexed
with Zn?* or AI®*, the fluorescence quantum yield rises. When complexed with AI®*, the rise
is much greater. The fluorescence maxima of the two complexes, however, are
comparable. In the presence of a high excess of Zn?*, fluorescence intensity may not be an
appropriate metric for AI®* sensing by salophen. This difficulty can be avoided if the
fluorescence lifetime is utilised as the sensing parameter, because the AI** complex has a
life time of nanoseconds, whereas the Zn?* complex has a life time of tens of picoseconds.
The following explains the considerable variation in fluorescence quantum vyield and
lifespan between the two complexes: The Zn?* compound is dimeric, whereas the AIP*

complex is monomeric. Quantum chemistry calculations show that around the locally
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excited state, there is a larger density of states. This may lead to more efficient non radiative

pathways.

1.8. AIM AND SCOPE

The aim of the present work is to design the synthesis of fluorescent chemosensors
based on various platforms for heteocyclic schiff base molecules. The investigation of
heterocyclic of Schiff bases and related derivatives has provided a new strategy for the
design of novel chemosensors. In this research work presented in this thesis an outline on
guiding principle for the design of effective Schiff-based chemosensors which are highly
sensitive and selective for the detection of metal ions with a focus on the major mechanisms
that control luminescence behavior for target molecules is provided. The current study
focuses on the behaviour of transition metal ions and d and p block elements towards Schiff

bases.

Objectives

v The synthesis of new heterocyclic compounds of Schiff based chemosensors

4 Characterization of new ligands by spectroscopic techniques (*H-NMR, *C-NMR,
MS, FT-IR) and measurement of UV-vis, fluorescence property.

4 Studies on of transition metal ions like Cr¥*, Fe**, Ni?*, Zn?* and p-block elements
like AI**, Pb?* on the emission behavior of the probes. Furthermore, the capability
of Schiff based ligand to sense metal ions with human cancer cell like HepG2- cells
and MCF-7 has been explored. Cytotoxic activity and DFT to be studied.

v The theoretical studies were carried out on the molecular structure using density
functional methods (B3LYP) invoking 6-31G basis set. The energy of the highest
occupied molecular (HOMO) orbital and lowest unoccupied (LUMO) molecular

orbital have been predicted.
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Chapter 11

Novel Schiff base Synthesis of E-N-(1-(1H-phenothiazin-2yl)-
ethylidene)-3-((E)-(2-phenylhydrazono) methyl) aniline “Turn-
on” fluorescent chemosensor for sensitivity and selectivity of
detection of Cr* and Pb?*

2.1. INTRODUCTION

The selection of transition metal ions has potential applications in many fields such
as biology, chemistry, medicine, and the environment [1-5]. A variety of effectively
fluorescent chemosensors for alkali and alkaline earth metal ions have been developed [1,
3-5]. The soft transition metal ions are fluorescence chemosensors and particularly
necessary much attention is paid because of their impact on the environment [6, 7]. Our
body could be affected by use this instead of direct. [8] The metal ion Cr®* is a trivalent form
and plays a vital role in various biological processes and it assists the metabolism of
carbohydrates, nucleic acids, proteins, and fats through stimulated of enzymes as well as by
stabilizing the nucleic acids and proteins. [9] Therefore, it is very important to develope a
chemosensor for detection of Cr®* ions in biological and also ecological samples. Cr¥*could
be detected using various instrumentation techniques like reversed phase-high performance
liquid chromatography coupled to different spectrometric detection methods, stripping
voltammetric analysis, and atomic absorption spectrophotometers. [10-12] Costly
instrumentation and time consumption for analysis made chemosensors a significantly
analytical tool that can be used to detect ionic species. In current years, fluorescent
chemosensors for Cr3* have been reported. [13-17] As a result, the high sensitivity and
selectivity to detecting Cr3* ion very quickly in the development of material for ease, and
due to it is very simplicity, low cost, and convenience, extensive attention is received by

small organic fluorescence basic methods for chemosensors. [18] Fluorescent chemosensor
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has several acceptable sensing properties for Pb?* has drawn considerable much attention
because of spread of poisonous lead a heavy toxic metal ion from batteries, metallurgy,
gasoline, mining, and pigments damage to human health neurological damage, inducing
anemia, nerve disorders, kidney disorder, physical growth impairments, memory loss and
inhibition of brain developing existing in children. [19-23] However, all reports about the
sensing properties of Pb?* ijons is only in basic condition that coordinate or substitute
effectively for sensor Pb?* ions. [24-33] The Pb?" heavy poisoning could lead the
irreversible harm to the growth of teenagers, cognitive development, fetal growth,
psychological and behavioral [34-38]. The drinking water can limit to 10ppm, according to
the World Health Organization (WHO). [39] Fluorescence chemosensors are interesting in
the recognition of various anions, cations and different neutral molecules in number of
fields including molecular devices, environmental sensors, biological probes, and detection
of nerve gases due to their excellent properties as real-time detection, low cost, low
detection limit, operational simplicity high sensitivity and selectivity and adaptability to
different platforms [40-46]. The detection of fluorescence signal interacting with a chemical
species in fluorescence probes occurs through [47] various mechanisms such as chelation-
enhanced fluorescence (CHEF) [48], intramolecular charge transfer (ICT) [49],
photoinduced electron/energy transfer (PET) [50], metal-ligand charge transfer (MLCT)
[51], excited-state resonance energy transfer (FRET) [52], excimer/exciplex formation [53],
intramolecular and intermolecular proton transfer (ESIPT) [54] and C=N isomerization [55]
. Schiff-base compounds can be used as fluorescence chemosensors due to simple
synthesized procedure [56, 57]. In this work we successfully designed fluorescence
chemosensor for high sensitively and selectively of Cr3* and Pb?*for “‘turn—on" platform in
aqueous media. Schiff-base—based fluorescent chemosensors, (E)-N-(1-(1H-phenothiazin-
2yl)-ethylidene)-3-((E)-(2-phenylhydrazono)methyl)aniline  was  synthesized  and

characterized by FT-IR, ESI-MS,'!H NMR, and *C NMR spectroscopy. The probe AT
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showed an excellent fluorescence enrichment towards Cr** and Pb?", and sensing
mechanisms was proposed based on UV-Vis, Fluorescence titrations, ESI-mass
spectrometry analysis, H-NMR titrations, molecular docking, living cell imaging,

cytotoxicity, and DFT.

2.2. EXPERIMENTAL METHODS
2.2.1 Materials and Instruments

All chemical compounds were purchased and used after purification. Distilled water
was used for all experiments. The synthesized compound was characterized by using FT-
IR, 'H &'C NMR, and ESI-MS spectroscopy. Infrared measurement was made at 4000—
400 cm™* region on an Agilent Carry 630 FT-IR (Fourier Transfer Infrared) spectrometer.
The 'H NMR spectrum and *3C NMR were recorded on a Bruker-400MHz and TMS as an
internal standard working in DMSO-ds, respectively. UV and fluorescence measurements
were carried out with Perkin-Elmer LS45 fluorescence spectrophotometer at a scan rate of
1200 nm range at room temperature. A Varian RF-5310PC fluorescence spectrometer was

used to record fluorescence at ambient temperature.

2.2.2 Synthesis of Schiff base AT

1-(10H-phenothiazin-8-yl)ethanone  (0.48g, 2 mmol) and 4-(Phenyl-
hydrazonomethyl)-phenylamine (0.42g, 2 mmol) were dissolved in absolute ethanol and
refluxed for 24 h under 60°C atmosphere. Then, the reaction was confirmed by TLC in
benzene solvent. After cooling to room temperature the resulting solution was poured into
distilled water with stirring, a light yellow precipitate was obtained. The precipitate was
filitered off and dried in vaccuo. Further, it was recrystallized using absolute ethanol to get
the desired product AT as shown in Scheme 1. Yield: 83%. FT-IR; (C=N) 1597 cm™, (NH)
3345 cm™. 'H NMR (500 MHz, DMSO-dg) & 10.14 (s, 1H), 8.06 (s, 1H), 7.30 (s, 1H),

7.284-7.282 (d,J=0.8, 2H), 7.18-7.15 (m, J = 9.2, 3H), 7.093-9.055 (m, J = 1.6, 2H), 6.985-
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6.966 (d, J = 7.6, 2H), 6.88 (s, 1H), 6.797-6.771 (m, J = 10.4, 3H), 6.644-6.605 (m, J = 15.4,
3H), 2.566-2.557 (t, J = 36, 3H). 13C NMR (100 MHz, DMSO-ds),  (ppm): 196.88, 158.23,
157.15, 152.98, 146.25, 145.16, 141.59, 130.54, 129.18, 128.43, 118.33, 116.49, 115.26,
114.91, 111.41, 26.44. ESI-MS (m/z): calculated for C27H22NaS [M + H]*: 434.1600; found:

435.2747.

_H
L0
H o H,N
@NﬁCHs + OVN /© C2 sOH ©: :@)\
S H Reflux
Scheme 1. Synthesis of AT compound.

2.2.3 UV-vis and fluorescence experimentation

The stock solutions (0.025 M) of different metal ions (nitrate or chloride salts) were
prepared in distilled water. A 1x10™ M stock solution of AT prepared in distilled water was
used for spectroscopic studies. The absorption and fluorescence spectra measurements were
carried out by using a 5 mL mixed solution of AT and metal ion in a quartz cell at room
temperature. All fluorescence experiments were conducted upon excitation wavelength at

369 nm.

2.2.4. Cell Culture
The human hepatocellular liver carcinoma cells (HepG2 cell lines) (NCCS, Pune,
India) were grown in DMEM by addition of 10 % of FBS and antibiotics (streptomycin-50
ug / mL; penicillin-100 pg / mL), at 37 °C, 5 % CO: incubator, cells were produced at

95 %.

2.2.5. Anticancer activity, Cell viability assay
The cytotoxicity of AT was tested using a 3-(4, 5-dimethylthiazole-2-yl)-2, 5-

diphenyl tetrazolium bromide (MTT) assay against HepG2 cell lines. Cells were seeded onto
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a 96-well plate at a cell density per dis 1.5x10% and incubated at varying concentrations from
1.5 to 500 uM to last 48 hours in a medium containing AT. Triplicate wells with 100 puL of
MTT added to each well are retained for each operation. It was incubated at 37 °C for 4 h,
allowing MTT reaction and metabolically active cells to form crystals of formazan. The
medium for MTT was cautiously discarded from the wells. To extract intracellular formazan
crystals, 100 uL of DMSO was applied to each well and the dishes shaken for 10 minutes.
Using ELISA, at 428 nm, the absorbance was readouts. Using a fluorescent microscope, the
photographs of the cells were analyzed. The survival percentage was determined using

formula: %survival = [live cell number (test)/live cell number (control)] x100.

2.2.6. Fluorescence microscopic study

For in-vitro fluorescence imaging of AT, the cells were seeded in a 35 mm culture
dish at a density of 3x10° cells per dish. After completion, 60% confluence for fluorescence
microscopy was replaced by mercury nitrate and zinc nitrate (0.3 uM and 0.5 pM)
augmented with the serum to absorb Cr3*/Pb?* ions by 40-hours developing cells, AT (5.0
uM), dissolved in DMSO/H20 (99/1), in addition to new media to allow AT to be absorbed
by cells to form the Cr¥*/Pb?" - AT complex. Under a fluorescence microscope, both
excitations of Cr¥*/Pb?* ions were trypsinized and examined for AT images at 428 nm using
a 10x fluorescent target. The bright and Fluorescence field knowledge was obtained using
the fluorescence microscope 40x-Olympus FVV1000-LX81.z, Camedia software, and Adobe
Photoshop version 10.0 processed using. For the control trial, the media was stripped off

Cr¥*/PbZ*ions.

2.3.  RESULTS AND DISCUSSION
As shown in Scheme 1, Schiff base compounds based on the fluorescent
chemosensor AT (E)-N-(1-(1H-phenothiazin-2yl)-ethylidene)-3-((E)-(2-phenylhydrazono)

methylaniline were designed and characterized by FT-IR, ESI-MS, H and*C NMR
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spectroscopic methods (Fig. S1-S4, ESIY). Further studies, UV-vis, and fluorescence
spectroscopic performed using HEPES buffer solution in EtOH: H20 (1:4, v/v, pH=7.0) and
under excitation wavelength at 290 nm. The fluorescence intensity at 428 nm was measured

for sensitivity and selectivity of Cr** and Pb?* ions.

645022
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Fig. S1. FT-IR spectrum of AT

Fig. S2. *H spectrum of AT
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2.3.1. Absorption studies

The sensing behavior of AT (1.0x107° M) towards various metal ions such as Zn?*,
Sn?*, Sr¥*, Cu?*, Fe3*, Mg?*, Cr¥*, Cd*, Hg*, AP, Ca*, Ni?*, Mn%* Pb%, and Ti*
(1.0x10° MY) have been studied in HEPES buffer solution in EtOH: H,0 (1:4, v/v, pH=7.0)
investigated by UV-Vis absorption spectroscopic in 100% aqueous solution. The AT
solution exhibited yellow color to colorless solution in the naked eye under UV-Vis lamp
(Fig.1) in the presence of two alkali metal ions (Ca?*, Mg?*), one alkali earth metal ion

(Mg?"), and transition metal ions (Ag*, Cu?*, Fe*, Co?*, Ni**, Mn?*, Zn?*, Cd?*, and Mg?").

Absorbance

Wavelength (nm)

Fig.1. The colourless of metal solution made in compound Fig.2. Absorption spectrum of AT (100
of AT UM) with different metal ion (100 uM)
used in HEPES buffer solution in
EtOH:H,0 (1:4, viv) pH=7.0.

030 040
50 eaui
eau 035
0.254 5.0 equiv
0.30
0.20 4
° .
g o 2 0.25
=4
£ 5 :
5 015 2 Pb*
8 S 0.20
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! <
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0 equiv
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Fig.3. UV-visble titration spectra of AT (10 uM) Fig.4. UV-visble titration spectra of AT (10 uM)
and) in the presence of different concentrations of and) in the presence of different concentrations of
Cr¥* (10 uM) in ethanol. Pb?* (10 uM) in ethanol.
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The AT solution demonstrated a strong absorption band around 284 nm observed
due to -t electronic transition with detection of Cr3* and Pb?* and without any interference
by other metal ions. When AT (100 uM) solution was added into different metal ion (100
MM) solutions showed a new absorption band centred at 315 nm observed by blue
(hypscochromic) shift and absorption peaks at 284 nm shown in hyperchromic shift (Fig.2)
The Cr®* and Pb?* (10 uM) solutions was added by incrementally to AT (10 uM) in HEPES
buffer solution in EtOH: H20 (1:4, v/v, pH=7.0) (Fig.3 and Fig.4). Then gradually the
absorbance intensity at 315 nm was decreased after adding increase concentration of 0, 0.5,
1.0,1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, and 5.0 of Cr** and Pb?*. For Pb?*, two isobestic points

at 260 and 317 nm were noticed depending on the increased concentration of Pb?*.

2.3.2. Emission studies

The fluorescence measurements carried out with excitation wavelength at 290 nm
AT (1.0x10° M) and metal ions (1.0x10° M) in (10 mM) HEPES buffer solution of
EtOH: H>O (1:4, viv, pH=7.0). The pale yellow solution of AT changed to light blue for
Cr¥*ions and colorless for Pb?*ions (Fig.5). The probe AT (100 puM) solution exhibited
enormously weak fluorescence intensity at 428 nm and significantly changed due to role as
for dual chemosensor for Cr®* (100 pM) and Pb?" (100 puM) were shifted to longer

wavelength due to bathochromic shift (Fig. 6).
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Fig.5. The colourless of metal solution made in Fig.6. Fluorescence spectrum of AT (100 pM)
compound of AT with different metal ion (100 puM) used in 10mM
HEPES buffer solution in EtOH: H,0 (1:4, viv)
pH=7.0.
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Other metal ions had no influence on the emission intensity. The highly sensitive
and selective detection of Cr’* and Pb?* was determined by “turn-on" fluorescence
performed in a 100% aqueous solution. This is possibly due to PET (Photoinduced Electron
Transfer) mechanism method. Upon addition of 5.0 equiv. of Cr** and Pb?*(20uM) to AT
(20 uM) solution displayed fluorescence enhancement at 428 nm and was successively

decreased after adding higher conc. of Cr* and Pb?* metal ion (Fig.7 and Fig.8).
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Fig.7. Fluorescence titration spectra of AT (20 M) in Fig.8. Fluorescence titration spectra of AT (20
the presence of different concentrations of 0.5 equiv. M) in the presence of different concentrations of
Cr¥ (20 pM) in ethanol. 0.5 equiv Pb%* (20 uM) in ethanol.

The Job plot was constructed by probe AT binding with Cr®* and Pb?*, 1:1
stoichiometry complex (0.5 equiv. of Cr¥* and Pb?* with AT (0.5 equiv.)) has been predicted
as 0.6uM concentration (Fig.9 and Fig.10). The binding constant of AT (10 pM) with Cr3*
and Pb?*(10 uM) was calculated using fluorescence titration data and found to be 2.13x10*
M1(R?=0.9991) and 2.37x10* M(R?=0.9996) according to Benesi-Hildebrand equation
(Fig.11 and Fig.12). Furthermore, the detection limit was 8.63x107 M (R?=0.9992) and

7.42x107 M (R?=0.9990) towards using this equation 3o/k (Fig.13 and Fig.14) [58, 59].
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Fig.9. Job’s plot of AT (20 uM) solution with Cr3* (20

UM) ion
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Fig.11. Benesi-Hildebrand equation of AT (10 uM)
with different concentration Cr3* (10 pM) ion used in
10mM HEPES buffer solution in EtOH: H,0 (1:4, v/v)
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Consequently, the performance of AT allowed detection of different concentrations
of Cr¥* and Pb?*in (7.4uM) in drinking water. Different metal ions (0.5equiv of Sn?*, Sr?*,
Cu?*, Fe**, Mg?*, Cr3*,Cd?", Hg?*, AI¥*, Ca?*, Ni?*, Mn?*,Pb?" and Ti*") were added into
AT (10 uM) solution of 20 mM of HEPES buffer solution in EtOH:H20 (1:4, v/v, pH=7.0)
(Fig.15 and Fig.16). The emission intensity at 428 nm for 0.3 equiv of Cr** and Pb?* shows
high values, however, the presence of Cr3* and Pb?* binding with others metal ions did not

affect the sensing ability of AT (10 pM) against Cr** and Pb?".
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Fig.15. The fluorescence changes of AT (10 uM) with  Fig.16. The fluorescence changes of AT (10 uM)

Cr¥* (5 equiv.) and upon addition of Hg?*, AI**, Ca%*,  with Pb®* (5 equiv.) and upon addition of Hg?*,

Ag*, Na*, K* Cu®, Fe®, Co?*, Ni¥*, Mn?*, Pb?*, Zn?*,  AI®*, Ca®*, Ag*, Na*, K* Cu®*, Fe¥, Co?*, Ni?*,

Cd?*, and Mg?* were prepared in 20 mM of HEPES  Mn?*, Pb?*, Zn?*, Cd?*, and Mg?* were prepared

buffer solution EtOH:H,0 (1:4, v/v) pH=7.0. in 20 mM of HEPES buffer solution.EtOH:H,0
(1:4, viv) pH=7.0.

2.3.3. Binding mechanism

The fluorescence results indicated photoinduced electron transfer (PET) pathway,
and it was caused by the stable complex formation AT-Cr¥* and AT-Pb?* via complex
formation involving imine bond —CH=N- and NH resulting due to contribution of lone pairs
of imine nitrogen which inhibited PET process. Further, after binding complex Cr®* and
Pb?* to AT, C=N isomerization and the photoinduced electron transfer (PET) effect were
hindered [60, 61]. Enhancement of the fluorescence intensity for Cr®* and Pb2*can be
explained by PET-ON to PET-OFF with binding. The ESI-mass spectrum confirmed by

binding complex and exact molecular weight present at 485.32 m/z shifted from 434.16 m/z
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after adding 0.5 equiv of Cr®" into AT solution, whereas, after added 0.5equiv. Pb?*
concentration into AT solution, which provided value at 640.43 m/z, however, it was
changed and enormous shifted due to the normal mass value at 434.16 m/z, therefore —
CH=N- and NH group much potentially participated in complexation of AT-Cr3* and AT-

Pb?* as in Scheme 2.

Scheme 2 Synthesis of compound AT-Cr3* and Pb?*

2.3.4. Effect of pH

The scope of chemosensor would be much affected by pH value sensing capability
hence it is necessary to suitably increment pH value in AT solution to detect Cr* and Pb?*
very efficiently. This is revealed in (Fig.17 and Fig.18). Over the pH range of 1-13, AT
solution of Cr¥*and Pb%'shows no significant change. The changes in fluorescence
intensity under strong acid condition indicates inhibition of complex formation between AT
and Cr3* and Pb?*ions due to protonation of Schiff base compound AT. Whereas, under the
strong basic condition to the formation complexes of AT binding with Cr®* and Pb?*prove

that inhibited because of sufficiently methyl atom is performed. However, AT exhibited
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great sensing action to Cr3* and Pb?* over the pH range from 4 to 10, and may successfully

detect Cr3* and Pb?* in sensible applications in this large pH range.
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Fig.17. Effect of pH on the fluorescence intensity at Fig.18. Effect of pH on the fluorescence intensity
428nm of AT (10 uM) in 2 M aqueous solution in the  at 428nm of AT (10 uM) in aqueous solution in the
presence of Cré*, presence of Pb?*,

2.3.5. Reversibility study

The reversible response is important for a suitable fluorescent chemosensor. The
fluorescence spectrum of AT(10 uM) solution with an alternating increase of 3 equiv. of
Cr3* and Pb?* and EDTA solution in EtOH:H.0 (1:4, v/v, pH=7.0, 10 mM HEPES buffer)
was measured. The emission intensity measured at 436 nm, upon addition was of restored
on addition of Cr®* and Pb?* solution to AT. Moreover, the fluorescence ON-OFF-ON
responsibility upon alternate addition of Cr®* and Pb?* to EDTA solution of AT under the
UV lamp 365 nm was reversible and could be used and the reversible cycle for at least four
times (Fig.19 and Fig.20). Thus, AT can be used as an excellent reversible fluorescent

chemosensor detecting Cr®* and Pb?* in 100% aqueous solution.
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(1:4, viv) (1:4, viv).

2.3.6. Theoretical studies

2.3.6.1. HOMO and LUMO analysis

\& ‘\
2
C L

E nomo =3.54 eV

'y

AE=2.62 eV

Fig.21. Energy diagram of HOMO and LUMO orbital of AT
and its corresponding metal complexes calculated at the DFT
level using a B3LYP/6-31G* basis set.
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The theoretical calculation studies HOMO-LUMO predict the energy gap value
investigated in Gaussian 09. HOMO energy means that the electron-donating ability,
whereas, LUMO means that electron-accepting ability for the HOMO-LUMO energy gap
as shown in Fig.21. The calculated lowest energetic gap is (AEgp=2.62eV), while the
HOMO energy is (EHomo=-3.54eV) and the lowest LUMO energy is (ELumo=-4.38eV),
Therefore, higher energy allowed the greatest electron donor and electron acceptor
respectively, and HOMO and LUMO has two parameters and which is related to the orbital

energy.

2.3.6.2. Molecular electrostatic potential (MEP) and Mulliken charge

Molecular electrostatic potential (MEP) is sensitive to the charge distribution and
depends on the name of electrophilic and nucleophilic reaction. The MEP commonly is used
to study hydrogen bonding interaction and even biological detection. The surface complex

shows different energy of the molecular electrostatic potential.

Elzzirusiallc Potsniicl

. 0,040

0.00552
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- Y
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Fig.22. Molecular electrostatic potential Fig.23. Mulliken atomic charges for AT
surface of AT

~0.02944

The result of AT expressed increase with potential order blue >green>yellow>red,
where blue color is the highest electrostatic potential energy, red color is the lowest
electrostatic potential energy and green color is neutral stability as shown in Fig.22. The

Mulliken charge calculations carried out by computational chemistry are shown in Fig. 23,
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C19 atom is the highest atomic molecular orbital, N10 is the lowest atomic molecular orbital

due to decreased atomic charge and all molecular orbital range is C2 to C25 (Fig.23).

2.3.6.3. Cytotoxicity

The cytotoxicity responses of AT were studied with various concentrations. This is
evident from cellular imaging. Thus, these results show AT that as an efficient candidate
under intracellular concentration for certain biological conditions and justify its cytotoxic
effect and MTT assay in AT-treated HepG2 cancer cells for up to 5 h. The 20 uM
concentrations of AT demonstrated important cytotoxic effects at least up to 4 h on HepG2
cells. The synthesized AT was investigated for cytotoxic activity using the cell line HepG2
in the MTT study, which tests the impact of cellular mitochondrial metabolism on
complexes. Tested compounds of ever-increasing concentrations with two days for cells
tested. Microscopic images of cancer control cells and morphological changes apoptotic in
the AT-treated HepG2 cell line presented in Fig. 24. The tests showed limited cell death at
compound AT. At 77 % of 1Cso values, the demonstrated good inhibition on the HepG2 cell.
The AT-ICso values (Fig. 25) show that an inhibitory action against cancer cells is more
potent. The NH group that carries the phenyl group shows the highest ICso value, convincing
us that the electronic effect may be one of the determinants of anticancer activity in the

compound AT. The ICso values of AT against HepG2 cell lines are given in Table. 1.
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Fig 24. Live cell images of AT: (a) before and (b and c) after
treatment with AT examined by fluorescence microscopy.
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Fig 25. The ICso values of AT against HepG2 cell lines.
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Table 1. The ICso values of AT against HepG2 cell lines.

Anticancer effect of AT on HepG2 cell line
Concentration Viability %
(nM) AT
0 100
1.95 98.81
3.9 86.15
7.8 73.66
15.6 65.59
31.2 51.45
62.5 42.67
125 36.77
250 17.11
500 5.45

2.3.6.4. Living cell imaging

The AT chemosensor is also being tested for imagery of living cells. First, a strong
AT fluorescence view of HepG2 cell-incubated human liver cancer cells (Fig. 26). The
overlap of fluorescence and the picture of the bright field reveal the emission of fluorescence
within the intracellular region. Good cell membrane permeability was noted for the
chemosensor AT. The visualization of fluorescence of living cells followed additional
treatment with Cr3*/Pb?" ions. These observations suggest an efficient binding of chemo-

sensors with AT to Cr¥*/Pb?* ions.
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Control DAPI Fluorescence Merge

Fig 26. Confocal fluorescence and merged images of HepG2 cells were stained with DAPI,
AT-Cr¥* and AT-Pb?*, respectively. (a) HepG2 cells incubated with AT-Cr®*and AT-Pb?* (5
uM) only, (b) HepG2 cells pre-incubated with AT-Cr3* and AT-Pb?* (5 uM) followed by 0.1
mM AT, (c) cells were stained with both DAPI and 5 pM AT-Pb?* and AT-Cr®*; (d) cells of
(c) further incubated with AT (0.1 mM) for another 30 min, (e) and (f) were merged images.
Scale bar, 30 pm.

24. CONCLUSIONS

In summary, the fluorescent chemosensor has been successfully designed and we
synthesized as a simple Schiff-base of (E)-N-(1-(1H-phenothiazin-2yl)-ethylidene)-3-((E)-
(2-phenylhydrazono) methyl) aniline and studied their PET mechanisms. The experiments
indicated report chemosensor AT was a highly sensitive and selective chemosensor for Cr*
and Pb?" in a HEPES buffer solution in EtOH: H20 (1:4, viv, pH=7.0). Significantly, the
probe showed a “turn-on” fluorescence response to Cr®* and Pb?" and emission intensity at
428 nm (excitation wavelength 290). The fluorescence improvement with high selectivity
and sensitivity was attributed to photoinduced electron transfer (PET) and also competitive

metal studies. The Job plot of AT binding with Cr** and Pb?* demonstrated a 1:1

(S}
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stoichiometry complex predicted at 0.6 uM concentration. Further, the binding constant was
calculated and found to be 2.13x10* M*(R?=0.9991) and 2.37x10* M (R?=0.9996)
according to the Benesi-Hildebrand equation and detection limit at 8.63x107 M
(R?=0.9992) and 7.42x10”" M (R?=0.9990) towards using this equation 3c/k due to WHO
(World Health Organization) allowed (7.4uM) in drinking water. The pH experiment
covered a range from 4-10 in sensing application. EDTA titration was examined and was
found to be reversible and irreversible due toCr®* and Pb**added into AT solution. The
theoretical calculation was carried out by B3LYP/6-31°G in Gaussian 09 program. The AT
has a potent in-vitro HepG2 cell line against the cytotoxic, living cell images. It is worth
noting that the receptor AT would be a beneficial addition to academia for its optical
properties and functional application to biomedical industries which will open door to the
establishment of these findings. The molecule is useful in sensing and drug-carrying

applications.
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Chapter 111

Novel, Synthesis of E-4-((1-(10H-phenothiazin-2-
ylhethylidene)amino)-N-(pyrimindin-2-yl)benzenesulfonamide
fluorescent chemosensor for high sensitivity and selectivity of

AR ion

3.1. INTRODUCTION

The development of chemosensors for the recognition of transition metal cations is
an important area of research for industrial, biological, and environmental purposes [1,2].
In these conditions, owing to their facile syntheses, high sensitivity and selectivity,
flexibility, and cost-effectiveness, such fluorescence chemosensors have gained exceptional
attention [3,4]. One of the great topics among researchers is the selective and sensitive
detection of metal cations in the production of chemosensors. In general, chemosensors have
three components: receptor (capable of guest binding selectivity), spacer (which interfaces
receptor and signaling), an active unit (capable of altering its properties during metal
complexation). Different chemosensors of polycyclic aromatic hydrocarbons, aromatic ring,
thiocarbazole, heterocyclic rings, carbazole, and even silatranes are reported [5-7].
Aluminium is the most plentiful metal ingredient and biological non-essential ingredient
and too much used in manufacturing and everyday life such as food additives, water
treatment devices, packaging products, cosmetics, and prescription drugs [8-11]. Compared
to other metal ions in fluorescent chemosensors, the highly efficient identification of AI®*
in aqueous solutions is important due to its strong hydrated ability, lack of spectroscopic
characteristics, and poor coordination power [12-14]. The Schiff base of fluorescent
chemosensors has recently attracted a great deal of interest due to good coordination
capacity, excellent photophysical efficiency, and simple synthesis [15-17]. Aluminium, on

its deposition in the brain due to neuron degeneration followed by various disorders such as
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Alzheimer's disease, Parkinson's disease, lateral amyotrophic sclerosis, encephalopathy on
dialysis, and even multiple sclerosis has gained more significance and attention [18-21].
Thus it has encouraged ongoing studies on the potentially harmful impact of the atmosphere
to enhance effective tools for AI** identification. These techniques include mass
spectrometry, spectrophotometer, electrochemistry, inductively coupled plasma mass
spectrometry, graphite furnace atomic absorption spectrometry, voltammetry, and liquid
chromatography [22-24]. Sensing mechanisms such as chelation-induced enhanced
fluorescence (CHEF), intermolecular charge transfer (ICT), fluorescence resonance energy
transfer (FRET), and photoinduced electron transfer (PET) mechanisms are very relevant in
fluorescence chemosensors [25-29]. For several more years, the Schiff base compound was
used in chemistry [30]. There has been substantial use of non-transition metal complexes
[30]. Several complexes of Schiff bases have found interesting uses in materials science
[31]. In this case, in turn-on chemosensors, the benzenesulfonamide moieties received
considerable attention owing to the formation of excimers and high quantum yield [32,33]
due to their ability to show a peculiar shift in their emission wavelengths. Comparison with
conventional analytical approaches requires, for example, colorimetric methods that could
be accomplished by ultraviolet-visible absorption spectra with specific benefits, such as

detection and even ease of operation, which could be carried out using on-site tests [34].

The benzenesulfonamide type Schiff base ligand (E)-4-((1-(10H-phenothiazine-2-
yl)ethylidene) amino)-N-(pyrimindine-2-yl)benzene sulfonamide (BT) was studied in this
work. The chemosensor activity for AI®* ions in ethanol/water HEPES buffer solution
(5mM, pH 7.0; 1: 4 v/iv) was demonstrated by the UV-visible and fluorescent spectroscopic
system at room temperature. For PET process calculations, the complexation of BT with

AP metal ion was analyzed by FT-IR and ESI-MS research.
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3.2. EXPERIMENTAL METHODS
3.2.1. Materials and instruments

All the chemical compounds were purchased commercially and used with more
purification techniques. During the whole of the tests, distilled water was used. The chlorate
or nitrate salts, solutions of various metal ions salts such as Zn?*, Sn?*, Sr*, Cu?*, Fe®",
Mg?*, Cd?*, Hg?*, AI¥*, Ca?*, Ni?*, Mn?*, Pb?*, Cr¥, and Ti** were prepared. The
synthesized compound was confirmed by FT-IR, 'H & C NMR, and ESI-MS
spectroscopy. Infrared measurement was calculated at 4000-400 cm™! region on an Agilent
Carry 630 FT-IR (Fourier Transfer Infrared) spectrometer. Initially, the *H NMR spectrum
was recorded on a Bruker-400MHz and *C NMR 100 MHz enhancement of the employed
TMS as an internal standard working in DMSO-ds, respectively. Fluorescence
measurements were conducted with the Perkin-Elmer LS45 fluorescence spectrophotometer

with a scan rate of 1200 nm range at room temperature.

3.2.2. Synthesis of Schiff base derivative BT

1-(10H-phenothiazin-2-yl)ethanone (0.48g, 2 mmol) and 4-amino-N-(pyrimidin-2-
yl)benzenesulfonamide (0.42g, 2 mmol) were dissolved in absolute ethanol and stirred for
24 h at 60°C temperature. Then, the reaction was confirmed by TLC in benzene solvent
used. After cooling to room temperature the resulting solution was poured into distilled
water with stirring, a light yellow precipitate was obtained. The precipitate was filitered off
and dried in vaccuo. Further, it was recrystallized using absolute ethanol to get the desired
product BT. Yield: 83%. FT-IR; (C=N) 1591 cm™, (NH) 3345 cm™ Fig.S1 (ESIY). H
NMR (500 MHz, DMSO-ds) & 8.53 (s, 1H), 8.54 (s, 1H), 8.83 (s, 1H), 7.682-7.661 (d, J
=8.4, 2H), 7.409-7.404 (D, J = 2.0, 2H), 7.389-7.384 (d, J = 2.0, 2H), 7.099-7.039 (J = 2.4,
2H), 6.980-6.961 (d, J = 7.6, 2H), 6.841-6.820 (m, J = 8.4, 2H), 6.723-6.700 (m, J = 10.4,
2H), 6.632-6.610 (2, J = 8.0, 2H), Fig.S2 (ESI%). 3C NMR (100 MHz, DMSO-ds), &

(ppm):196.88, 158.23, 157.15, 152.98, 141.97, 141.16, 136.06, 129.77, 126.25, 126.11,
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124.76, 123.25, 122.52, 122.17, 114.53, 112.62, 112.09, 26.44 Fig.S3 (ESI{). ESI-MS
(m/z): calculated for C27H19NsOsS, [M + H]*: 473.1600; found: 473.2721 as shown in

Fig.S4 (ESIY)..
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Fig.S4. ESI-MS spectrum of BT

3.2.3. UV-vis and fluorescence experimentation

The stock solutions of different metal ions nitrate or chloride salts were prepared in
aqueous water. The stock solution of BT (10uM) was prepared in aqueous water for
spectroscopic studies. The absorption and fluorescence spectra measurements were carried
out by using 5 mL mixed solution of BT (10 uM) solution and metal ion solution with an
accurate concentration in a quartz cell used in ethanol/ water HEPES buffer solution (5 mM,
1: 4, viv, pH 7.4) at room temperature. All fluorescence experiments have been conducted

upon excitation wavelength at 290 nm.

3.2.4 Cell culture

The human hepatocellular liver carcinoma cells (HepG2 cell lines) (NCCS, Pune,
India) were grown in DMEM in addition to 10 % of FBS and antibiotics (streptomycin-50
ug / mL; penicillin-100 pg / mL), at 37 °C, 5 % CO2 incubator, cells were produced at

95 %.
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3.2.5. Anticancer activity and Cell viability assay

The cytotoxicity of BT was tested using a 3-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) assay against HepG2 cell lines. Cells were seeded onto
a 96-well plate at a cell density per disc 1.5x10* and incubated at varying concentrations
from 0.0-500 uM to last 48 hours in a medium containing BT. Triplicate wells with 100 uL
of MTT added to each well are retained for each operation. It was incubated at 37 °C for 4
h, allowing MTT reaction and metabolically active cells to form crystals of formazan. The
medium for MTT was cautiously discarded from the wells. To extract intracellular formazan
crystals, 100 uL. of DMSO was applied to each well and the dishes shaken for 10 minutes.
Using ELISA, at 365 nm, the reader and absorbance were readout. Using a fluorescent
microscope, the photographs of the cells were analyzed. The survival percentage was
determined using formula: %survival = [live cell number (test)/live cell number (control)]

x100.

3.2.6. Fluorescence microscopic study

For in-vitro fluorescence imaging of BT, the cells were seeded in a 35 mm culture
dish at a density of 3x10° cells per dish. After completion, 60% confluence for fluorescence
microscopy was replaced by aluminium nitrate augmented with the serum to absorb Al
ion by 40-hours developing cells, BT (5.0 uM), dissolved in DMSO/H20 (99/1), in addition
to new media to allow BT to be absorbed by cells to form the AIP*-BT complex. Three hours
of incubation followed afterward. Under a fluorescence microscope, both excitations of AP
ion were trypsinized and examined for BT images at 365 nm using a 10x fluorescent target.
The bright and fluorescence field knowledge was obtained using the fluorescence
microscope 40x-Olympus FV1000-LX81.z, Camedia software, and Adobe Photoshop

version 10.0 processed using. For the control trial, the media was stripped off AI** ion.
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3.2.7. Theoretical studies

Computational calculations were performed in the Gaussian09 program [35]. The
geometry optimization was performed with the B3LYP method by using minimize structure.
Mulliken atomic charges and Molecular Electrostatic Potentials (MEPs) of
benzenesulfonamide were plotted in a 3D diagram carried out by optimized structures at the
same level theory. Moreover, HOMO and LUMO energy values were calculated and energy
gap for benzenesulfonamide were calculated by using the B3LYP method with a 6-31G
(d,p) basis set. Besides, the dipole moment, polarisability, and hyper polarisability were

established from molecular polarizabilities based on theoretical calculations.

3.3. RESULTS AND DISCUSSION

As shown in Scheme 1, Schiff base compounds based on the fluorescent
chemosensor BT, (E)-4-((1-(10H-phenothiazin-2-yl)ethylidene)amino)-N-(pyrimindin-2-
yl)benzenesulfon amide (BT) was synthesized (Scheme 1) and characterized by FT-IR, ESI-
MS, *H, and *C NMR spectroscopic methods. Further, colorimetric studies with naked eye
UV-vis and fluorescence spectroscopic performed HEPES buffer solution in EtOH: H20
(1:4, viv, pH=7.0) and under excitation wavelength at 290 nm. The fluorescent chemosensor
BT solution was explored for different metal ions and fluorescence intensity at 516 nm for
high sensitivity and selectivity of AI** ion and further investigated such competitive metals

ion by EDTA titration method, and theoretical calculation used in Gaussian 09 program.

OH
N

%Tj
N~
o) OH
H E:N N\ H N
CH, \OijJ Ethanol H I o
+ Z Reflux 3
S H,N

Scheme 1. The synthesis compound of BT
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3.3.1. Absorption studies

The UV-Visible absorption technique was carried out to study the interaction of
analytes with chemosensors [36-39]. All experiments were carried out in ethanol/water
HEPES buffer (5 mM 1:4, v/v, pH=7.0) at room temperature. The colorimetric studies for
BT solution exhibited a bright yellow color to light yellow color appeared by the naked eye
under UV lamp (Fig.1). As shown in Fig.2, the compound BT exhibited a three absorption
band maximum at 252, 272, and 295 nm, which might have appeared due to intra-ligand
n —7n* electronic transition and another absorption band at 327 nm, which might be caused
due to n — =w* electronic transitions from non-bonding orbitals on the heteroatoms to
n* orbitals of BT. The absorbance of BT was explored with different metal ions such as
alkali metal ion (Ca%*, Mg?*), one alkali earth metal ions (Mg?*), and transition metal ions
(Ag*, Cu?*, Fe**, Co?*, Ni?*, Mn?*, Zn?*, Cd?*, and Mg?*) in ethanol/water HEPES buffer
(5 mM 1:4, v/v, pH=7.0) at room temperature was studied. The absorption spectra of BT
demonstrated considerable shift in the presence of AI** ion with various wavelengths, while
the other metal ions did not generate any significant changes in the absorption spectrum
(Fig.2). After the addition of the AI** ions, the spectrum of BT shows a new absorption at
327 nm and two new isosbestic points band at 308 nm and 340 nm appeared during the
titration of BT with AI®* (Fig. 3). The redshift (bathochromic) in absorption is because of
the donor atoms in BT binding to the metal ion (AI**) to generate a chelate ring; therefore
conjugation is extended which is possibly the reason for the redshift in the absorption

intensity.
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Fig.2. Absorption spectrum of BT (10 uM) with different metal ion (5 equiv)
used in ethanol/water HEPES buffer solution in EtOH:H20 (5 mM, 1:4, v/v)

pH=7.0.
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Fig.3. Absorption spectrum of BT (10 uM) with increase concentration of AP
ion used in ethanol/water HEPES buffer solution (5 mM, 1:4, v/v) pH=7.0.

3.3.2. Fluorescence studies

The selectivity of BT was initially evaluated by fluorescence lamp due to pale
yellow color change to blue color appeared, because with all metal ions no color change was
observed by fluorescence under 365 nm UV lamp (Fig. 4). An equimolar solutions of BT
(10 uM) was added to solutions of different heavy transition metal ions such as Cr3*, Pb?",
Zn?*, Sn?*, Sr*, Cu?*, Fe**, Cd?*, Hg?", AIF*, Ca?*, Ni?", Mn?, Ti** and AI**ionin
ethanol/water HEPES buffer (2 mM 1:4, v/v, pH=7.0) at room temperature explored by
fluorescence spectroscopy. The emission study demonstrated that the compound BT shows
weak emission maximum intensity at 516 nm was observed on excitation wavelength at 290
nm (Fig. 5). On the addition of AI** for the emission intensity at 516 nm was redshifted;
however, other metal ions did not produce any significant change in the fluorescence
spectrum. The metal-ligand binding induced switch-ON fluorescence of BT was completely

selective towards AI** ions. The binding of the BT- AI** complex study was examined by
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various spectroscopic techniques. From the titration on the addition of 2 equiv. of AI**
gradually decreased the fluorescence emission intensity at 516 nm, (Fig. 6) become stable
representing the coordination of BT (10 pM) with AI®* in stoichiometric complex 1:1
binding mode. Job plots adopted from the fluorescence data also indicated 1:1
stoichiometric for the Complexation of BT- AI** (Fig. 7). The binding constant (K)
estimated from the fluorescence intensity at 516 nm using the Benesi-Hildebrand plot was
found to be 3.27 x 10" MY(AI**), representing the capable binding of BT with AI** (Fig. 8).
The detection limit of AI** was predicted at R?=0.9965 using the equation DL = 3c/k, where
o is the standard deviation of empty measurements; K is the slope of intensity versus sample
concentration (Fig. 9) to understand the binding properties of BT as a receptor for AI**
titration of BT was accomplished with increasing gradually — AI¥* for all calculation

methods.
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Fig.5. Fluorescence spectrum of BT (10 uM) with different metal ion (5
equiv) used in ethanol/water HEPES buffer solution in EtOH:H20 (5 mM,
1:4, viv) pH=7.0.
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3.3.3. Binding mechanism

Binding studies demonstrate that BT is sensitive and selective for AI** as shown by
fluorescence changes observed at 516 nm. The chelation of AI** with O and N donors of BT
increase the rigidness of the molecular association (CHEF) through the inhibition of the
rotation due to the rigid azomethine nitrogen (CH=N). The fluorescence of BT, because of
the delocalization of accessible lone pairs of electron on the imine (C=N) nitrogen atom to
the aromatic moiety leads to the quenching effect of fluorescence through the photoinduced
electron transfer (PET) process (Scheme 2). The emission enhancement was observed by
two effects (PET and CHEF) that are responsible for titration methods. The PET mechanism
was confirmed by further studies such as IR and Mass spectroscopy. Initially, NH stretching
peak at 3345 cm* disappeared and a new peak appeared 3316 cm™, the functional group of
the imine peak at 1591 cm™ disappeared, while a new peak at 1601 cm™ appeared due to
the addition of 0.5 equiv of AI®* (Fig.S5, ESIt). The ESI-MS spectrum showed exact
molecular weight present in 498.1849 m/z after adding AI** (1 equiv) into BT solution and
compared to the original compound exact mass present at 473.2721 m/z (BT), Job’s plot

confirmed by 1:1 stoichiometry for BT-AI** (Fig.S6, ESI).

PET OFF
PET ON A )

-

AR

\ ‘
Fluoreseence OFF ) CHs
5 Fluorescelice

Excitation wavelength at 327 nm

R |

Scheme 2 The synthesis compound of BT+AIP*
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3.3.4. Competitive metal ion studies

The fluorescence intensity of BT- AI** was examined with other interfering metal
ions such as Cr¥*, Pb?*, Zn?*, Sn?*, Sr?*, Cu?*, Fe*, Cd?*, Hg?*, AIF*, Ca?*, Ni?*, Mn?*, Ti®*
and AI** in ethanol/water HEPES buffer (5 mM 1:4, v/v, pH=7.0) at room temperature. It
intervened with the estimate of AI** ion. As shown in Fig. 10, excitation wavelength 290
initially used, and emission intensity at 516 nm was observed respectively. The fluorescence
spectrum of BT exhibited increase intensity at 516 nm in the presence of AI®* ions (Aex =
290 nm), but when including other metal ions with AI** might not make any noteworthy

sensing in the emission intensity of BT at 516 nm.
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BT Cr* Hg® Ca?* Ag* Ni* Na' Pb* Cu* Fe** Co* AP* Mn? Zn*
Cd* Mg? K2+  + + + + + + + + + +

Fig.10. Emission intensity of BT (10 uM) at Aem = 516 nm and the presence of
various metal ions (5 equiv.) in ethanol/water HEPES buffer (5 mM, pH 7.0; 1 : 4,

However; different metal ions might have an effect on the fluorescence intensity of
the BT with equimolar AI¥* ions. To estimate the major effect of various metal ions, the
fluorescence intensity at 516 nm (Aex = 290 nm) was monitored when the BT is mixed with

A" ion, respectively (Fig. 11). The fluorescence emission intensity of BT mixed with AP
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did not significantly change in the presence of other metal ions. The obtained results
demonstrate that BT could be used to detect AI**ion even in the presence of other metal

ions relatively.
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Fig.11. Competitive metal studies BT (10 uM) at Aem = 516 nm and the presence of various
metal ions (5 equiv.) in ethanol/water HEPES buffer (5 mM, pH 7.0; 1 : 4, v/v) at room
temperature.
3.3.5. Reversibility

The reusability of the probe is a remarkable quality for predicted its probability for
its application and hereafter reversibility tests of BT with both AI** ion was carried out in
ethanol/water HEPES buffer (5 mM 1:4, v/v, pH=7.0) at room temperature (Fig.12). The

fluorescence spectra of the BT have been recorded with 2 equiv. of AI** ion at 516 nm

respectively. The emission intensity of metal complexes was quenched after adding an

75



increased concentration of the chelating agent EDTA solution, which can be seen as the
regeneration of the free BT. For a second time, the addition of the AI** ion into the BT
solution mixture caused fluorescence enhancement completed within 5 min and further
added the chelating agent EDTA solution induced the quenching of fluorescence intensity.
The obtained results showed that BT was a reversible and reusable sensor up to three cycles

for AI** ion by the gradual addition of suitable strong chelating reagents such as EDTA.
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Fig.12. Emission intensity of BT (10 uM) at Aem = 516 nm and the presence of various
metal ions (5 equiv.) in ethanol/water HEPES buffer (5 mM, pH 7.0; 1 : 4, v/v) at room
temperature.
3.3.6. Cytotoxicity activity

The anticancer effects of newly synthesized materials against liver cancer cell
(HepG2) were measured by the MTT based metabolic assay as the procedure described
previously (Mosmann et al., 1983). Briefly, the cells (approximately ten thousand cells)

were seeded in well (96-well plate) containing 100 pL of fresh medium and extended for 24

h incubation. Then, cells were undergone for 100 uL of different concentrations (ranging
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from 0.0-500 UM concentration) treatment with of the newly produced compound in each
well, respectively. After 24 h of treatment, 100pL of MTT was added and incubated for 2-
4 h. Then, the reaction was arrested using 100 pL volumes of DMSO and the measurement
was carried at 360 nm. The cytotoxicity of synthesized compound was indicated as
concentration of the extracts inhibiting cell growth by 50% (ICso), the ICso values of
synthesized compound shown in (Fig. 13) and (Table 1). The compound BT showed
anticancer activity (47.15 uM) against human liver cancer cells shows in (Fig. 14).

Anticancer activity results revealed that the synthesized compound showed potent inhibition

of liver cancer cell proliferation.

Fig.13. Live cell images of BT: (a) before and (b and c) after treatment with BT
examined by fluorescence microscopy

Cellviability %

0.9 1.95 3.9 7.8 15.6 31.2 62.5

Concentration

Fig. 14 The ICso values of BT against MCF7 cell lines
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Table 1. The ICso values of BT against MCF7 cell lines.

Anticancer effect of BT on HepG2 cell line
. Cell Viability %
Concentration (UM)
BT
0 100
0.9 95
1.9 82
3.9 75
7.8 61
15.6 43
31.25 27
62.5 18
125 11
250 7
500

3.3.7. Cell Imaging

HepG2 cancer cells were incubated with AIP* (0-100 pg/mL) and exposed to
compound BT for 30 min at 37 °C. Compound BT-AI** have been selected for cell imaging
process due to their strong emission intensity in presence of the probe. (Fig. 15) represents
the confocal fluorescence images of HepG2 cell lines upon separate treatment of DAPI
control, metal salts, probe, and its complexes. Gradual increase in the sensor concentration
(0, 20, 50, and 100 ug/mL) follows a proportional relationship with respect to fluorescence
intensity for AI** complex (Fig. 15). Magnified images (Fig. 15) can clearly distinguish the
motif of binding inside the living cell. Hence, the receptor BT has good cell permeable
character can be used for the easy detection of AI**ion inside the living cell. Moreover,
resemblance in cell imaging was also observed when HepG2 cell lines were used instead of

HepG2 cells (Fig. 15).
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Fig.15. Confocal fluorescence and merged images of HepG2 cells were stained with DAPI, BT-AI*,
respectively. (a) HepG2 cells incubated with BT-AI®* (5 uM) only, (b) HepG2 cells pre-incubated with BT-
AR (5 uM) followed by 0.1 mM BT, (c) cells were stained with both DAPI and 5 uM BT-AI**; (d) cells of (c)
further incubated with BT (0.1 mM) for another 30 min, (e) and (f) were merged images. Scale bar, 30 pum.

3.3.8. Theoretical studies
3.3.8.1. HOMO and LUMO analysis

The HOMO and LUMO are delocalized from the whole molecule for all study with
the Schiff bases compound. The energy level of HOMO and LUMO is an extremely
important parameter to define the relativities of molecules because they generally take part
in chemical reactions. The lower molecule EHOMO has a weak electron-donating
capability. However, the higher molecule EHOMO means the good electron donor [40].
The DFT method was used in the B3LYP/6-31G(d,p) basis set, and calculated energy level.
The molecules with a methyl group in substituted benzenesulfonamide and NH group in
ring. The largest EHOMO value at 3.24 eV and the lowest ELUMO value at 2.43 eV for
compound BT, both calculated the bandgap energy level at 1.64 eV, because of the decrease
in the LUMO value (Fig. 16). This compound has a stronger electron-donating ability than

other Schiff bases. In the meantime, the other calculation method include is dipole moment,
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polarizability, and hyperpolarisbility are given data in Table 2. The present work obtained
results that the existence of a structure resembles benzenesulfonamide-ring increase the

HOMO orbitals.

E Lumo =-1.752¢eV

A

AE=3 519 pV/

Fig.16. Energy level diagram of BT

Table 2 Calculated energy values (eV) of compound BT in gas phase

B3LYP/6-311++G(d,p) BT

Enomo -5.2715
ELuomo -1.752
ELumo-Homo 3.5194
Electronegativity -3.5118
Hardness 1.7595
Electrophilicity index 3.5042
Softness 7.731
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3.3.8.2. Molecular electrostatic potential (MEP) analysis

The MEP is an essential tool for the molecular interactions within a given molecule.
The hydrogen-bonding interactions and electrophilic and nucleophilic attacking are very
useful for predicting and interpreting relevant reactivity sites for [41,43]. The 3D plot of the
MEP diagram for the Schiff molecules (BT) is shown in Fig. 17 and calculated by using the
optimized structure of molecular at the B3LYP/6-31G(d,p) basis set. The compound BT has
noticed the molecular electrostatic potentials at the surface for the molecule which was
shown in different colors. As a result, that the red colors represent negative electrostatic
potential, the blue colors represent positive electrostatic potential, and green colors represent
the regions of zero potential. The corresponding of the negative electrostatic potential of the
attraction of the proton, whereas, corresponds to the repulsion of the proton with positive
electrostatic potential.

Elzcirosiciic Poizniicl

0, 04715

0.0103

-0. 0202

-0.0512

Fig.17. Molecular electrostatic potential surface of BT

=002y
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3.3.8.3. Mulliken charge distribution analysis

Mulliken charge population investigates leads to the same conclusion of charge the
distributions all Schiff bases of organic compounds. The charge distributions above all
atoms propose the formation of donor and acceptor paired relatively the charge transfer in
this molecule, the highest negative charge density which is placed on O and N atoms, further
responsible for a strong bond between the substrate surface and Schiff base. The Mulliken
charge distribution of the molecule is calculated by B3LYP at 6-31G (d,p) level theory. The
synthesized compound BT, charge distribution shows that all the nitrogen and oxygen
highly negative charges and Mulliken charges are very low compared with natural charges
(Fig. 18). In further negative charge could spread all over C1, C3, C5, C6, C8, C11, C15,
C18', and C19', therefore due to these atoms attached all the molecules. While, other atoms
attached to a molecule such as N10, CH315, N16, N22, S21, N22, N24, and N24' are given
in Table 3. In concluding that design and synthesis this compound ready for nucleophilic

substitution reactions.

COVONZOZZO00
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Chargesi
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atoms
Fig.18.Mulliken atomic charges for BT
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Table 3 Mulliken atomic charges of compound BT

Atom BT Atom BT
C-1 0.309 | N-16 -0.513
C-2 -0.115 | C-17 0.22
C-3 -0.094 | C-18 -0.089
C-4 -0.078 | C-18' -0.09
C-5 -0.115 | C-19 -0.075
C-6 -0.142 | C-19 -0.086
S-7 0.189 | C-20 -0.243
C-8 -0.134 | S-21 1.259
C-9 0.32 | N-22 -0.693
N-10 -0.559 | C-23 0.529
C-11 -0.123 | N-24 -0.434
C-12 -0.125 | N-24' -0.472
C-13 0.072 | C-25 0.125
C-14 -0.139 | C-25' 0.122
C-15 0.274 | C-26 -0.124
CH3-15' 0.384

3.3.9. NLO effects

Nonlinear optical is a forerunner of current research that provides key functions of
optical switching, optical modulation, optical logic frequency shifting, and optical memory
in emerging technologies such as optical interconnections signal processing and
telecommunications. When describing nonlinear optical properties an external radiation
field is often approximated as an external dipole moment caused by a polarization molecule
caused by an induced dipole moment. This molecular system of first hyperpolarizability (o)
is calculated using the B3LYP/6-31G(d,p) method, based on a finite field approach. The
estimated BT values for hyperpolarizability are given in Table 4 Urea is one of the reference
molecules used in molecular systems to test NLO properties and also used for comparative

purposes. The compound BT measured first hyperpolarizability (Brot) is 139.906x10*esu,
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which is six times greater than that of urea (Bo 1.21x10°%). Thus, this molecule may serve

as a nonlinear optical material for a prospective building block.

Table 4 Dipole moment, Polarisabiltiy, Hyperpolarizability values of compound BT

Parameter Dipolemoment (Debye) Hyperpolarizability (a.u)
BT
Hx 9794.942 PBxxx -159.606
Ly 4546.899 Byyy 4.3205
Lz 5231.86 Bzzz 1.0394
Ltotal 139.906 Bxyy -47.817
Parameter Polarisability (a.u) Bxxy 59.3327
Oxx -204.44 Bxxz -68.893
Oy -175.20 Bxzz 108.453
Ozz -183.08 Byzz -2.432
Olxy -9.77 Byyz 3.7775
Olxz 4.56 Bxyz -4.4776
Olyz 4.26 Bo (esu) x10°%° 1.21
0o (esu)x10723 2.8 Aa (esu) x10724 4.42

3.4.  CONCLUSIONS

In the present work, the benzenesulfonamide is based on the Schiff base of BT
characterized by FT-IR, *H NMR, and **C NMR spectroscopy and mass spectrometry. The
compound BT exhibited that the recognition for AI** in ethanol/ water HEPES buffer
solution (5 mM, 1: 4, viv, pH 7.4) at room temperature in a UV-Visible and fluorescence
spectroscopy. The fluorescence emission intensity at 516 nm (excitation wavelength at 290
nm), fluorescence “turn-on” due to the presence of AI** ion with a high peak below all metal
ions. Photoinduced Electron Transfer (PET) and stimulating the Chelation Enhanced
Fluorescence (CHEF) process for BT+AI®* is coordinated through the NH group and imine
nitrogen inhibited and blocked. Job’s plot was shown by 1:1 stoichiometric for BT- A",

The binding constant (K) was determined fluorescence intensity at 516 nm, Benesi-
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Hildebrand plot at 3.27 x 10" M (AI**), The detection limit of BT for AI** was observed

R?=0.9965. Competitive metal ions extensively study for the presence of AI**, whereas, after

the EDTA solution added into BT+AI®* was examine that reversible and irreversible. The

theoretical calculation used in Gaussian 09 program followed by the B3LYP/6-31G(d,p)

basis set.
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Chapter 1V

Synthesis of Schiff base of (Z)-4-methyl-N'-(phenyl(2-(4-substituted)-1H-
benzo[d]imidazol-6-yl)methylene)benzenesulfonohydrazide and their
role as chemosensor for Zn?* and Al%*

4.1. INTRODUCTION

The careful selection of various receptors, each equipped with specific response
groups capable of displaying optical, magnetic, or electrochemical signals, might allow for
the selective detection of target molecules/species. The fluorescence sensing process[1,2] is
one of the most extensively used sensing techniques due to its simple operating procedure
and instrumentation. [3] In addition, this approach has a short measurement time, high
selectivity, and high sensitivity for probing analyte molecules. [4-7] Cationic, anionic, or
neutral molecules/species are likely to be targeted, with Zn?" and AIR* standing out. Zn?* is
the second most common transition metal in biological systems, behind iron. [8] The
quantity of Zn?* in the human body varies a great deal. The Zn?* ion is found in intracellular
serum at a concentration of 12 M, but only 0.1-0.5 M in brain and nerve tissues. [9,10] In
proteins and peptides, the Zn?* ion is tightly bound. In the brain,[11] pancreas,[12]
spermatozoa,[13] paneth cells in the colon, mast cells, granulocytes, pituitary cells, and CNS
neurons, Zn®* ions can be present in free or chelatable form. [14] In the brain, the Zn?* ion
is trapped in the vesicles of presynaptic neurons, where it is released in an inactive state.
[15] The Zn?* ions cause the formation of -amyloid (A), which is associated with the
etiology of Alzheimer's disease. [16,17] In amyloid plaques, Zn?* ion concentrations are
high, ranging from 0.2-1 mM. Pancreatic -cells generate chelatable Zn?* ion and insulin at
the same time, with a local Zn?* ion concentration of 0.48 mM around stimulated -cells

recorded. [18] The ability to track Zn?* ion release from -cells in vivo will help researchers
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better understand the development and management of diabetes. [19] The Zn?* ion is a d'°
system with electronic properties comparable to those of Cd?* ions. As a result, designing
fluorescent chemosensors for the selective and sensitive detection of zinc ions, especially in

biological environments, is challenging. [20].

Because of its multifaceted role and numerous uses of Al-containing compounds,
AI®* ions have a major influence on human civilization. The catalytic activity of the -AlFs
molecule converts the ozone-depleting reagent CFCs into environmentally acceptable
HFCs. [21] AI** MOFs (Al-MOFs) might be used for sorption, separations, water, and air
purification, heterogeneous catalysis, and sensing, among other things. [22] According to
the European Food Safety Agency, the tolerance for AI** is 1 mg Al/kg of body weight per
week (EFSA). [23] In 1976, AI** toxicity was first detected in haemodialysis patients. In
1978, the first case of [24] osteomalacia, commonly referred to as "aluminium-induced bone
disease” (AIBD), was identified. [25] Acid rain causes mineral formations to emit AI®*,
which then becomes a pollutant in the environment. [26] Coffee and tea plants cultivated in
acidic soil have a lot of AI**. Because of these plants, humans are exposed to AI** through
their diet. [27,28] Workers in the AIP* industry get bladder,[29] leukemia, lung, renal,
pancreatic, and brain cancer as a result of increased AI®* exposure. [30] AI** poisoning
decreases the activity of superoxide dismutase (SOD) and catalase, causing changes in nitric
oxide generation in both glia and neurons as well as increased DNA breakage. [31-33] AI**
accumulation in the brain causes neuron degeneration, which leads to diseases including
Alzheimer's, Parkinson's, amyotrophic lateral sclerosis, dialysis encephalopathy, and

multiple sclerosis. [34-37]

Inductively coupled plasma atomic emission spectroscopy and graphite furnace

atomic absorption spectrometry are the most often used AI** ion detection techniques for
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real sample examination. Preparing a fluorescent chemosensor for selective detection of
AR ions is difficult due to its low coordination ability and high hydration ability. The
detection of A" ions is frequently hampered by trivalent ions such as Fe3* and Cr3*. In
Al3+ ion detecting chemosensors, anthraquinone, BODIPY, coumarin, rhodamine,
fluorescein, salicylaldehyde, and other fluorophoric units are typically encountered. [38-44]
Zn?* detecting chemosensors include di-2-picolylamine, quinoline, bipyridyl[45-56], and
others. Fluorescence sensing modalities such as CHEF, ICT, FRET, and PET are all

significant. [56,57-60]

In this work, we created asymmetrical azines of A1 and A2 for the detection of Zn?*
and APP* ions. Presence of fluorescence excitation wavelength in the UV area is the
fundamental drawback of quinoline-based chemosensors. But in both chemosensors (Al &
AZ2) fluorescence excitation wavelengths appear in the visible area. These compounds are
interesting probes in the realm of biological research because of their visible range of
excitation wavelengths. The synthesis of both chemosensors by just altering a substituent in
the ligand framework is an intriguing part of this work. The chloro-substituted chemosensor
detects AI** ions preferentially due to its hard basic nature. Due to its comparably soft rather
intermediate basic nature, bromo-substituted chemosensors predominantly detect Zn2+
ions. The detection limits (LOD) of Al and A2 against Zn?* and AI** ions, respectively, are
1.06x10° M? and 1.13x10° M, indicating that the probes can detect Zn?* and AI** ions in
biological systems. Fluorescence enhancement is controlled via PET Off CHEF On. These
biocompatible chemosensors also display cell permeability and detect intracellular ions in

the MCF7 cancer cell line.
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42. EXPERIMENTAL SECTION
4.2.1. Spectral analysis of compounds Al & A2

The compounds Al and A2 were obtained by refluxing 1:1 molar ratio (E)-4-
(hydrazonomethyl)-2,6-dimethoxyphenol with various substituted benzophenone in
ethanol. The starting material (E)-4-(hydrazonomethyl)-2,6-dimethoxyphenol was
synthesized by refluxing equimolar amount of CoH1004 and hydrazinehydrate in presence
of three drops of CH3COOH in CgHsOH. The reaction pathway is summarized in

Scheme 1.

o
EtOHI 1h N
\NHZ R R
_NH,H

Compound R
HZN A1 Cl
A2 Br

HO

Scheme 1. Synthesis of asymmetrical azine compounds Al and A2

The 'H&BC-NMR, Mass, and FT-IR spectra are used to describe the molecular
structure of produced compounds Al and A2. Table 1 shows the different types of spectra
observed for the produced substances. The spectra of asymmetrical azine compounds Al

and A2 (FT-IR, *H&'C-NMR, and ESI-Mass) are shown in plates 1-8.
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Table 1. Type of the spectra recorded for the synthesized compounds Al and A2

Compounds IR 'HNMR | CNMR | ESI-Mass
Al v v v v
A2 v v v v

4.2.2. FT-IR spectral analysis of compounds Al and A2

The FT-IR spectrum of Al and A2 is given in plates 1 and 2. In general, the
prominent peak occurs in the region of 1615-1621cm™ of compounds Al and A2 is assigned
to stretching C=N vibration and stretching aromatic C-H vibration attributed in the region
of 3045-3074 cm™. The absorption bands noticed in the region of 1510-1523 cm™ are
ascribed to C=C stretching frequencies. The O-H stretching frequencies appeared at 3445-
3445 cm™. The methoxy group occurs in the region of 2926-2938 cm™ for compounds Al

and A2. Table 2 displays the experimental values.

Table 2. Compounds Al and A2 of vibrational frequencies

Assignments Compounds VC=N vc=Cc VC-H VO-H | VOCH3

) . Al 1615 1510 3074 3445 2926
Vibrational

frequency (cm™)

A2 1621 | 1523 | 3045 | 3445 | 2938
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4.2.3. H NMR spectral analysis of compounds Al and A2

The NMR spectra were performed in CDCls. The *H NMR spectrum of synthesized
compounds A1 and A2 are displayed in Plates 3 and 4. The high resolution *H NMR spectra
are recorded for compounds Al and A2. The placements and integrals of the signals were
used to allocate them. The downfield signal at 8.49-8.62 ppm is azomethine proton in
general. The aromatic proton signal is found in the 7.08-7.71 ppm range. OH proton is
assigned to the upfield signal that appeared in the range of 5.33-5.40 ppm. Furthermore, for
compounds Al and A2, the OCHz group was found in the range of 3.94-3.97 ppm. Table 3

summarizes the tentative assignment of experimental *H NMR data of compounds Al and

A2.

Table 3. *H NMR chemical shift (ppm) of Al and A2

Compounds Protons
CH=N Aromatic proton | OH OCHjs
Al 8.62 7.28-7.71 5.33 3.94
A2 8.49 7.08-7.71 585 | 3.90

4.2.4. BC NMR spectral analysis of Al and A2

The 3C NMR spectrum of compounds Al and A2 at 100 MHZ was recorded in
CDCls. The BC NMR spectrum of compounds A1 and A2 are displayed in plates 5 and 6.
The C20H29NO carbons are allocated to the high frequency signals at 160.78-161.48 ppm.
The ipso carbon signal attributed at 159.71-150.09 ppm. The aromatic carbon appeared at
104.74-147.29 ppm, the methoxy group attributed in the range of 56.67-55.70 ppm

respectively. The experimental carbon chemical shifts are presented in Table 4.

98




Table 4. *°C NMR spectral analysis of Al and A2

Carbons

Compounds -
CH=N C=N Aromatic carbon OCHs
Al 160.78 159.71 104.74-146.42 55.70
A2 161.48 150.09 105.47-147.29 56.45

4.2.5. ESI Mass spectra

The Al and A2 ESI-Mass spectra were obtained and are shown on plates 7 and 8.
The mass spectrum of chemical Al shows an ion peak with m/z = 429.60, which
corresponds to the molecular structure computed [428.07]. The compound A2 had an ion
peak of m/z = 516.29 [M+H]+1 computed [515.97], which corresponded to a molecular

structure that was almost identical to their estimated m/z values..

4.3. RESULTS AND DISCUSSION
4.3.1. Absorption studies

The colorless solution of Al exhibited a change in color to become yellow visible to
the naked eye. Using HEPES buffer solution in H.O:EtOH (4:1, v/v) medium at pH=7.0,
UV-visible investigations were conducted to investigate the sensor behaviour of Al
(1.0x10° M) with different metal ions such as Zn?*, AI¥*, Hg?*, Ag*, Ca?*, Na*, Fe®*, Ni?*,
Co?*, Mn?*, Pb?*, Mg?*, Zn?*, Cd?*, and K*. The absorption band at 330 nm is related to the
Zn?* complex, whereas the absorption band at 335 nm is due to the A1 (10 mM) spectrum
studied with various metal ions showed in Fig. 1. In the presence of alkali and alkali earth
metal ions, this interaction demonstrates great selectivity of Zn?* with the sensor. In Fig. 2,
the absorption spectra of sensor Al (1.0x10° M%) with Zn?* (10-110M) in HEPES buffer
solution in H2O:EtOH (4:1, v/v) medium at pH=7.0, with a strong absorption intensity at
335 nm, are displayed. It should be observed that when the concentration of Zn?* ions

increases, the intensity of absorbance decreases.
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Fig. 1 The A1 (1.0x10° M) absorption spectra in EtOH with various
metal ions employed in HEPES buffer solution: (1:4, v/v) H,0O pH=7.0
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Fig. 2 UV-visible spectra of A1 (1.0x10° M) in ethanol with

various concentrations of Zn?* (10-110 M)
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Using HEPES buffer solution in EtOH:H-0 (1:4, v/v) pH=7.0) medium, UV-visible
studies of sensor A2 (1.0x10° M) were carried out with different metal ions such as Zn?*,
A", Hg?*, Ag*, Ca?*, Na*, Fe**, Ni¥*, Co?*, Mn?*, Pb%*, Mg?*, Zn?*, Cd?*, and K". In the
presence of AI** ion, the colourless solution of A2 changed to yellow very instantly. The
absorption spectrum of A2 (10 mM) with different metal ions provided absorption band at
290 nm overall, but another absorption band at 307 nm was observed due to complexation
with AI* ion, as shown in Fig. 3. Two alkali earth metal ions (Mg?*, Ca?*), and transition
metal ions Mg?*, Fe3*, Ni?*, Cd?*, Co?*, Mn?*, Cu?*, Zn?*, and Ag"). In Fig. 4, the absorption
spectra of A2 (1.0x10° M) with A" ion in HEPES buffer solution EtOH:H20 (1:4, v/v)
pH=7.0, the strong absorption intensity at 295 nm progressively decreased with the addition

of AI** ion (10-110M).
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Fig. 3 The A2 absorption spectra in EtOH with various metal ions in
HEPES buffer solution: pH=7.0 H20 (1:4, v/v)
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Fig. 4 UV-visible titration spectra of A2 (10 mM) in ethanol with
various amounts of AI** ion

4.3.2. Fluorescence studies

The sensor Al demonstrated a significant fluorescence intensity at 525 nm with all
metal ions, as shown in Fig. 5. (while excitation wavelength 325 nm). Further, the sensor
Al displayed selectivity of Zn?* ion by turn-off fluorescence signaling by binding with
chemosensor, whereas, all other metal ions slight increase. In a 10 mM HEPES buffer
solution in H20: EtOH (4:1, v/v) at pH=7.0, binding intraction of sensor A1 (1.0x10° M)
with Zn?* (5.0x10°® M1) was performed. When Zn?* (10-110 M) is added to the sensor, the
fluorescence intensity at 450 nm gradually decreases (Fig. 6). In a 10mM HEPES buffer
solution in H,0: EtOH (4:1, v/v) pH=7.0, the fluorescence spectrum of the A2 (1.0x10° M-
1) was examined with various metal ions such as Zn?*, A", Hg?*, Ag*, Ca?*, Na*, Fe*",
Ni2*, Co?*, Mn?*, Pb?*, Mg?*, Zn?*, Cd?*, and K*. Fluorescence intensity appeared at 455
nm, as illustrated in Fig. 7. (while excitation wavelength 450 and 470 nm). The sensor A2
displayed selectivity of AI** ion in turn-on fluorescence signal but other metal ions showed

no change. The great selectivity for AI** caused the "turn-on" fluorescent signal of A2 at
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455nm, but there was no significant change in fluresence in the presence of Ca?*, Ag*, or
Hg?* (Fig 7). In a 10mM HEPES buffer solution in H>0: EtOH (4:1, v/v) pH=7.0, binding
sensor A2 (1.0x10°® M) interacts with AI** (5.0x10° M™). As shown in Fig. 8, adding AI**
steadily enhanced the intensity of A2 (10-110M) at 455 nm, indicating AI** ion binding and

complex formation

800 -
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Fig. 5 Fluorescence spectra of Al in 10 mM HEPES buffer solution in
H>0 with various metal ions: (4:1, v/v) EtOH pH=7.0
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Fig. 6 Fluorescence spectra of Al (1.0x10° M) in the presence of
various Zn?* concentrations (10-110M) in ethanol
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Fig. 7 Fluorescence spectra of A2 in 10 mM HEPES buffer solution in
EtOH with various metal ions: (1:4, v/v) H.O pH=7.0
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Fig. 8 Fluorescence titration spectra of A2 (10 mM) in the presence of
different concentrations of AI** in ethanol

In HEPES buffer solution in H>O:EtOH (4:1, v/v) at pH=7.0, the role of sensor Al
with coupled competitive metal ions was investigated towards Zn?*. For all metal ions, the
sensor Al showed fluorescence intensity at 295 and 325 nm, although there was a "turn-off"
fluorescence effect for Zn?*. As a result, even in the presence of other metal ions as seen in
Fig. 9, the strong paramagnetic character of Zn?* entirely quenched the fluorescence
intensity. For Als+ in HEPES buffer solution in H,O:EtOH (4:1, v/v) pH=7.0, the usage of
sensor A2 with coupled competitive metal ions was investigated. The fluorescence intensity
455 nm of the sensors A2 was stable for all metal ions, however it slightly dropped and rose
to a variable amount in the presence of AI**. Therefore, fluorescence is obviously changed
AI** complex. The fluorescence signal caused by A2-AI** complex was much altered in

presence of ther metal ions like Fe**, Mg?*, & Ag* due to paramagnetism (Fig. 10). Second,
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sensor A2 was examined, and it was discovered that the fluorescence intensity at 455 nm
was slightly reduced and increased to a different size in comparison to the presence of AI**
ions, indicating that they had a required "turn-on" fluorescence signal to give effect for the
recognition of AI¥*. From Fig 10 it is clear that AIP* caused a constant change in

fluorescence intensity at AT while other metal ions lead to appreciate variation.

1000

e A1+Zn?* ions

e A1+Zn2++ Metal ions

800

600

400 4

A1l Zn2+ In2+ Zn2+ Zn2+ Zn2+ Zn2+ ZIn2+ Zn2+ Zn2+ ZIn2+ Zn2+ Zn2+ ZIn2+ Zn2+ Zn2+
+ + + + + + + + + + + + + +

Al3+ Hg2+ Ag+ Ca2+ Nat Fe3+ Ni2+ Co2+ Mn2+ Pb2+ Mg2+ Zn2+ Cd2+ K+

Fig. 9 The fluorescence changes of A1 (10 mM) with Zn?* (10 mM) and
upon addition of Zn?*, AI**, Hg?*, Ag*, Ca?*, Na*, Fe%*, Ni?*, Co?*,
Mn?*, Pb?*, Mg?*, Cd?*, and K* (10 mM) were prepared in HEPES

buffer solution H.O:EtOH (4:1, v/v)
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Fig. 10 The fluorescence changes of A2 (10 mM) with AF* (10 mM)
and upon addition of Zn?*, AP*, Hg?*, Ag*, Ca®*, Na*, Fe*', Ni?*, Co?",
Mn?*, Pb?*, Mg?*, Cd?*, and K* (10 mM) were prepared in HEPES
buffer solution H2O:EtOH (4:1, v/v)

4.3.3. Job’s plot studies and reversibility
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Fig. 11 Job's plot of a 1: 1 complex of A1 (30 mM) and Zn?* ions.
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In this study the presence of Zn?* binding with A1 forming metal complex was poved
with 1:1 stoichiometry. This was evidenced by ka maximum value of 0.62 (Ka) as noted in
the plot of Fi1-Fo versus Zn?*/{[Zn*]+[A1]} (Fig 11). The corresponding associazation

constant was found to be 1.13 x 10° M as determined by Bensi-Hildebrandt (Fig 12).
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Fig. 12 Benesi-Hildebrand plot of A1 (10 mM) using 1:1 stoichiometric
for association between Al and Zn**

The detection limit was calculated as 1.06x10° M as shown in the plot of F vs
[Zn?*] (Fig. 13). The possible binding mechanism of Al with Zn?* which lead to the
fluorescence quenching is shown in Scheme 2. Sensor Al containing one keto group and
two amide group bind with Zn?*, by hydrogen atom transfer. To analyse the binding ability

and reversibility of Al to Zn?* ions, it was titrated using ethylenediaminetetraacetic acid
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(EDTA). The addition of EDTA solution to the A1-Zn?* complex leads to suddenly changed
“turn-on” fluorescence intensity. Chemosensor with Zn?* ion exhibited fluorescence

quenching while the addition of EDTA reverses the complex formation.
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Fig. 13 Detection limit of change of A1 (10 mM) with the total concentration of Zn?*ion

Therefore, sensor Al is reversible in the presence of EDTA, which implements the
presence of AI** binding with metal complex formation. The binding of stoichiometric
complex of A2 for AIF*, showed 1:1 complex formation (Fig.14). This complex of A2-AI**
formation suggested 1:1 ratio was determined by the association constants (Ka) for A2-Al®*
and determined by Benesi-Hildebrand method was calculated 1.13x10° M (Fig. 15). The

detection limit was calculated as 1.13x10° M as shown in K plot (Fig. 16).
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Fig. 14 Job's plot of a 1: 1 complex of A2 (30 mM) and AI** ions.
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Fig. 15 Benesi-Hildebrand plot of A2 (10 mM) using 1:1 stoichiometry
for association between A2 and AI®*.
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Fig. 16 Detection limit of change of A2

The binding ability and reversibility of A1 to selectivity for Zn?* ions was found by
using ethylenediaminetetraacetic acid (EDTA). The addition of EDTA solution to A1-Zn?*
complex leads to sudden decrease of fluorescence intensity (Figs. 17). In HEPES buffer
solution (1:4, v/v) EtOH: H20, fluorescence spectrum variations of A2 (10 mM) and Al
with EDTA solution were generated. The fluorescence intensity at 365 nm was recorded
after adding AI** again. Even after several cycles with sequential replacements of Zn?* and
an EDTA, the fluorescence shifted to reversible. As a result of the findings, chemosensor
Al must be recycled using an appropriate reagent such as EDTA solution. Instead, the
addition of EDTA solution with A2 and AI** complex indicated that no obviously changed
fluorescence intensities (Fig. 18), that A2-AI** complex formation was irreversible with
EDTA. It indicated that completely reversible property by EDTA solution is very
comfortable, because it could be different A2-Al** binding complex. Furthermore, because
of the fluorescence signal "turn-on" procedure, A2 might be beneficial for recognizing AI**.
Although sensor A2 would have recognized AI** in the presence of a specific metal ion, it
did not demonstrate "turn-on™ fluorescence. Finally it is conducted that, sensor Al shows
reversible property of EDTA indicating that Al sensor is selective to Zn?* while A2 is

selective for Al .
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Fig. 17 Fluorescence spectral changes of A1 (10 mM) and Zn?* with
EDTA solution solution (1:4, v/v) EtOH:H,0
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Fig. 18 Fluorescence spectral changes of A2 (10 mM) and AP* with
EDTA solution (1:4, v/v) EtOH:H.0
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Scheme 2. Sensing mechanism of Al and A2

4.3.4. Computational analysis
4.3.4.1. Geometry Optimization

The DFT approach was used to optimise the molecular characteristics of Al and A2
(bond angles, bond lengths, and dihedral angles of compounds Al and A2), as shown in
Table 5 and Fig. 19. The C-N bond distance values for compounds Al and A2 are
noteworthy at C16-N15 and C13-N14. These differences in chloro and bromo bond lengths
show that X251-C25 corresponds to 1.91 and 1.75, respectively, while N15-N14 bond

length is 1.38.

Fig. 19. Optimization structure of the Al and A2
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Table 5. Optimized geometrical parameters of Al and A2

Ceometric Compounds ;igmiigiﬁs Compound
parameters
Al Bond length (A) A2
Bond length (A)

C1-C2 1.40 C1-C2 1.40
C2-C3 1.38 C2-C3 1.39
C3-C4 1.40 C3-C4 1.40
C5-C6 1.39 C5-C6 1.38
07-C10 1.37 07-C10 1.43
C4-08 1.35 C4-08 1.37
09-C12 1.43 09-C12 1.42
C1-C13 1.45 C1-C13 1.45
C13-N14 1.29 C13-N14 1.29
N14-N15 1.38 N14-N15 1.38
N15-C16 1.29 N15-C16 1.29
C17-C18 1.40 C17-C18 1.40
C18-C19 1.39 C18-C19 1.39
C19-C20 1.39 C19-C20 1.39
C21-C22 1.39 C21-C22 1.39
C23-C24 1.40 C23-C24 1.40
C25-C26 1.39 C25-C26 1.39
C27-C28 1.39 C27-C28 1.39
C25-X251 1.75 C25-X251 191
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Bond angle (°)

C1-C2-C3 118.71 C1-C2-C3 119.38
C4-C5-09 121.45 C4-C5-09 112.69
C4-C3-07 112.96 C4-C3-07 122.24
C2-C3-07 126.16 C2-C3-07 118.43
C1-C13-N14 122.41 C1-C13-N14 112.18
C13-N14-N15 115.75 C13-N14-N15 112.18
N15-C16-C17 125.19 N15-C16-C17 124.96
C18-C19-C20 120.26 C18-C19-C20 120.08
C21-C22-C17 120.67 C21-C22-C17 120.52
C24-C25-C26 121.00 C24-C25-C26 121.04
C27-C26-X261 119.43 C27-C26-X261 119.49
Torsional angle (°)
C1-C2-C3-C4 0.34 C1-C2-C3-C4 0.31
C4-C5-09-C12 64.32 C4-C5-09-C12 179.05
C6-C1-C13-N14 0.11 C6-C1-C13-N14 0.75
N14-N15-C16-C17 -176.73 N14-N15-C16-C17 4.52
C18-C19-C20-C21 0.39 C18-C19-C20-C21 -0.44
C23-C24-C25-C26 0.31 C23-C24-C25-C26 0.31
C26-C27-C28-C23 -0.21 C26-C27-C28-C23 0.21
C24-C25-C26-X261 -178.42 C24-C25-C26-X261 -179.82
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4.3.4.2. Nonlinear optical properties
The calculated NLO activity of the compound Al specimen are, oot = 3.610x1072
esu, Prot = 7.152x10% esu, p = -0.283 and compound A2 are oot = 3.469x102* esu, Prot =

8.942x10® esu, p = 4.659 as shown in Table 6.

Table 6. The NLO activity of Al and A2

Al Parameters A2
Dipole moment
3.589 Hx -2.727
-1.667 Hy 3.527
-0.283 Mz -1.355
-0.283 M 4.659
Polarizability
163.49 Oxx 171.85
143.43 Oy 152.50
165.03 0z 173.04
26.19 Oxy 5.39
2.65 Olxz 8.43
2.25 Qyz 3.44
7.152X10-%4 oo 3.469X10%4
Hyperpolarizability
296.593 Bxxx -22.259
-34.727 Byyy -13.982
-1.349 Bzzz -3.873
-43.751 Bxxy 54.985
-19.587 Bxxz -67.335
25.598 Bxzz 51.205
3.623 Byzz -7.462
-4.514 Byyz -22.473
-4.514 Bxyz -13.552
3.610X1033 Bo 8.942X103%
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It is indicated that Piot has its highest portion of PBxxx along the X-direction which
means that electron cloud delocalization is more in this direction. The DFT/6-31G (d,p)
technique yielded a Brotar Value of 0.382x1072 esu for urea. The B value of Al is 9.45 times
that of urea, while the § value of A2 is 23.40 times that of urea. The urea molecule is used
as a model for nonlinear optical characteristics. The NLO feature comes from the strongest

intramolecular and intermolecular hydrogen bonding interactions, which boost the 3 value.

4.3.4.3. HOMO-LUMO analysis

The highest occupied molecular orbital and the lowest empty molecular orbital are
found in frontier molecular orbitals, and the energy gap is one of the most efficient
characteristics. FMOs were extremely useful in measuring molecular dynamics and
describing chemical reactions. The total energy, HOMO and LUMO energies, the energy
difference, the ionizing potential (1), the dipole moment (D), the absolute electronegativity
(%), the electron affinity (A), softness (S), and the absolute hardness (1) for the Al and A2
were computed on the basis of the B3LYP/6-31G (d, p) foundation. The HOMO-LUMO
orbitals are depicted in diagrams in Fig. 20. Compounds Al and A2 have distinct energy
values of 6.9372 eV and 6.1726 eV, respectively. Correspondingly, the energy gap for
compound Al is higher while for A2 its value is smaller. The HOMO-LUMO energy

difference values are given in Table 7.

117



Energy

Fig. 20. HOMO and LUMO diagram of Al and A2

Table 7. Compounds Al and A2 Calculated energy values (eV)

Molecular Electro- | Chemical | Electrophil
ELumo- . o Softness
property | Enomo ELumo Enono negativity | hardness | icity index (s)
. HOM
(inev) ) Q) (®)
Al -6.4825 | -0.4547 6.9372 3.0139 3.4686 1.3094 0.14415
A2 -6.609 | -0.4364 6.1726 3.5227 3.0863 2.0104 0.1620
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4.3.4.4. Molecular electrostatic potential

MEP analysis displays a plot of electrostatic potential projected on the fixed
potential electron density surface, which may be used to determine the reactivity of
positively and negatively charged reactants, examine H-bond interactions, and enzyme-
substrate interactions. The MEPs of Aland A2 investigated are shown in Fig. 21. From blue
to red, the potential values drop. The blue hues are the most appealing, while the red colors

are the most revolting.
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Fig. 21. MEP diagram of Al and A2

4.3.4.5. Mulliken atomic charge analysis

The electronic charge on atoms within a molecule is a critical element in determining
the molecule's binding ability. The electron density distribution over the molecule is
depicted by the atomic charge of the molecule. Table 8 and Fig. 22 show the estimated
Mulliken atomic charge of Al and A2. The hydrogen atoms that are coupled to the N and
O atoms have a higher positive charge than the other hydrogen atoms. The atoms of
hydrogen are positively charged. These final data demonstrate their electronegative charge
binding effect. It's worth mentioning that the intermolecular hydrogen bonds formed in this
molecule support these findings. H11 appears to have the largest Mulliken charge among

the hydrogen atoms in Al and A2 (0.337). Compound Al has the most electronegative

119



charge values (-0.569, -0.561, -0.53), while compound A2 has the most electronegative
charge values (-0.569, -0.561, -0.53). (-0.533, -0.562, -0.571, respectively). The Mulliken
charge value for N atoms in the azomethine group is expected for the electronegativity of
these compounds. When compared to other atoms, the oxygen atom has the highest atomic

charge because of the methoxy group of highly electronegative atoms.

Table 8. Compounds Al and A2 of Mulliken atomic charge

S.No Al Mulliken A2
atom
1 0.072 C1 0.069
2 -0.174 C2 -0.164
3 0.332 C3 0.310
4 0.269 C4 0.270
5 0.317 C5 0.342
6 -0.148 C6 -0.163
7 -0.569 o7 -0.533
8 -0.561 08 -0.562
9 -0.531 09 -0.571
10 -0.078 C10 -0.841
11 0.337 H11 0.337
12 -0.083 C12 -0.079
13 0.129 C13 0.132
14 -0.312 N14 -0.314
15 -0.346 N15 -0.342
16 0.198 C16 0.197
17 0.072 C17 0.072
18 -0.105 C18 -0.105
19 -0.091 C19 -0.092
20 -0.078 C20 -0.080
21 -0.098 C21 -0.102
22 -0.071 C22 -0.073
23 0.076 C23 0.080
24 -0.091 C24 -0.095
25 -0.077 C25 -0.095
26 -0.092 C26 0.056
27 -0.078 C27 -0.096
28 -0.121 C28 -0.125
29 -0.023 C251 -0.129
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Fig. 22. Mulliken atomic charge distribution and Al and A2 Mulliken plot

4.3.4.6. Docking analysis of Al and A2

Schrodinger software was used to analyze molecular docking investigations
(Maestro 11.2). The docking data revealed the binding with different ligands Al and A2 of
the human estrogen receptor along with regorafenib, which is the standard drug for breast
cancer to computationally evaluate the protein binding activity. The molecular docking
process established the binding affinity and inhibitory constant which demonstrated the

excellent values of almost the ligands.

Table 9. Molecular docking studies of A1 and A2

Regorafenib Al A2

glide energy -50.71 -38.32 -38.11
glide ecoul -1.07 -1.73 -1.576
glide evdw -43.64 -36.59 -36.54
glide gscore 9.00 -6.45 -6.32
Interacting - LEU 387, TRP 383, LEU ILE 424, MET 528, GLY

Residues 384, MET 388, GLU 353 420, GLU 419, MET 421
glide ecoul = Coulomb interaction energies, glide evdw = van der Waals interaction energies
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The molecular docking studies show that chemicals Al and A2 attach to the target
protein's active site with different corroboration positions and energy levels. Given identical
conformational behavior within the active area of the target protein, Fig. 23 depicted the
binding pattern of A1 and A2. The binding sites A1 and A2 revealed some common residues
to bind with the receptor protein which are Leusss, Trbass, Alasso, Leusag, LySs29, lles24, Met
421, Glyazo, Gluaig, Phesos, Thrasz, Metsss. The binding energy results of the docked

compounds Al and A2 are displayed in Table 9.

Fig. 23. The 2D diagram (a,b) docking image of compounds Al and A2

4.3.4.7. Cytotoxicity evaluation

The typical metrics for determining the biocompatibility of compounds are
cytotoxicity and cell viability. In comparison to MCF-7 cell lines, azine chemicals have a
more cytotoxic impact. The cytotoxicity reactions of Al and A2 at various doses are
disclosed, and cellular imaging clearly demonstrates this. It has been shown to be an
effective candidate for monitoring intracellular concentration changes under particular
biological situations, and its cytotoxicity and MTT assay have been validated in MCF-7

cancer cells treated for up to 5 hours with varied doses of A1 and A2 azine chemicals.
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Fig. 24. MCF-7 live cell pictures of Al and A2: (a) before and (b & c) after
confocal microscopy examination with Al and A2

The cytotoxic action of the Al and A2 was tested on the MCF-7 cell line using an
MTT assay, which allows us to assess the effect of complexes on cellular mitochondrial
metabolism. The cells were exposed to increasing doses of the chemicals for two days.
Figure 24 shows microscopic pictures of control tumor cells and apoptotic morphological

changes in compounds-treated MCF-7 cell lines, whereas Figure 25 shows a bar diagram.
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On the MCF-7 cell lines, the compounds show significant cytotoxicity with ICso values of
73.3. In comparison to MCF-7 cancer cells, the azine compounds Al and A2 had a more
effective inhibitory impact and had the higher ICso value. Table 10 shows the ICso values
of compounds in contrast to MCF-7 cell line results.We are persuaded to suggest that the

electrical effect might be one of the elements behind the anticancer properties of chemicals.
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Fig. 25. Compounds Al and A2 ICsp values against MCF-7 cell lines

Table 10. The ICso values of compounds Al and A2

MCF7 cell line on Anticancer effect of A1-A2
. Cell Viability %
Concentration (unM)
Al A2
0 100 100
0.9 73 78
1.9 69 70
3.9 65 69
7.8 60 61
15.6 55 54
31.25 49 32
62.5 16 19
125 9 16
250 10 13
500 8 10
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4.4, CONCLUSIONS

In summary, new and simple water-soluble fluorescent chemosensors namely
asymmetrical azine derivatives viz., Al and A2 were synthesized. The FT-IR, 'H, and 3C
NMR, and ESI-MS spectrum investigations were used to identify the produced compounds.
The mass spectra of Al and A2 are quite close to the chemical formulas provided for the
respective substances. Chemosensors Al and A2 show an increase in emission intensity
when Zn?* and AI** ions are present. The detection limits (LOD) of Al and A2 versus Zn?*
and AP ions, respectively, are 1.062 10° M and 1.13 10° M7, indicating that the probes
can sense Zn?* and AI** ions in biological systems. The binding affinity including both metal
ions for chemosensors, as well as the ka values of metal-bound chemosensors, indicate that
the probes have a strong affinity for the respective metal ions. The structure of both Zn?
and AI** ions linked chemosensors in Al and A2 proves the PET-OFF-CHEF-ON process.
All compounds Al and A2 were theoretically computed using the DFT/6-31G (d,p) basis
set, and their optimal bond properties were determined. The oxygen atom will be the most
active site for electrophilic assault, whereas the hydrogen atom will be the most reactive site
for the nucleophilic attack, according to Mulliken Analysis and Molecular Electrostatic
Potential. The investigation on docking studies for compounds A1-A2 was carried with
3ERT protein. The docking results showed an outstanding docking score -6.45 and -6.32
(kcal/mol) for compounds Al and A2. The compounds A1-A2 showed wide inhibition on
the MCF-7 cell line, with ICso values of 50.51 and 63.19 M, respectively, according to the
MTT experiment. According to the obtained ICso values, compound Al had a stronger

inhibitory impact on cancer cells.
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Chapter V

Novel Dual Chemosensor for Fe®*/ Ni%* ions and its
Multi Applications

51. INTRODUCTION

Due to their relevance in the environmental, biology, and chemistry sectors, the
development of extremely sensitive and selective chemosensors has sparked a lot of interest
in detecting heavy metals in recent years.[1-10] Iron, the world's third most abundant metal,
is a frequent component of living cells and a pervasive element in the environment. It is
involved in enzymatic activity, cellular metabolism, gene expression, and oxygen transport,
among other biological processes.[11-16] A variety of illnesses can be caused by both lack
and excess.[17] Atomic absorption spectroscopy, inductively coupled plasma-atomic
emission  spectroscopy, mass spectrometry, electrochemical, and fluorescence
spectroscopic examination are some of the current qualitative and quantitative approaches
for Fe3* ions.[18—22] These approaches are hampered by either the complex nature and high
cost of equipment or the time-consuming sample preparation procedures.[23,24] It is vital
to create simple, highly sensitive, and selective chemosensors for Fe** detection. So far,
only a few chemosensors using functionalized nanoparticles or conjugated organic
chromophores have been developed. [25-32] Only a few of them can be used as practical
probes due to their limited sensitivity and selectivity, as well as their incompatibility with
aquatic circumstances. [33-37] The Hg?*, Zn?*, and Cu?*, for example, have several

properties that are similar to Fe** and may cause Fe®* detection to fail. [38]

Nickel is required for biological processes including biosynthesis, respiration, and
metabolism. Electroless nickel plating, electronics cleaning, electrochromic devices,
rechargeable batteries, supercapacitors, and catalytic precursors are just a few of the
industrial uses for a nickel.[39,40] Inhaling too much of this metal has detrimental

consequences for the respiratory system, kidneys, lungs, and blood, resulting in asthma,
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allergies, CNS dysfunction, carcinogenesis, and nasal cavity diseases.[41—44] Nickel
compounds are likewise classified as group one carcinogens by the World Health
Organization's International Agency for Research on Cancer (IARC) (WHO). Despite this,
due to its high hydration and poor coordinating complexation ability, interference from other
metal ions and fluorescence quenching qualities associated with the paramagnetic nature of
Ni2* ion have proved challenging to detect.[45-47] With these factors in mind, we selected
to test E-2,4-dibromo-6-((phenazin-1-ylimino)methyl)phenol A1C4 as a novel Schiff base.
Only two instances exist of quenching and enhancement-based detection of Fe* and Ni?*
ions, such as Pb?*, AI**, Hg?*, and Cr?* ions, which is a tough undertaking because these
ions are predominantly quarks (Scheme 1). These fluorescent probes show preferential
binding to Fe** and Ni?* ions in agueous environments. We also demonstrate how to employ
these probes in a straightforward and cost-effective manner. These two metal ions allowed
A1C4 to light "on and off" in an aqueous solution. The relevance of Fe** and Ni?* ions in
biological systems was further confirmed by fluorescent imaging studies in live HepG2

cells. Theoretical simulations back up the Fe** and Ni?* ions sensing mechanisms.

Br Br
Br Br

HO EtOH HO

Con.HCI
(e} H —_ >

5h Reflux N/
T NH, N
L (L
N
Scheme 1 Synthesis route of compound A3
52. EXPERIMENTAL SECTION
All of the compounds (spectral and laboratory grade) were purchased commercially

from Sigma-Aldrich and used as-is. To investigate the characteristics of probe compounds

towards various metal ions, nitrate or chloride salts of Fe3*, Ni2*, Pb%*, Sr¥*, Cr3*, Sn?*,

Mn?*, Ag*, Mg?*, AIP*, Hg?*, Zn?*, Zr?*, Cu?*, Cd?*, and Bi®" ions were utilized. The FT-IR
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spectra (in KBr pellets) were obtained using an Agilent-Cary 630 spectrophotometer in the
4000-400cm™ range. Elements (CHN) testing was carried out using a VARIOMICRO
V2.2.0 analyzer. Mass spectra were calculated using a SCIEX-API 2000 spectrometer. On
a Bruker Avance-111 (400 MHz for *H and 100 MHz for *3C) spectrometer, *H and **C NMR
spectra were collected in CDCl;z as a solvent. FE-SEM with EDS was utilized on platinum-
coated samples with a JEOL JSM-5610 to explore the surface morphology of the
corresponding complex with Fe®* and Ni?*ions. On a UV-2450 Shimadzu photometer, UV-
Vis absorption spectra were acquired by dissolving the sample in CH3CH2OH and H.0 and
using a 1cm path-length quartz cell. A PerkinElmer LS55 fluorescence spectrometer was
used to capture the fluorescence spectra at room temperature. At a magnification of 40X,
the confocal pictures were obtained with a Leica DM3000 from Germany. The Gaussian
03W application software was used to compute theoretical values on a personal laptop. The

DFT approach was used to improve the 6-31G (d,p) basis sets.

5.2.1. Synthesis of the compound A3

As shown in Scheme 1, chemosensor synthesis may be accomplished in a single
condensation procedure. To 30 mL of ethanol containing phenazin-1-amine (1 mmol), two
drops of Con. HCI was added, followed by 3,5-dibromo-2-hydroxybenzaldehyde (1 mmol).
The mixture was then brought to reflux for 5 hr. After cooloing to room temperature, the
residue was filtered and rinsed with distilled water many times. E-2,4-dibromo-6-
((phenazin-1-ylimino)methyl) phenol synthesis (A3). m.p (°C): 205-208; yield (%): 71;
brown colour crystal C19H11BraN3sO: MF: CHN (elemental analysis): C, 49.92; H, 2.43; N,
9.19; found (%): C, 48.99; H, 2.38; N, 9.15; FT-IR (KBr, cm™) 3524 (C=OH), 3049 (Ar-
CH), 1589 (C=N), (400 MHz, CDCls, §, ppm) *H NMR 8.39-8.53 (CH=N); 7.08-7.69
(Aromatic proton); 9.86 (OH). 3C NMR 105.69-148.73 (C=N); 150.76-161.75 (C=N);
105.69-148.73 (C=N); (Aromatic carbon). Calcd. 454.93; found: 453.16 (m/z).

Figures 1-4 depict spectral images.
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5.2.2. Fluorescence

For UV-vis and fluorescence titration, a stock solution of compound A3 (3.0 x 103
mol L1) was prepared in EtOH: H,0 (4:1, v/v). The receptor solution was then diluted to
1 x 10° mol L in EtOH/H,0 solution (4:1, v/v, 10 M HEPES buffer, pH=7.0). In each
titration experiment, the ligand solution (1 x 10 mol L) was put in an exceeding quartz
optical cell with a 10 mm optical path length, and the ion stock solution was gradually
supplied to the cell using a micropipette. To use their individual metal ions, the guest ions
solutions were prepared in deionized water at pH=7.0 using nitrate or chloride salts in the
order of (1 x 10* M). Separate solutions with increasing cation strength and various detector
concentrations are created. The spectra of these solutions were recorded using fluorescence

and UV-vis methods.

5.2.3. Cell culture

The human hepatocellular liver carcinoma (HepG2) cell line was donated by NCCS
(Pune). Cells were placed on 18 mm diameter glass coverslips and allowed to adhere for 24
hours. In a humidified atmosphere of 5% COo, the cells were cultured at 37 °C in DMEM
(Dulbecco's Modified Eagle's Medium) with 10% FBS (Fetal Bovine Serum) and antibiotics

(100 mg/mL streptomycin and 100 U/mL penicillin).

5.2.4. Assay for cell viability

The cytotoxicity of A3 against HepG2 cell lines was determined using the MTT
(3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium bromide) test. The cells were
seeded at 1.5 10 cells per well in a 96-well plate and incubated for 48 hours in a medium
containing A3 at concentrations ranging from 0.9 to 500 uM. Each treatment was done in
triplicate wells, with 100 pl of MTT given to each well and incubated for 4 hours at 37 °C
to allow MTT to react with MTT and metabolically active cells to generate formazan

crystals. The MTT-containing medium in the wells was carefully removed. 100 pL of
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DMSO was added to each well, and the plates were shaken for 10 minutes to dissolve
intracellular formazan crystals. An ELISA reader was used to detect the absorbance at 318
nm, and a fluorescence microscope was used to examine the cell pictures. The survival
percentage (percentage) was calculated using the following formula: [live cell number

(test)/living cell number (control)] x 100 = percent survival.

5.2.5. Cell Imaging Study

1 x 10° HepG2 cells were cultivated and incubated on a coverslip on a 35x10 mm
culture plate for 24 hours at 37°C. The HepG2 cells were treated with 10 uM A3 (produced
by dissolving A3 in DMSO: Water = 1:9 v/v) for 45 minutes at 37°C. The nuclear staining
agent was then DAPI (2-(4-Amidinophenyl)-6-indolecarbamidinedihydro chloride-4,6-
Diamidino-2-phen-ylindole). Furthermore, cells were pre-incubated for 3 hours at 37°C
with 10, 20 uM Fe** and Ni?* ions, washed three times with 1X PBS buffer to remove the
extraneous Fe** and Ni?* ions, and then incubated with 10 uM compound A3 for 30 minutes
at 37°C. Fluorescence photographs of each culture plate were taken. Fluorescence
photographs of each culture plate were taken. When compared to the blue nuclear counter
stain of DAPI, compound A3 shows cytoplasmic red fluorescence due to the formation of

A3-Fe®* and A3-Ni?* complexes.

5.2.6. Computational details
The Gaussian 03W software package was used to do theoretical studies on A3 full

computations at ab-initio DFT levels.

53. RESULTS AND DISCUSSION
The FT-IR, *H and *C NMR, and mass spectrum studies were used to characterise
and confirm the synthesised target. Figures 1-4 shows the spectral pictures. The yield of

the described chemical was excellent; Scheme 1 depicts a synthetic technique.
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5.3.1. A3 colorimetric and fluorometric reactions to Fe3* and Ni?* ions

Absorption and emission spectroscopy were used to investigate the optical
characteristics of chemosensor A3 (10 um) at room temperature (EtOH/H20 = 4/1, v/v, 10
M HEPES buffer, pH = 7.0). Strong absorption bands emerge at 318 nm in the UV-vis
spectra of A3, which may be ascribed to the n-n* electron transition. In contrast to other
metal cations, adding 10 equiv. of Fe3* and Ni?* ions to a solution of A3 (10 pM) in HEPES
buffered solution resulted in a 69 nm blue shift of absorption maxima, resulting in a
perceived colour change from colourless to yellow colour that can easily be detected by

'naked eye," and no significant differences were observed (Fig. 5a).

Fig 5. (a) Colourimetric and (b) Fluorometric naked-eye detection of A3 in
absence and presence of different metal ions
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A3: Fe** and A3: Ni?* ions combination generate bright sky-blue and light yellow
fluorescence under fluorescence light bands appearing at 553 nm. Other cations, however,
did not show such obvious colour shifts. These investigations demonstrated that A3 is
selective and appropriate for colorimetric sensing of Fe** and Ni?* ions, allowing it to be
employed as a colorimetric sensor for Fe®* and Ni?* ions qualitative evaluation (Fig 5b). In
an EtOH/H.O medium, the UV-vis absorption and emission characteristics of A3 were

examined, with the compound A3 having a maximum absorption wavelength of 318 nm.

Compound A3 displayed a hyperchromic shift centred at 318 nm for Fe** and Ni?*
ions after treatment with Fe3*, Ni2*, Cr3*, Sr?*, Pb?*, Ag*, Sn?*, Mn?*, Mg?*, AI¥*, Zr?*, Zn?*,
Hg?*, Cd?*, and Cu?" ions. This demonstrates the selectivity of compound A3 for Fe** and
Ni2* ions. The competitive event was observed using fluorescence spectroscopy. Figures 6
and 7 illustrate the absorbance and emission spectra of A3 in the presence of all of the
various metal ions, revealing a strong hypsochromic and hyper shifts emission envelope
exclusively in the presence of Fe** and Ni?* ions, respectively. When stimulated at 318 nm,
A3 showed modest fluorescence emission when different metal cations. A3 exhibited
significant fluorescence emission at 553 nm after adding the diamagnetic Fe** molecule.
The modest fluorescence was, however, muted by the paramagnetic Ni?* ion. As a result,
A3 serves as a dual sensor for Fe®* ions with enhanced fluorescence and Ni?* ions with
quenched fluorescence. Under long-wavelength UV visible light, the visual colour shift of
A3 was detected after the addition of several metal ions. When the Fe** ion was added to
the A3, it produced a bright green fluorescence. Figures 6 and 7 show the fluorescence

intensity that resulted.
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Fig 7. Fluorescence spectra of A3 with different metal ions
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The findings clearly show that other metal ions do not interfere with the detection of
Fe3*. As shown in Fig 8, the fluorescence quenching generated by the Ni%* ion in the
presence of most other cations was identical to that caused by the Ni%* ion alone, with no
fluctuation in intensity levels. These findings with Fe3* and Ni?* ions over other metal ions
point to the probe's use as a Fe®* and Ni®" sensor for a wide variety of cations. The
recognition of Fe3* ions by A3 was initially investigated using emission spectroscopy in
EtOH-H-O. In the first stage, the addition of 0 to 1.4 equivalents of Fe** ions to compound

A3 yielded a peak point at 553 nm, as shown in Fig 8.
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Fig 8. Fluorescence spectra of A3 in the presence of an increasing Fe**concentrations

These findings demonstrate a unique structural alteration of A3 caused by the
addition of Fe*" ions, indicating that Fe** binding causes fluorescence amplification. As a
result, the concentration was restricted to 0.6 uM, and the detection limits were 0.8 uM;
beyond that, the fluorescence intensity began to decline. As shown in Fig 9, when compound
A3 was treated with 0 to 1.2 equivalents of Ni?* ions, the fluorescence intensity increased

until it reached 0.5 puM, after which it progressively decreased. When compared to other
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metal cations, the addition of Ni?* ijon resulted in significant dampening of emission
intensity. In the case of A3, the Fe®" ion causes significant enhancement in the emission
with a mild redshift (D14 2 nm), whereas the Ni?* ion causes significant quenching in the
emission with a significant blue shift (Dl1411nm). Because probe A3 displayed emission
amplification in the presence of Fe3+ ions, sensing investigations were limited to
EtOH/H.0=4/1, v/v, 10 M HEPES buffer, pH=7.0. Figures 8 and 9 depict the changes in
the fluorescence intensity of A3 caused by the addition of Fe* and Ni?* ions, respectively.
With a wavelength change, Fe** and Ni?* ions showed enhancement and quenching,

respectively.
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Fig 9. Fluorescence spectra of A3 in the presence of an increasing Ni?*concentrations

5.3.2. Metal complexes of A3-EDTA Naz to the Fe**and Ni%*ions
The chelating activity of metal with a ligand was investigated using fluorescence
spectroscopy. When the metal Fe* ion (Fig 10) was chelated with the chelating reagent

EDTANaz, the fluorescence intensities were reversible (1.0 equ). Reversibility of
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fluorescence is a must-have property for building practical chemosensors. The reversibility
of the sensor A3 is evaluated by adding an aqueous solution of EDTA Na; to the Nio+ metal
complex solution. The emission intensity is lowered to that of metal-free sensors when extra
EDTANa salt solution is introduced (Fig 11). This behaviour implies that this compound

might be employed as an "on-off" Fe3* and Ni?* ion sensor (Fig 10 and Fig 11).
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Fig 10. Fluorescence spectra of A3 + Fe®* and A3 + Fe3*+ EDTANaz in
EtOH/H20 = 4/1, v/v solution
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Fig 11. Fluorescence spectra of A3+ Ni?* and A3 + Ni?* + EDTANa;z in EtOH/H.0
=4/1, vlv solution

5.3.3. The pH range of A3 and A3-Fe**& A3-Ni?* ions

For practical applications, the best pH conditions of the ligand A3, A3-Fe®*, and A3-
Ni2* ions were examined using a buffer. The changes in absorption and fluorescence at
various pH values are depicted in Figure 12. In acidic condition, fluorescence intensity is
high. The binding behaviour of metal was justified. The emission band with a core
wavelength of 553 nm in A3 was preserved. The intensity of the fluorescence decreases
substantially at pH 9, which might be attributed to a high pH causing an interaction between
the metal and —OH, resulting in the creation of metal hydroxides. According to this
experiment, the probe detects Fe®* and Ni?* ions in the pH range of 8.0-10.0 (Fig 12). This

demonstrates that the sensor can detect Fe®* and Ni?* ions.
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Fig 12. Fluorescence spectra of A3 in EtOH/H.0 with A3 + Ni%*,and A3 + Ni?*
solution at different pH = 2 to 12

The PET technique, which allows for the amplification and quenching of
fluorescence spectra in support of Fe3* and Ni?* ions detection, is significantly influenced
by the great binding affinity of Fe3* and Ni?* ions for A3 (Scheme 2). The significant
binding constant supports the Fe** and Ni?* ions' binding to A3. After selective coupling of
the Fe®* and Ni?* ions, the electron lone pair on the imine atom of A3 is no longer accessible

for the PET method, permitting fluorescence intensification and quenching.
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Scheme 2 The Possible binding site of compound A1C4 with Fe** and Ni?* ions

5.3.4. FE-SEM of complex A3-Fe®* and A3-Ni%*

FE-SEM was used to analyse the presence of N, O, C, Fe, and Ni inside the
(corresponding to A3) surface of complexes. Figure 13 depicts the elemental mapping of
nitrogen, oxygen, carbon, Fe*, and Ni%* in FE-SEM complexes (A3-Fe*" and A3-Ni?").
Figure 13 depicts the densities of nitrogen, oxygen, and carbon. N, O, C, Fe, and Ni are
distributed evenly (Fig 13). According to elemental mapping, the chemical A3 combination

contains Fe*" and Ni?* ions. It also shows the purity of the complexes (A3-Fe** and A3-Ni?*
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ions). EDS is accurate up to trace quantities of metal present on the surface of complexes.
The EDS obtained from the targeted region verifies the existence of N, O, C, Fe, and Ni

inside the complexes, as shown in Fig 13.
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Fig 13. (a, b) FE-SEM of compound A3 with Fe** and Ni?*ions, (c, d) EDS of
compound A3 with Fe** and Ni?* ions

The Stoichiometries of A3: Fe®* and A3: Ni%* ions were determined using Job's plots
between mole fraction and fluorescence emission changes at 553 nm in the presence of Fe*
and Ni?* ions, as shown in Fig 14 and Fig 15. At molar fractions of A3/ Fe** (0.5) and A3/
Ni2* (0.5), Job's figure reaches the emission maximum, suggesting a 1:2 complexation

binding hypothesis.
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Fig 14. Jop’s plot for A3 with Fe3* ions
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Fig 15. Jop’s plot for A3 with Ni* ions

To support the stoichiometry, ESI-mass spectra were employed. The A3-Fe** m/z

peak at 963.03 and the A3-Ni?* m/z peak at 965.08 confirmed the 1:2 (A3-Fe®*" and A3-

147



Ni2*) complexation hypothesis (Fig 16 and Fig 17). When varying amounts of Fe3* and Ni?*
ions were introduced to the A3 fluorogenic response, the sensitivity of the receptor was
determined by determining the limit of detection. The values were found to be 0.6 uM and
0.8 uM, respectively (Fig 18 and Fig 19). This suggested that A3 prefers the Fe3* and Ni?

ions for binding.
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Fig 16. ESI mass spectrum of A3/ Fe** ion complex
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Fig 17. ESI mass spectrum of A3/ Ni%* ion complex
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Fig 18. Calibration plot for successive addition of Fe** ion to A3 solution in EtOH/H20
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Fig 19. Calibration plot for successive addition of Ni?* ion to A3 solution in EtOH/H.0

5.3.5. Cytotoxicity

The cytotoxicity reactions of A3 at various dosages may be seen via cellular
imaging. A3 has been demonstrated to be cytotoxic using the MTT test in HepG2 cells
treated with varied dosages of A3 for up to 5 hours as a consequence of these findings, and

it is an effective candidate for monitoring intracellular concentration changes under
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particular biological situations. As shown in Fig 20, 20 uM levels of A3 exhibited a
substantial cytotoxic impact on HepG2 cancer cells for at least 4 hours. The activity of the
generated A3 on the HepG2 cell line was tested using the MTT test, which allows us to
analyse the effect of complexes on cellular mitochondrial metabolism. For two days, cells
were exposed to escalating dosages of the substances. Figure 21 depicts microscopic
pictures of control cancer cells as well as morphological changes associated with apoptosis
in the HepG2 cell line treated with A3. The A3 exhibited a low incidence of cell death,
according to the data. With ICsp values of 62.07 um, A3 inhibits the HepG2 cell lines in a
wide range of ways. A3 showed a stronger inhibitory effect on cancer cells, according to the
ICso values (Fig 20). Because the compound A3 with the =O group in ortho position has the
greatest I1Cso value, we assume that the electronic result is one of the variables in determining

A3 anticancer activity. The 1Cso values of A3 against HepG2 cells are shown in Table 1.

19 39 7.8 156 31.25 625 125 250 500

Concentration

Fig 20. The ICso values of A3 against HepG2 cell lines
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Fig 21. Live cell images of compound A3: (a) before and (b and c) after treatment
with compound A3 examined by fluorescence microscopy.

Table 1. The ICsp values of A3 against HepG2 cell lines

Anticancer effect of A3 on HepG2 cell line
Concentration (uM) Viability %
0 100
0.9 89.49
1.9 84.68
3.9 76.79
7.8 69.77
15.6 63.89
31.25 57.33
62.5 40.04
125 36.34
250 20.8
500 8.79

5.3.6. Living cell imaging
Living cell imaging was also explored with the chemosensor A3. First, when HepG2

cells were treated with A3, they produced a bright fluorescent picture (Fig 22).
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Fig 22. Confocal microscopic fluorescence images of HepG2 cells treated compound A3 (1a-
1e) treated Fe(NOz)2 (top: 2a-2e) with and Ni(NOs3)s (bottom: 3a-3e) (a) Bright field images,
(b) fluorescence images of A3, (c) fluorescence images of A3-M"", (d) overlapping images of
A3 & A3- M"" and (e) merged images

HepG2 cells were used to validate the cytocompatibility of A3-Fe®** and A3-Ni%*
ions complexes in vitro. The fluorescence and bright field pictures overlap, demonstrating
that the fluorescence signals are restricted to the intracellular area, indicating that the
permeability of the A3 cell membrane is good. After repeated treatment with the ions
A3-Fe** and A3-Ni?*, the fluorescence vanished. When the concentration of A3-Fe** and
A3-Ni?* ions uptake increased, the signal intensity rose as well. The probe fluoresced when

it was taken up by the cells, confirming its ability to detect Fe®* and Ni?* ions in vitro.
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Table 2. Mulliken atomic charges of A3

Position Charge a.u
C1 -0.100
C2 -0.065
C3 0.123
C4 0.125
C5 -0.064
C6 -0.102
C11 0.112
C12 -0.051
C13 -0.104
Cl4 -0.057
C15 0.056
C16 0.121
N20 -0.312
N21 -0.346
N22 -0.282
C23 -0.195
C24 0.230
C25 -0.093
C26 -0.006
c27 -0.190
C28 0.040
C31 0.138
033 -0.337
H34 0.245
Br35 0.003
Br36 0.001
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5.3.7. Computational Analysis
In DFT, the A3 and A3-Fe*'/ A3-Ni%" ions geometry was optimised using the

B3LYP/6-31G (d,p) basis set. The improved A3 structure is shown in Figure 23.
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Fig 23. Optimize structure of A3 and A3-Fe3*/ A3-Ni%* ions

5.3.7.1. Mulliken charge analysis

The Mulliken atomic charges are calculated by determining the electron population
of each individual atom using the basis function. The A3 molecule was examined by B3LYP
using the 6-31G (d,p) basis set, as shown in Table 2. Calculation plays an essential role in
the application of computer calculations of chemical compounds. C3, C4, C11, C15, C16,
C24,C28, C31, H34, Br35, and Br6 in A3 have positive charges. Above C24 and H34 atoms
have a stronger positive charge than other atoms due to the existence of mostly
electronegative C atoms in the vicinity. Nitrogen (N20, N21, and N23) and oxygen (02)
have more negative charges (033). C1, C2, C5, C6, C12, C13, C14, C23, C25, C26, and
C27 are some of the carbon atoms in the title chemical that carry a negative charge. Based
on the results given in Fig 24, we infer that our synthesised compounds are suitable for

substitution processes.
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Fig 24. Mulliken atomic Charge of A3

5.3.7.2. Molecular Electrostatic Potential of A3
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Fig 25. MEP diagram of A3
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Even though it is concerned with the electrical density, MEP is a particularly

effective descriptor in accepting places for electrophilic attack, nucleophilic reaction, and

hydrogen bonding interactions. It also shows the molecule's relative polarity in a visual

form. The electrostatic surface potential of A3 was calculated using the B3LYP/6-31G (d,p)

level of theory. The colour red represents negative electrostatic potential, whereas the colour

blue represents positive (+) electrostatic potential and the colour green represents zero
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potential. In Fig 25, the negative (-) regions above the O and N atoms are plainly evident.
The pressure of the O atom also contributes to the positive potential of C24 and H34. The
found molecule, as illustrated in Figure 24, has multiple possible locations for nucleophilic

and electrophilic attack.

5.3.7.3. FMO analysis of A3

Chemical reactivity, chemical compound stability, electrical, chemical processes,
and optical features are all influenced by the HOMO-LUMO band gap. LUMO energy refers
to the ability to recognise an electron, whereas HOMO energy refers to the ability to donate
an electron. The HOMO-LUMO gap in the conjugated molecule is created by
intermolecular charge transfer from the end-capping electron-donor groups to the efficient
electron-acceptor groups through a n-conjugated channel. The B3LYP level with a 6-31G
(d,p) basis set is used to determine the HOMO energy, LUMO energy, and energy gap of
A3 in Table 3. Fig 26 shows the HOMO-LUMO molecular orbitals and energies, with the
positive and negative phases of orbitals highlighted in green and red, respectively. As seen
in the figure, the HOMO is -6.4226 eV while the LUMO is -2.5956 eVV. The HOMO-LUMO
gap for the title chemical is 3.827 eV. Inside the molecule, the HOMO-LUMO energy gap

resolves the final charge transfer contacts.

Table 3. Calculated energy values (eV) of A3

B3LYP A3
Enomo -6.4226
ELuom -2.5956
ELumo-Homo 3.827

To get a better understanding of the internal charge transfer that occurred between

the receptor A3 and the respective metal ions during complex formation, the density
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functional theory technique was employed to predict the structure of the metal complexes,
A3-Fe** and A3-Ni?* ions (Fig 26). The computations were carried out using the
computational code Gaussian 03W and the exchange-correlation functional B3LYP with the
basis sets 6-31G(d,p) for C, H, N, and O atoms, and LANL2DZ for Fe** and Ni?* atoms.
The experimental and computational structures of the A3 receptor were discovered to be
identical, with the receptor generating a pseudo cavity with three donors, O and N atoms, to
form a complex with Fe** and Ni?* ions (Fig 26). Furthermore, the bandgap between the
HOMO and LUMO becomes smaller for A3 Fe** and Ni?* complexes (Fig 26). The
nonradiative decay of the excited state of the A3-Fe3* and A3-Ni?* complexes was caused
by a putative charge transfer mechanism that occurred between the receptor A3 and the

metal ions, lowering the bandgap.

A 4

AE=3.827eV
>

-6.4226eV -2.5956

Jd
HOMO LUMO

Fig 26. Molecular orbitals and energies for the HOMO and LUMO
diagram of A3

5.3.8. NLO activity

Organic NLO molecules have been demonstrated to benefit from DFT analysis.
According to new study, organic materials exhibit greater optical non-linearity than
inorganic ones. In the presence of an applied electric field, a system's energy may be

working in the electric field.
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Table 4. Dipole moment, Polarisabiltiy, Hperpolarisabilty of A3 calculated using B3LYP
method using 6-31G (d,p) basis set.

Parameter Dipolemoment (Debye)
A3
b -0.7042
Ly -0.2820
Uz -0.6372
Ltotal 0.9907
Parameter Polarisability (a.u)
Olxx -157.6107
Qyy -141.9841
Ozz -174.5903
Olxy -8.4922
Olxz 0.1634
Olyz 1.6685
Parameter Hyperpolarisability (a.u)
Bxxx 158.3019
Byyy 44,6192
Bzzz 0.2870
Bxyy 40.9995
Bxxy 109.7542
Bxxz -1.2518
Bxaz 108.8402
Byzz 25.2936
Byyz 3.4921
Bxyz 0.3592
Bo (esu)x107° 3.08
oo (Esu)x1022 2.3
Aa (esu)x10724 4.79
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Hyperpolarizabilities and polarizabilities describe how a system reacts to an applied
electric field. They are in charge of the system's NLO properties as well as the strength of
molecular interactions. During this inquiry, the electronic dipole moment, polarizability,
anisotropy of polarizability, and molecular first hyperpolarizability of the present chemical
were investigated. The electric dipolemoment, polarizability, hyperpolarizability, and first-
order hyperpolarizability of the A3 are estimated using finite field method and the
B3LYP/6-31(d,p) level of theory. As shown in Table 4, the calculated mean linear
polarizability and initial hyperpolarizability values are 2.3x10% and 3.08x10°%° esu,
respectively. According to the data, the title compound material's initial hyperpolarizability
is 11 times more than that of the NLO reference substance Urea. A3 may be the optimum

material for NLO applications, based on the studies above.

5.4. CONCLUSIONS

We introduce A3 phenazine-based chemosensors for the selective detection of Fe®*
and Ni%* ions. The probes reveal fluorescence excitation in the visible area during the
sensing experiment. The probes' large Stoke shift in the presence of Fe** and Ni%* ions
suggests that they could be used in a variety of domains, including biological processes,
pathological research, and therapeutic effects over long periods of time, implying that they
can detect Fe** and Ni?* ions in biological systems. Both metal ions' affinity for
chemosensors, as well as the values of quantum yield of metal connected chemosensors,
demonstrate that the probes have a significant affinity for the respective metal ions. The
PET-On process is demonstrated by the structure of A3 chemosensors connected to Ni?* and
Fe3* ions. This is the first time, to our knowledge; a Ni?* and Fe** hydroxyl phenazine-based
chemosensor combination has been reported. We were able to foresee the practical
application of our produced chemosensors A3 by conducting bio-imaging experiments in
live HepG2 cells. Our probes can detect intracellular Fe3* and Ni2* ions without generating
significant damage in cancer cells. Furthermore, the A3 complexes have potential anticancer

characteristics by inducing apoptosis.
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Summary

The thesis deals with studies on Schiff base ligand based fluorescence chemosensor
application. The Schiff base ligand were synthesized and characterized by UV-
Spectrophotometer, Spectrofluoromter, Infra-red spectroscopy, Nuclear Magnetic
resonance spectroscopy, and High resultion mass spectroscopy, theoretical calculation,
anticancer activity and some metal nitrate and chloride involved fluorescent chemosensor

applications.

Chapter 1

This chapter deals with the introduction about the need for Fluorescent chemosensor.
Further, the information about the mechanism of Schiff base ligand in fluorescent properties.
Basic principle mechanism involved in photochemistry was also outlined. The aim and

scope of the present investigation also included in this chapter.

Chapter 2

In this chapter, the fluorescent chemosensor has been successfully designed and we
synthesized as a simple Schiff-base of (E)-N-(1-(1H-phenothiazin-2yl)-ethylidene)-3-((E)-
(2-phenylhydrazono) methyl) aniline and studied their PET mechanisms. The experiments
indicated report chemosensor AT was a highly sensitive and selective chemosensor for Cr*
and Pb%" in a HEPES buffer solution in EtOH: H20 (1:4, v/v, pH=7.0). Significantly, the
probe showed a “turn-on” fluorescence response to Cr®* and Pb?" and emission intensity at
428 nm (excitation wavelength 290). The fluorescence improvement with high selectivity
and sensitivity was attributed to photoinduced electron transfer (PET) and also competitive
metal studies. The Job plot of AT binding with Cr** and Pb?" demonstrated a 1:1
stoichiometry complex predicted at 0.6 uM concentration. Further, the binding constant was

calculated and found to be 2.13x10* M*1(R?=0.9991) and 2.37x10* M (R?=0.9996)
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according to the Benesi-Hildebrand equation and detection limit at 8.63x107 M
(R?=0.9992) and 7.42x10”" M (R?=0.9990) towards using this equation 3c/k due to WHO
(World Health Organization) allowed (7.4uM) in drinking water. The pH experiment
covered a range from 4-10 in sensing application. EDTA titration was examined and was
found to be reversible and irreversible due toCr®* and Pb?**added into AT solution. The
theoretical calculation was carried out by B3LYP/6-31°G in Gaussian 09 program. The AT
has a potent in-vitro HepG2 cell line against the cytotoxic, living cell images. It is worth
noting that the receptor AT would be a beneficial addition to academia for its optical
properties and functional application to biomedical industries which will open door to the
establishment of these findings. The molecule is useful in sensing and drug-carrying

applications.

Chapter 3

In this chapter, the benzenesulfonamide based Schiff base of BT characterized by
FT-IR, *H NMR, and *C NMR spectroscopy and mass spectrometry. The compound BT
exhibited recognition for AI** in ethanol/ water HEPES buffer solution (5 mM, 1: 4, v/v, pH
7.4) at room temperature in a UV-Visible and fluorescence spectroscopy. The fluorescence
emission intensity at 516 nm (excitation wavelength at 290 nm), fluorescence “turn-on” due
to the presence of AI** ion with a high peak below all metal ions. Photoinduced Electron
Transfer (PET) and stimulating the Chelation Enhanced Fluorescence (CHEF) process for
BT+AIP* is coordinated through the NH group and imine nitrogen inhibited and blocked.
Job’s plot was shown by 1:1 stoichiometric for BT- AI**. The binding constant (K) was
determined as 3.27 x 107 M? (AI*"), the detection limit of BT for AI** was observed
R?=0.9965. Competitive metal ions extensively studied for the presence of AI**, whereas,
after the EDTA solution added into BT+AI** proved to be reversible and irreversible. The
theoretical calculation used in Gaussian 09 program was followed by the B3LYP/6-

31G(d,p) basis set.
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Chapter 4

In this chapter, a new and simple water-soluble fluorescent
chemosensors  namely asymmetrical azine derivatives viz., (E)-4-(((bis(4-
chlorophenyl)methylene) hydrazono)methyl)-2,6-dimethoxyphenol (Al), and (E)-4-
(((bis(4-bromophenyl)methylene) hydrazono)methyl)-2,6-dimethoxyphenol (A2) were
synthesized. The synthesized compounds have been elucidated by Fourier-Transform
infrared, 'H, and 3C NMR and ESI-MS spectral studies. The Mass spectra of Al and A2
are in excellent confirmation with the proposed molecular formula of the respective
compounds. In presence of Zn?* and AI** ions, chemosensors Al and A2 exhibit
enhancement of emission intensity. The detection limit (LOD) of Al and A2 against Zn?*
and A" jons are 1.062 x 10° M and 1.13 x 10° M, respectively which clearly indicate
that the probes can be used to detect Zn?* and AI** ions in biological system. Binding affinity
of both metal ions towards the chemosensors and the values of ki of metal bound
chemosensors suggest that the probes have significant affinity towards the respective metal
ions. The structure of A1 and A2 both Zn?* and AI** ions bound chemosensors prove PET
OFF-CHEF On mechanism. Theoretical calculation was conceded out for all compounds
Al and A2 using DFT/6-31G (d,p) basis set and their optimized bond parameters were
calculated. Molecular electrostatic potential and Mulliken analysis revealed that oxygen
atom will be the most reactive site for electrophilic attack and the hydrogen atom will be
reactive site for nucleophilic attack. The investigation on docking studies for compounds
A1-A2 was carried with 3ERT protein. The docking results showed an outstanding docking
score -6.45 and -6.32 (kcal/mol) for compounds Al and A2. Cytotoxic activity by MTT
assay revealed that the compounds A1-A2 exhibited broad inhibition on the MCF-7 cell line
with ICso values of 50.51 and 63.19 uM respectively. The observed ICso values revealed that

compound Al possessed a more inhibitory effect against the cancer cells.
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Chapter 5

This chapter introduces A1C4 phenazine-based chemosensors for the selective
detection of Fe®* and Ni?* ions. The probes reveal fluorescence excitation in the visible area
during the sensing experiment. The probes' large Stoke shift in the presence of Fe** and Ni*
ions suggests that they could be used in a variety of domains, including biological processes,
pathological research, and therapeutic effects over long periods of time, implying that they
can detect Fe** and Ni?* ions in biological systems. Both metal ions' affinity for
chemosensors, as well as the values of quantum yield of metal connected chemosensors,
demonstrate that the probes have a significant affinity for the respective metal ions. The
PET-On process is demonstrated by the structure of A1C4 chemosensors connected to Ni%*
and Fe*" ions. This is the first time, to our knowledge; a Ni** and Fe* hydroxyl phenazine-
based chemosensor combination has been reported. We were able to foresee the practical
application of our produced chemosensors A1C4 by conducting bio-imaging experiments
in live HepG2 cells. Our probes can detect intracellular Fe** and Ni®* ions without
generating significant damage in cancer cells. Furthermore, the A1C4 complexes have

potential anticancer characteristics by inducing apoptosis.
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The Synthesized E-N-(1-(1H-phenothiazin-2yl)-ethylidene)-3-((E)-(2-phenylhydrazono)methyl)aniline
(AT) was characterized by FT-IR, MS, H!, and C'3 spectroscopy instruments. The chemosensor demon-
strates fluorescent performance with high sensitivity and selectivity detection of Cr>* and Pb®*over other
coexistent metal ions in 100% aqueous solution, and even with a visual fluorescence change from light
yellow to light blue. The probe shows “turn-on” fluorescence intensity at 428 nm (excitation wavelength
290) in HEPES buffer solution in EtOH: H,0 (1:4, v/v, pH = 7.0). Significantly, the fluorescence enhance-

Keywords: ment was attributed to photoinduced electron transfer (PET). The Job plot for showed Cr*>* and Pb?* com-
Chemosensor . . . - . .

PET plex formation for both metal ions with 1:1 stoichiometry and was predicted at 0.6 pM concentration.
EDTA Additionally the binding constant was found to be 2.13 x 10* M~(R?=0.9991) and 2.37 x 10* M!
pH (R>=0.9996) according to Benesi-Hildebrand equation and detection limit at 8.63 x 1077 M
HepG2 (R?=0.9992) and 7.42 x 10~7 M (R? = 0.9990) and WHO (World Health Organization) allowed (7.4 uM)
Cytotoxic for drinking water. The pH experiments range from 4 to 10 in sensing application and reversible and irre-

DFT versible due to EDTA + Cr** and EDTA + Pb**added into AT solution. The theoretical calculation was per-
formed by B3LYP/6-31*G in Gaussian 09 program. The CYGD has strong cytotoxic in-vitro activity against
cell line HepG2. We believe that our protocol receptor would be a valuable addition in academia for its
optical properties and also excellent practical applications in biomedical industries.
© 2020 Elsevier Ltd. All rights reserved.
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1. Introduction

The selection of transition metal ions has potential applications
in many fields such as biology, chemistry, medicine, and the envi-
ronment [1-5]. A variety of effectively fluorescent chemosensors
for alkali and alkaline earth metal ions have been developed
[1,3-5]. The soft transition metal ions are fluorescence chemosen-
sors and particularly necessary much attention is paid because of
their impact on the environment [6,7]. Our body could be affected
by the direct disease due to excess or deficiency of a metal ion [8].

* Corresponding author.
E-mail address: rrengas@gmail.com (R. Renganathan).

https://doi.org/10.1016/j.matpr.2020.12.124
2214-7853/© 2020 Elsevier Ltd. All rights reserved.

The metal ion Cr** is a trivalent form and plays a vital role in var-
ious biological processes and it assists the metabolism of carbohy-
drates, nucleic acids, proteins, and fats through stimulated
enzymes as well as by stabilizing the nucleic acids and proteins
[9]. Therefore, it is very important to develope a chemosensor for
detection of Cr>* jons in biological and also ecological samples.
Cr*could be detected using various instrumentation techniques
like reversed phase-high performance liquid chromatography cou-
pled to different spectrometric detection methods, stripping
voltammetric analysis, and atomic absorption spectrophotometers
[10-12]. Costly instrumentation and time consumption for analy-
sis made chemosensors a significantly analytical tool that can be
used to detect ionic species. In current years, fluorescent

Selection and peer-review under responsibility of the scientific committee of the Second International Conference on Recent Advances in Materials and Manufacturing 2020.
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chemosensors for Cr** have been reported [13-17]. As a result, the
high sensitivity and selectivity to detecting Cr>* ion very quickly in
the development of material for ease, and due to it is very simplic-
ity, low cost, and convenience, extensive attention is received by
small organic fluorescence basic methods for chemosensors [18].
Fluorescent chemosensor has several acceptable sensing properties
for Pb?* has drawn considerable much attention because of spread
of poisonous lead a heavy toxic metal ion from batteries, metal-
lurgy, gasoline, mining, and pigments damage to human health
neurological damage, inducing anemia, nerve disorders, kidney
disorder, physical growth impairments, memory loss and inhibi-
tion of brain developing existing in children [19-23]. However,
all reports about the sensing properties of Pb?* ions is only in basic
condition that coordinate or substitute effectively for sensor Pb%*
ions [24-33]. The Pb?* heavy poisoning could lead the irreversible
harm to the growth of teenagers, cognitive development, fetal
growth, psychological and behavioral [34-38]. The drinking water
can limit to 10 ppm, according to the World Health Organization
(WHO) [39]. Fluorescence chemosensors are interesting in the
recognition of various anions, cations and different neutral mole-
cules in number of fields including molecular devices, environmen-
tal sensors, biological probes, and detection of nerve gases due to
their excellent properties as real-time detection, low cost, low
detection limit, operational simplicity high sensitivity and selectiv-
ity and adaptability to different platforms [40-46]. The detection of
fluorescence signal interacting with a chemical species in fluores-
cence probes occurs through [47] various mechanisms such as
chelation-enhanced fluorescence (CHEF) [48], intramolecular
charge transfer (ICT) [49], photoinduced electron/energy transfer
(PET) [50], metal-ligand charge transfer (MLCT) [51], excited-
state resonance energy transfer (FRET) [52], excimer/exciplex for-
mation [53], intramolecular and intermolecular proton transfer
(ESIPT) [54] and C = N isomerization [55]. Schiff-base compounds
can be used as fluorescence chemosensors due to simple synthe-
sized procedure [56,57]. In this work we successfully designed flu-
orescence chemosensor for high sensitively and selectively of Cr**
and Pb?'for “turn-on” platform in aqueous media. Schiff-base-
based fluorescent chemosensors, (E)-N-(1-(1H-phenothiazin-2yl)-e
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thylidene)-3-((E)-(2-phenylhydrazono)methyl)aniline was synthe-
sized and characterized by FT-IR, ESI-MS,'HNMR, and '>*CNMR
spectroscopy. The probe AT showed an excellent fluorescence
enrichment towards Cr** and Pb?*, and sensing mechanisms was
proposed based on UV-Vis, Fluorescence titrations, ESI-mass spec-
trometry analysis, 'H NMR titrations, molecular docking, living cell
imaging, cytotoxicity, and DFT.

2. Experimental methods
2.1. Materials and instruments

All chemical compounds were purchased and used after purifi-
cation. Distilled water was used for all experiments. The synthe-
sized compound was characterized by using FT-IR, 'H&'3C NMR,
and ESI-MS spectroscopy. Infrared measurement was made at
4000-400 cm™! region on an Agilent Carry 630 FT-IR (Fourier
Transfer Infrared) spectrometer. The 'H NMR spectrum and '3C
NMR were recorded on a Bruker-400 MHz and TMS as an internal
standard working in DMSO dg, respectively. UV and fluorescence
measurements were carried out with Perkin-Elmer LS45 fluores-
cence spectrophotometer at a scan rate of 1200 nm range at room
temperature. A Varian RF-5310PC fluorescence spectrometer was
used to record fluorescence at ambient temperature.

2.2. Synthesis of Schiff base AT

1-(10H-phenothiazin-8-yl)ethanone (0.48 g, 2 mmol) and 4-(P
henyl-hydrazonomethyl)-phenylamine (0.42 g, 2 mmol) were dis-
solved in absolute ethanol and the refluxed for 24 under 60 °C
atmosphere. Then, the reaction was confirmed by TLC plate with
benzence solvent. This solution was poured in distil water and light
yellow precipice appeared, and filter dried for 2 days. The sample
was recrystallized from absolute ethanol and finally got the pro-
duct AT shown in Scheme 1. Yield: 83%. FT-IR; (C=N) 1597 cm !,
(NH) 3345 cm~'. 'H NMR (500 MHz, DMSO dg) 6 10.14 (s, 1H),
8.06 (s, 1H), 7.30 (s, 1H), 7.284-7.282 (d, J=0.8, 2H), 7.18-7.15
(m, J=9.2, 4H), 7.093-9.055 (m, J=1.6, 4H), 6.985-6.966 (d,

o™

Scheme 1. Synthesis of compound AT.

Fig. 1. The colourless of metal solution made in compound of AT.
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Fig. 2. Absorption spectrum of AT (100 uM) with different metal ion (100 uM) used in HEPES buffer solution in EtOH:H,0 (1:4, v/v) pH =7.0.
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Fig. 3. UV-visble titration spectra of AT (10 uM) and) in the presence of different concentrations of Cr>* (10 uM) in ethanol.

J=17.6,2H), 6.88 (s, 1H), 6.797-6.771 (m, ] = 10.4, 4H), 6.644-6.605
(m, J=15.4, 4H), 2.566-2.557 (t, ] = 36, 3H). '3C NMR (100 MHz,
DMSO ds), & (ppm):196.88, 158.23, 157.15, 152.98, 146.25,
145.16, 141.59, 130.54, 129.18, 128.43, 118.33, 116.49, 115.26,
114.91, 111.41, 26.44. ESI-MS (m/z): calculated for Co7H»,N4S [M
+HJ": 434.1600; found: 435.2747.
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2.3. UV-vis and fluorescence experimentation

The stock solutions (0.025 M) of different metal ions (nitrate or
chloride salts) were prepared in distilled water. A1 x 10~> M stock
solution of AT prepared in distilled water was used for spectro-
scopic studies. The absorption and fluorescence spectra
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Fig. 4. UV-visble titration spectra of AT (10 uM) and) in the presence of different concentrations of Pb?* (10 uM) in ethanol.

Fig. 5. The colourless of metal solution made in compound of AT.

measurements were carried out by using a 5 mL mixed solution of
AT and metal ion in a quartz cell at room temperature. All fluores-
cence experiments were conducted upon excitation wavelength at
369 nm.

2.4. Cell culture

The human hepatocellular liver carcinoma cells (HepG2 cell
lines) (NCCS, Pune, India) were grown in DMEM by addition of
10% of FBS and antibiotics (streptomycin-50 pg/ mL; penicillin-
100 pg/mL), at 37 °C, 5% CO, incubator, cells were produced at 95%.

2.5. Anticancer activity, cell viability assay

The cytotoxicity of AT was tested using a 3-(4, 5-
dimethylthiazole-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT)
assay against HepG2 cell lines. Cells were seeded onto a 96-well
plate at a cell density per dis 1.5 x 10* and incubated at varying
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concentrations from 1.5 to 500 uM to last 48 h in a medium con-
taining AT. Triplicate wells with 100 pL of MTT added to each well
are retained for each operation. It was incubated at 37 °C for 4 h,
allowing MTT reaction and metabolically active cells to form crys-
tals of formazan. The medium for MTT was cautiously discarded
from the wells. To extract intracellular formazan crystals, 100 pL
of DMSO was applied to each well and the dishes shaken for
10 min. Using ELISA, at 428 nm, the absorbance was readouts.
Using a fluorescent microscope, the photographs of the cells were
analyzed. The survival percentage was determined using formula:
%survival = [live cell number (test)/live cell number (control)] x
100.

2.6. Fluorescence microscopic study
For in-vitro fluorescence imaging of AT, the cells were seeded in

a 35mm culture dish at a density of 3x10° cells per dish. After
completion, 60% confluence for fluorescence microscopy was
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Fig. 6. Fluorescence spectrum of AT (100 uM) with different metal ion (100 uM) used in 10 mM HEPES buffer solution in EtOH: H,0 (1:4, v/v) pH =7.0.
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Fig. 7. Fluorescence titration spectra of AT (20 uM) in the presence of different concentrations of 0.5 equiv. Cr*>* (20 uM) in ethanol.

replaced by mercury nitrate and zinc nitrate (0.3 pM and 0.5 pM)
augmented with the serum to absorb Cr**/Pb?* ions by 40-hours
developing cells, AT (5.0 uM), dissolved in DMSO/H,0 (99/1), in
addition to new media to allow AT to be absorbed by cells to form
the Cr>*/Pb?" - AT complex. Under a fluorescence microscope, both
excitations of Cr*>*/Pb?* ions were trypsinized and examined for AT
images at 428 nm using a 10x fluorescent target. The bright and
Fluorescence field knowledge was obtained using the fluorescence
microscope 40x-Olympus FV1000-LX81.z, Camedia software, and
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Adobe Photoshop version 10.0 processed using. For the control
trial, the media was stripped off Cr>*/Pb%*ions.

3. Results and discussion
As shown in Scheme 1, Schiff base compounds based on the flu-

orescent chemosensor AT E-N-(1-(1H-phenothiazin-2yl)-ethyli
dene)-3-((E)-(2-phenylhydrazono)methyl)aniline were designed
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Fig. 8. Fluorescence titration spectra of AT (20 uM) in the presence of different concentrations of 0.5 equiv Pb*>* (20 uM) in ethanol.
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Fig. 9. Job’s plot of AT (20 uM) solution with Cr3* (20 uM) ion.

0.8

and characterized by FT-IR, ESI-MS, 'H and'3C NMR spectroscopic
methods. Further studies namely UV-vis and fluorescence micro-
scopy were performed HEPES buffer solution in EtOH: H,0 (1:4,
v/v, pH = 7.0) and under excitation wavelength at 290 nm. The flu-
orescence intensity at 428 nm was measured for sensitivity and
selectivity of Cr>* and Pb?* ions.

3.1. Absorption studies

The sensing behavior of AT (1.0 x 10> M~') towards various
metal ions such as Zn?*, Sn?*, Sr?*, Cu®*, Fe3*, Mg?*, Cr’*, Cd?*,
Hg?*, AI**, Ca*, Ni®*, Mn?*,Pb?*, and Ti*(1.0 x 10> M) have been
studied in HEPES buffer solution in EtOH: H,0 (1:4, v/v, pH =7.0)
investigated by UV-Vis absorption spectroscopy in 100% aqueous
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Fig. 10. Job’s plot of AT (20 uM) solution with Pb* (20 uM) ion.

solution. The AT solution exhibited yellow color to colorless solu-
tion in the naked eye under UV-Vis lamp (Fig. 1) in the presence
of two alkali metal ions (Ca%*, Mg?"), one alkali earth metal ion
(Mg2"), and transition metal ions (Ag*, Cu®", Fe**, Co?®', Ni%*,
Mn?*, Zn?*, Cd?*, and Mg?*). The AT solution demonstrated a strong
absorption band around 284 nm observed due to 7- ¥ electronic
transition with detection of Cr>* and Pb?* and without any interfer-
ence by other metal ions. When AT (100 uM) solution was added
into different metal ion (100 uM) solutions showed a new absorp-
tion band centred at 315 nm observed by blue (hypscochromic)
shift and absorption peaks at 284 nm shown in hyperchromic shift
(Fig. 2) The Cr3* and Pb?* (10 uM) solutions was added incremen-
tally to AT (10 uM) in HEPES buffer solution in EtOH: H,0 (1:4,
v/v, pH=7.0) (Fig. 3 and Fig. 4). Then gradually the absorbance
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Fig. 11. Benesi-Hildebrand equation of AT (10 mM) with different concentration
Cr3+ (10 mM) ion used in 10 mM HEPES buffer solution in EtOH:H20 (1:4, v/v)
pH=7.0.
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Fig. 12. Benesi-Hildebrand equation of AT (10 uM) with different concentration
Pb?* (10 uM) ion used in 10 mM HEPES buffer solution in EtOH:H,0 (1:4, v/v)
pH=7.0.

intensity at 315 nm was decreased after increasing concentration
of 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, and 5.0 of Cr** and
Pb2*. For Pb?*, two isobestic points at 260 and 317 nm were noticed
depending on the increased concentration of Pb?".

3.2. Emission studies

The fluorescence measurements were carried out with excita-
tion wavelength at 290 nm AT (1.0 x 10~> M~!) and metal ions
(1.0 x 107 M~1) in (10 mM) HEPES buffer solution of EtOH: H,O
(1:4, v/v, pH=7.0) in 100% aqueous solutions. The pale yellow
solution of AT changed to light blue for Cr**ions and colorless for
Pb%*ions (Fig. 5). The probe AT (100 uM) solution exhibited enor-
mously weak fluorescence intensity at 428 nm and significantly
changed due to role as for dual chemosensor for Cr>* (100 uM)
and Pb?* (100 uM) were shifted to longer wavelength due to bath-
ochromic shift (Fig. 6). Other metal ions had no influence on the
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Fig. 13. Detection limit of AT (10 uM) with different Cr** (10 uM) used in 10 mM
HEPES buffer solution in EtOH:H,0 (1:4, v/v) pH = 7.0.
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Fig. 14. Detection limit of AT (10 uM) with different Pb?* (10 uM) used in 10 mM
HEPES buffer solution in EtOH:H,0 (1:4, v/v) pH = 7.0.

emission intensity. The highly sensitive and selective detection of
Cr** and Pb** was determined by “turn-on“ fluorescence per-
formed in a 100% aqueous solution. This is possibly due to PET
(Photoinduced Electron Transfer) mechanism. Upon addition of
5.0 equiv. of Cr** and Pb?"(20 pM) to AT (20 uM) solution dis-
played fluorescence enhancement at 428 nm and was successively
decreased after adding higher conc. of Cr** and Pb?" metal ion
(Fig. 7 and Fig. 8). The Job plot was constructed by probe AT bind-
ing with Cr** and Pb?*, 1:1 stoichiometry complex (0.5 equiv. of
Cr®* and Pb?" with AT (0.5 equiv.)) has been predicted as 0.6 pM
concentration(Fig. 9 and Fig. 10). The binding constant of AT
(10 uM) with Cr®* and Pb?*(10 uM) was calculated using fluores-
cence titration data and found to be 2.13 x 10* M~!(R? = 0.9991)
and 2.37 x 10* M~!(R? = 0.9996) according to Benesi-Hildebrand
equation (Fig. 11 and Fig. 12). Furthermore, the detection limit
was 8.63 x 1077 M (R?>=0.9992) and 7.42 x 10~7 M (R? = 0.9990)
towards using this equation 3c/k (Fig. 13 and Fig. 14) [58,59].
Consequently, the performance of AT to WHO (World Health Orga-
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nization) allowed different concentrations of Cr>* and Pb%'in and Ti>*) were added into AT (10 pM) solution of 20 mM of HEPES
(7.4 uM) in drinking water. Different metal ions (0.5equiv of Sn**, buffer solution in EtOH:H,0 (1:4, v/v, pH=7.0) in 100% aqueous
Sr?*, Ccu®*, Fe3*, Mg?*, Cr?*,Cd?*, Hg?*, APP*, Ca?*, Ni**, Mn?*,Pb**  solutions (Fig. 15 and Fig. 16). The emission intensity at 428 nm
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Fig. 15. The fluorescence changes of AT (10 pM) with Cr®* (5 equiv.) and upon addition of Hg?*, AI**, Ca?*, Ag*, Na*, K* Cu?*, Fe**, Co?*, Ni**, Mn?*, Pb%*, Zn?*, Cd?**, and Mg**
were prepared in 20 mM of HEPES buffer solution EtOH:H,0 (1:4, v/v) pH = 7.0.
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Fig. 16. The fluorescence changes of AT (10 uM) with Pb®* (5 equiv.) and upon addition of Hg?*, AI**, Ca**, Ag*, Na*, K" Cu®", Fe3*, Co?", Ni**, Mn?", Pb%*, Zn?", Cd?*, and Mg*"
were prepared in 20 mM of HEPES buffer solution.EtOH:H,0 (1:4, v/v) pH =7.0.

1057



P. Vijayakumar, E. Dhineshkumar, M. Arockia doss et al.

H3C N\ \‘\
i cr* Y
L % N. CH3 v
N

Materials Today: Proceedings 42 (2021) 1050-1064

PET o
PEy on FFE
Ne ] NN@
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Fig. 17. Effect of pH on the fluorescence intensity at 428 nm of AT (10 uM) in 2 M
aqueous solution in the presence of Cr3*.

for 0.3 equiv of Cr>* and Pb?* shows high values, however, the pres-
ence of Cr** and Pb?* binding with others metal ions did not affect
the sensing ability of AT (10 uM) against Cr>* and Pb?*,

3.3. Binding mechanism

The fluorescence results indicated photoinduced electron trans-
fer (PET) pathway, and it was caused by the stable complex forma-
tion AT-Cr®>* and AT-Pb?* via complex formation involving imine
bond -CH = N- and NH resulting due to contribution of lone pairs
of imine nitrogen which inhibited PET process. Further, after bind-
ing complex Cr** and Pb?* to AT, C = N isomerization and the pho-
toinduced electron transfer (PET) effect were hindered [60,61].
Enhancement of the fluorescence intensity for Cr** and Pb%*can
be explained by PET-ON to PET-OFF with binding. The ESI-mass
spectrum confirmed by binding complex and exact molecular
weight present at 485.32 m/z shifted from 434.16 m/z after adding
0.5 equiv of Cr** into AT solution, whereas, after added 0.5equiv.
Pb?* concentration into AT solution, which provided value at
640.43 m/z, however, it was changed and enormous shifted due
to the normal mass value at 434.16 m/z, therefore -CH = N- and
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Fig. 18. Effect of pH on the fluorescence intensity at 428 nm of AT (10 uM) in
aqueous solution in the presence of Pb%*.

NH group much potentially participated in complexation of AT-
Cr** and AT-Pb?* as in Scheme 2.

3.4. Effect of pH

The scope of chemosensor would be much affected by pH value
sensing capability Hence it is necessary to suitably increment pH
value in AT solution to detect Cr** and Pb?* very efficiently. This
is revealed in (Fig. 17 and Fig. 18). Over the pH range of 1-13, AT
solution of Cr’*and Pb?*shows no significant change. The changes
in fluorescence intensity under strong acid condition indicates
inhibition of complex formation between AT and Cr>* and Pb?*ions
due to protonation of Schiff base compound AT. Whereas, under
the strong basic condition the formation complexes of AT binding
with Cr®* and Pb*'prove was inhibited because of sufficiently
methyl atom is performed. However, AT exhibited great sensing
action to Cr** and Pb?* over the pH range from 4 to 10, and may
successfully detect Cr** and Pb?* in sensible applications in this
large pH range.
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3.5. Reversibility study

The reversible response is important for a suitable fluorescent
chemosensor. The fluorescence spectrum of AT(10 uM) solution with
an alternating increase of 3 equiv. of Cr>* and Pb?* and EDTA solution
in EtOH:H,0 (1:4, v/v, pH = 7.0, 10 mM HEPES buffer) was measured.
The emission intensity measured at 436 nm in 100% aqueous solu-

Materials Today: Proceedings 42 (2021) 1050-1064

tions, upon addition and it was restored on addition of Cr>* and Pb?*
solution to AT. Moreover, the fluorescence ON-OFF-ON responsibility
upon alternate addition of Cr>* and Pb?* to EDTA solution of AT under
the UV lamp 365 nm was reversible and could be used and the rever-
sible cycle for at least four times (Fig. 19 and Fig. 20). Thus, AT can be
used as an excellent reversible fluorescent chemosensor detecting
Cr** and Pb?* in 100% aqueous solution.
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Fig. 19. Fluorescence spectrum of AT (10 uM) solution upon addition of Cr>* (3 equiv.) and EDTA (3 equiv.) in HEPES buffer solution EtOH:H,0 (1:4, v/v).
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Fig. 20. Fluorescence spectrum of AT (10 uM) solution upon addition of Pb®* (3 equiv.) and EDTA (3 equiv.) in HEPES buffer solution EtOH:H,0 (1:4, v/v).
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Elzcirusiatic Poiznilcl

0.0404

0.00532

s

2

-0.0

N
Q

-0.0404

-0,09:14

Fig. 22. Molecular electrostatic potential surface of AT.

3.6. Theoretical studies

3.6.1. HOMO and LUMO analysis
The theoretical calculation studies HOMO-LUMO predict the
energy gap value investigated in Gaussian 09. HOMO energy means

that the electron-donating ability, whereas, LUMO means that
electron-accepting ability for the HOMO-LUMO energy gap as
shown in Fig. 21. The calculated lowest energetic gap is
(AEgp =2.62 eV), while the HOMO energy is (Egomo = —3.54 €V)
and the lowest LUMO energy is (Erymo = —4.38 eV), Therefore,
higher energy allowed the greatest electron donor and electron
acceptor respectively, and HOMO and LUMO has two parameters
and which is related to the orbital energy.

3.6.2. Molecular electrostatic potential (MEP) and Mulliken charge

Molecular electrostatic potential (MEP) is sensitive to the
charge distribution and depends on the name of electrophilic and
nucleophilic reaction. The MEP commonly is used to study hydro-
gen bonding interaction and even biological detection. The surface
complex shows different energy of the molecular electrostatic
potential. The result of AT expressed increase with potential order
blue > green > yellow > red, where blue color is the highest electro-
static potential energy, red color is the lowest electrostatic poten-
tial energy and green color is neutral stability as shown in Fig. 22.
The Mulliken charge calculations carried out by computational
chemistry are shown in Fig. 23, C19 atom is the highest atomic
molecular orbital, N10 is the lowest atomic molecular orbital due
to decreased atomic charge and all molecular orbital range is C2
to C25 (Fig. 23).
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Fig. 23. Mulliken atomic charges for AT.

Fig. 24. Live cell images of AT: (a) before and (b and c) after treatment with AT examined by fluorescence microscopy.
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Fig. 25. The ICsq values of AT against HepG2 cell lines.
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Table 1
The ICsq values of AT against HepG2 cell lines.

Anticancer effect of AT on HepG2 cell line

Concentration (LM) Viability %

AT

0 100
1.95 98.81
39 86.15
7.8 73.66
15.6 65.59
31.2 51.45
62.5 42.67
125 36.77
250 17.11
500 5.45

3.7. Cytotoxicity

The cytotoxicity responses of AT were studied with various con-
centrations. This is evident from cellular imaging. Thus, these
results show AT as an efficient candidate under intracellular con-
centration for certain biological conditions and justify its cytotoxic
effect and MTT assay in AT-treated HepG2 cancer cells for up to
5 h. The 20 uM concentrations of AT demonstrated important cyto-

Control DAPI

Materials Today: Proceedings 42 (2021) 1050-1064

toxic effects at least up to 4 h on HepG2 cells. The synthesized AT
was investigated for cytotoxic activity using the cell line HepG2 in
the MTT study, which tests the impact of cellular mitochondrial
metabolism on complexes. Tested compounds of ever-increasing
concentrations with two days for cells tested. Microscopic images
of cancer control cells and morphological changes apoptotic in
the AT-treated HepG2 cell line presented in Fig. 24. The tests
showed limited cell death at compound AT. At 77% of ICso values,
the demonstrated good inhibition on the HepG2 cell. The AT-ICsq
values (Fig. 25) show that an inhibitory action against cancer cells
is more potent. The NH group that carries the phenyl group shows
the highest ICsq value, convincing us that the electronic effect may
be one of the determinants of anticancer activity in the compound
AT. The ICso values of AT against HepG2 cell lines are given in
Table 1.

3.8. Living cell imaging

The AT chemosensor is also being tested for imagery of living
cells. First, a strong AT fluorescence view of HepG2 -cell-
incubated human liver cancer cells (Fig. 26). The overlap of fluores-
cence and the picture of the bright field reveal the emission of flu-
orescence within the intracellular region. Good cell membrane

Fluorescence Merge

Fig. 26. Confocal fluorescence and merged images of HepG2 cells were stained with DAPI, AT-Cr*>* and AT-Pb?", respectively. (a) HepG2 cells incubated with AT-Cr** and AT-

Pb?* (5 uM) only, (b) HepG2 cells pre-incubated with AT-Cr>* and AT-Pb?* (5 uM) followed by 0.1 mM AT, (c) cells were stained with both DAPI and 5 uM AT-Pb?* and AT-Cr>*;
(d) cells of (c) further incubated with AT (0.1 mM) for another 30 min, (e) and (f) were merged images. Scale bar, 30 pm.
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permeability was noted for the chemosensor AT. The visualization
of fluorescence of living cells followed additional treatment with
Cr3*/Pb%* ions. These observations suggest an efficient binding of
chemo-sensors with AT to Cr3*/Pb?" ions.

4. Conclusion

In summary, the fluorescent chemosensor has been successfully
designed and we synthesized as a simple Schiff-base of (E)-N-
(1-(1H-phenothiazin-2yl)-ethylidene)-3-((E)-(2-phenylhydrazono)
methyl) aniline and studied their PET mechanisms. The experi-
ments indicated report chemosensor AT was a highly sensitive
and selective chemosensor for Cr>* and Pb?* in a HEPES buffer solu-
tion in EtOH: H,O (1:4, v/v, pH=7.0). Significantly, the probe
showed a “turn-on” fluorescence response to Cr’>* and Pb?* and
emission intensity at 428 nm (excitation wavelength 290). The flu-
orescence improvement with high selectivity and sensitivity was
attributed to photoinduced electron transfer (PET) and also com-
petitive metal studies. The Job plot of AT binding with Cr** and
Pb?* demonstrated a 1:1 stoichiometry complex predicted at
0.6 uM concentration. Further, the binding constant was calculated
and found to be 2.13 x 10* M~(R? =0.9991) and 2.37 x 10* M~!
(R?=10.9996) according to the Benesi-Hildebrand equation and
detection limit at 8.63 x 107 M (R?>=0.9992) and 7.42 x 1077 M
(R>=0.9990) towards using this equation 3c/k due to WHO
(World Health Organization) allowed (7.4 pM) in drinking water.
The pH experiment covered a range from 4 to 10 in sensing appli-
cation. EDTA titration was examined and was found to be reversi-
ble and irreversible due toCr*>* and Pb?*added into AT solution. The
theoretical calculation was carried out by B3LYP/6-31*G in Gaus-
sian 09 program. The AT has a potent in-vitro HepG2 cell line
against the cytotoxic, living cell images. It is worth noting that
the receptor AT would be a beneficial addition to academia for
its optical properties and functional application to biomedical
industries which will open door to the establishment of these find-
ings. The molecule is useful in sensing and drug-carrying
applications.
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| A novel Schiff base derivative E-4-((1-(10H-phenothiazin-2-yl) ethylidene)amino)-N-(pyrimindin-2-yl)benzenesulfonamide (BT) was |
synthesized and characterized by 'H & *C NMR, FT-IR and mass spectrometry. Compound BT acts as a detector for AI** in ethanol/water |
HEPES buffer solution (5 mM, pH 7.4, v/v 1:4) at room temperature. The fluorescence intensity observed at 516 nm was increased due
to AI’* ion present with a fluorescence response “turn-on” process, when excited at 290 nm. This shows compound BT is coordinated to |
Al**ion through the NH group and C=NH of the Schiff base blocking the photoinduced transfer (PET) and chelation induced enhanced |
fluorescence (CHEF) process, to increase the fluorescence intensity of BT. The detection limit of BT was in a micro-molar range for AI** |
ion, confirming high selectivity and sensitivity of BT. The BT-AI** ion binding mode and the recognition mechanism of chemosensor |
were explored by EDTA titration, Job’s plot, Mass and FT-IR analysis. The theoretical support was established by DFT calculations. |
|

Keywords: Benzenesulfonamide, Chemosensor, Photoinduced electron transfer, EDTA, DFT.
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INTRODUCTION

The fluorescence chemosensors for the development of
recognition of transition metal cations are an important area
of research for industrial, biological and environmental purposes
[1,2]. Owing to their facile syntheses, high sensitivity and selec-
tivity, flexibility and cost-effectiveness, such fluorescence
chemosensors have gained exceptional attention [3,4]. One of
the main concerns among researchers is the sensitive and sele-
ctive detection of metal cations in the production of chemo-
sensors. In general, chemosensors have three components:
receptor (capable of guest binding selectivity), spacer (which
interfaces receptor and signaling), an active unit (capable of
altering its properties during metal complexation). Different
chemosensors of polycyclic aromatic hydrocarbons, aromatic
ring, thiocarbazole, heterocyclic rings, carbazole and even sila-
tranes are reported [5-7]. Aluminium is the most plentiful metal
ingredient and biological non-essential ingredient and too
much used in manufacturing and everyday life such as food
additives, water treatment devices, packaging products, cosmetics

and prescription drugs [8-11]. Compared to other metal ions
the highly efficient identification of AI** ions in aqueous solu-
tions are important due to its strong hydrated ability, lack of
spectroscopic characteristics and poor coordination power [12-
14]. Due to their high coordination power, excellent photo-
physical performance and ease of synthesis, Schiff base fluor-
escent chemosensors have recently attracted a lot of attention
[15-17]. Aluminum accumulation in the brain induces neuron
degeneration, which is followed by various diseases such as
Alzheimer, Parkinson disease, lateral amyotrophic sclerosis,
dialysis-induced encephalopathy and also multiple sclerosis
[18-21]. Thus it has encouraged ongoing studies on the poten-
tially harmful impact of the atmosphere to enhance effective
tools for Al** identification. These techniques include mass
spectrometry, spectrophotometer, electrochemistry, graphite
furnace atomic absorption spectrometry, inductively coupled
plasma mass spectrometry, voltammetry and liquid chromato-
graphy [22-24]. Sensing mechanisms such as fluorescence
resonance energy transfer, chelation-induced enhanced fluor-
escence, intermolecular charge transfer and photoinduced
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license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.



https://orcid.org/0000-0003-0881-479X
https://orcid.org/0000-0001-8618-459X
https://orcid.org/0000-0002-1253-3133

1564 Vijayakumar et al.

Asian J. Chem.

electron transfer are very relevant in fluorescence chemo-
sensors [25-29]. For several years, the Schiff base compound
was used in chemistry [30]. There has been substantial use of
non-transition metal complexes [30]. Several complexes of
Schiff bases have found interesting uses in materials science
[31]. In this case, in turn-on chemosensors, the benzenesulfon-
amide moieties received considerable attention owing to the
formation of excimers and high quantum yield [32,33] due to
their ability to show a peculiar shift in their emission wave-
lengths. Comparison with conventional analytical approaches
requires, for example, colorimetric methods that could be accom-
plished by UV-visible spectra with specific benefits, such as
detection and even ease of operation, which could be carried
out using on-site tests [34].

Benzenesulfonamide type Schiff base ligand (E)-4-((1-
(10H-phenothiazine-2-yl) ethylidene)amino)-N-(pyrimindine-
2-yl)benzene sulfonamide (BT) was studied in this work. The
chemosensor activity for AI** ions in ethanol/water HEPES
buffer (5 mM, pH 7.4, v/v 1:4) solution was demonstrated by
the UV-visible and fluorescent spectroscopy at ambient tempe-
rature. Complexation of BT within the Al** ion was analyzed
by FT-IR and ESI-MS spectroscopy.

EXPERIMENTAL

All the chemicals were purchased commercially and used
after purification. Throughout the experiments, only distilled
water was used. Solutions of different metal ions salts, such
as chloride or nitrate salts of Cr**, Sn**, Cu*, Cd**, Ti**, Ca*,
Hg*, Fe*, AI**, Ni**, Sr**, Mn**, Zn”, Pb** and Al**ions were
prepared. The FT-IR, 'H &"*C NMR and ESI-MS spectroscopy
were used to validate the synthesized compound. An Agilent
Carry 630 FT-IR spectrometer was used to test infrared at 4000-
400 cm™. The 'H & "*C NMR spectra were obtained using a
Bruker 400 MHz instrument with TMS as the internal norm
and DMSO-dg as solvent. At room temperature, fluorescence
measurements were taken with a Perkin-Elmer L.S45 fluore-
scence spectrophotometer with a scan rate of 1200 nm.

Synthesis of Schiff base derivative BT: 2- Acetylpheno-
thiazine (0.48 g, 2 mmol) and 4-amino-N-(pyrimidin-2-yl)-
benzene sulfonamide (0.42 g, 2 mmol) were dissolved in absolute
ethanol and refluxed for 24 h at 60 °C. Then, the reaction was
confirmed by TLC plate. This solution mixture was poured in
distilled H,O and light brownish yellow precipitate appeared
and then filtered and dried for 2 to 3 days. It was recrystallized
from absolute ethanol and finally got the product (Scheme-I).
Yield: 88%. FT-IR (KB, Vs, cm™): (C=N) 1591, (NH) 3345;
'H NMR (DMSO-ds, 400 MHz) & ppm: 8.53 (s, 1H), 8.54 (s,

N

0 H
Q. N__N

\Y

o

N 5
S H,N

N~

1H), 8.83 (s, 1H), 7.682-7.661 (d, J = 8.4 Hz, 2H), 7.409-
7.404 (d, J = 2.0 Hz, 2H), 7.389-7.384 (d, J = 2.0 Hz, 2H),
7.099-7.039 (J = 2.4 Hz, 7TH), 6.980-6.961 (d, J = 7.6 Hz, 2H),
6.841-6.820 (m, J = 8.4 Hz, 4H), 6.723-6.700 (m, J = 10.4 Hz,
4H), 6.632-6.610 (2, J = 8.0 Hz, 2H). *C NMR (DMSO-ds,
100 MHz) 6 ppm: 196.88, 158.23, 157.15, 152.98, 141.97,
141.16, 136.06, 129.77, 126.25, 126.11, 124.76, 123.25, 122.52,
122.17, 114.53, 112.62, 112.09, 26.44. m.f.: C;;H1sN5OsS;;
ESI-MS (m/z): calculated for [M + H]*: 473.16; found: 473.27.

UV-vis and fluorescence analysis: In aqueous water,
stock solutions of various metal ions, such as nitrate or chloride
salts, were prepared. For spectroscopic tests, a stock solution
of BT (10 uM) was prepared in aqueous water. The absorption
and fluorescence spectra were measured in a quartz cell in an
ethanol/water HEPES buffer solution (5 mM, pH 7.4, v/v 1:4)
at room temperature using a 5 mL mixed solution of BT (10
UM) and metal ion solution with an accurate concentration. Both
fluorescence experiments were carried out at a wavelength of
290 nm.

Cell culture: The HepG2 cell lines (NCCS, Pune, India)
were grown in DMEM with 10% FBS and antibiotics (strepto-
mycin: 50 pg/mL; penicillin: 100 pg/mL) at 37 °C, 5% CO,
incubator and cells were developed at 95%.

Anticancer activity and cell viability assay: The cyto-
toxicity of BT was investigated in HepG2 cell lines using a
3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay. Cells were seeded onto a 96-well plate with a cell
density per disc of 1.5 x 10*and incubated in a medium cont-
aining BT for 48 h at various concentrations ranging from 0.0
to 500 pL. For each process, triplicate wells with 100 pL of
MTT were used. It was incubated for 4 h at 37 °C, allowing the
MTT reaction and metabolically active cells to form formazan
crystals. The MTT medium was carefully removed from the
wells. DMSO (100 uL) was added to each well and the dishes
were shaken for 10 min to remove intracellular formazan crystals.
The absorbance was measured using ELISA at 365 nm. The
cells images were studied under a fluorescent microscope. The
percentage survival was estimated using the following formula:

Live cell number (test)

Survival (%) =
Live cell number (control)

Fluorescence microscopic study: The cells were seeded

at a density of 3 x 10° cells per dish in a 35 mm culture dish for
in vitro fluorescence imaging of BT. After completion, 60%
confluence for fluorescence microscopy was replaced with
aluminum nitrate supplemented with the serum to absorb AI**
ion by 40 h forming cells, BT (5.0 M), dissolved in DMSO/

Q

N__N
S
O N__—
Ethanol N

Reflux y |

98

CH,

Scheme-I: Synthesis of compound BT
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H,0 (99/1), by addition of new media to allow BT to be absor-
bed by cells to form the AI**-BT complex. After that there was
a3 hincubation period. Al** ions were trypsinized and analyzed
for BT images at 365 nm using a 10x fluorescent target under
a fluorescence microscope. The fluorescence microscope 40x-
Olympus FV1000-LX81.z, Camedia software and Adobe Photo-
shop version 10.0 were used to obtain the bright and fluore-
scence field information. The Al** ion was removed from the
media for the control trial.

Theoretical studies: The Gaussian09 program [35] was
used to perform the computations. The B3LYP method was used
to perform the geometry optimization. The molecular electro-
static potentials (MEPs) and Mulliken atomic charges of benzene
sulfonamide were plotted in a 3D diagram using optimized
structures at the same level theory. Furthermore, the energy gap
for benzenesulfonamide was determined using the B3LYP
method with a 6-31G (d,p) basis range, as well as HOMO and
LUMO energy values. Furthermore, theoretical measurements
were used to determine the dipole moment, polarizability and
hyper polarizability of molecular polarizabilities.

RESULTS AND DISCUSSION

The fluorescent chemosensor BT, E-4-(1-(10H-phenothia-
zin-2-yl)ethylidene)amino)-N-(pyrimindin-2-yl)benzene-
sulfone amide (BT) was synthesized (Scheme-I) and charac-
terized using FT-IR, ESI-MS, '"H&"C NMR spectroscopic
methods. Colorimetric experiments with naked eye UV-vis and
fluorescence spectroscopy in HEPES buffer solution of EtOH:
H,O (1:4 v/v, pH = 7.0) and excitation at 290 nm were also
carried out. For different metal ions, the fluorescent chemo-
sensor BT solution was investigated and the fluorescence
intensity at 516 nm for Al**ion was investigated further.

Absorption studies: The interaction of analytes with
chemosensors was tested using the UV-visible absorption
technique [36-39]. At room temperature, experiments were
performed in an ethanol/water HEPES buffer (5 mM, pH 7.4,
v/v 1:4). Under a UV lamp, the colorimetric tests for BT
solution showed a bright yellow to medium yellow colour to
the naked eye (Fig. 1).

Compound BT has three absorption bands with maximum
at 252, 272 and 295 nm, which are caused by intra-ligand
n—7* electronic transitions and another absorption band at
327 nm, which may be caused by n—m* electronic transitions
from non-bonding orbitals on the heteroatoms to 7 orbitals
of BT (Fig. 2). The absorbance of BT was explored with different
metal ions such as alkali metal ions (Mg?**, Ca**) and transition

Fig. 1. The colorimetric studies for BT

metal ions (Cd*, Cu*, Ag*, Co*, Mg*, Ni**, Fe*, Zn** and
Mn?*) in ethanol/water HEPES buffer (5 mM, pH 7.4, v/v 1:4)
at ambient temperature. The presence of Al**ion caused a notice-
able shift in wavelength in the absorption spectra of BT, while
the other metal ions did not cause any significant shifts in the
absorption spectrum (Fig. 2). The spectrum of BT reveals a
new absorption at 415 nm and two new isosbestic points at
308 nm and 340 nm after the addition of AI** ions (Fig. 3).
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0.3
Cr3+’ Pb2+’ Zn2+’ Sn2+’ Sr2+’
Cu2+’ FeS+’ Cd2+’ HgZ+’ AI3+’
ca”, Ni**, Mn™", Tiand

0.2 BT

Absorbance (a.u.)

0.1

T T T
300 320 340 360

Wavelength (nm)

Fig. 2. Absorption spectrum of BT (10 uM) with different metal ion (5
equiv.) used in ethanol/water HEPES buffer solution in EtOH:H,O
(5 mM, pH 7.4, v/v 1:4)
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Fig. 3. Absorption spectrum of BT (10 pM) with increase concentration
of AI** ion used in ethanol/water HEPES buffer solution (5 mM,
pH 7.4, v/v 1:4)
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Fig. 4. Fluorometric studies for BT

The redshift (bathochromic) in absorption is due to the donor
atoms in BT binding to AI** to form a chelate ring, which causes
the spectrum to be expanded in conjugation, which may explain
the red shift in absorption strength.

Fluorescence studies: The selectivity of BT was revealed
by pale yellow colour change to blue colour of Al** because
with all metal ions no colour change was observed by fluore-
scence lamp under 365 nm (Fig. 4).

An equimolar solutions of BT (10 uM) was added to solu-
tions of different heavy transition metal ions such as Cr**, Sn**,
Cll2+, Cd2+, Ti3+’ C212+, Hg2+, Fe3*, A13+, Ni2+, Sr2+’ Mn2+ ZH2+,
Pb** and AI**ionin ethanol/water HEPES buffer (2 mM 1:4, v/v,
pH =7.0) at ambient temperature. The emission study demon-
strated that the compound BT shows weak emission maximum
intensity at 516 nm observed on excitation at 290 nm (Fig. 5).

1000
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600

400

Fluorescence intensity (a.u.)

200

— == _/—-_\5_\_,: -
T T T T T T T
480 500 520 540 560
Wavelength (nm)

Fig. 5. Fluorescence spectrum of BT (10 uM) with different metal ion (5
equiv.) used in ethanol/water HEPES buffer solution in EtOH: H,O
(5 mM, pH 7.4, v/v 1:4)

The emission intensity at 516 nm was red shifted when
AT** ions was added, but no other metal ions made a noticeable
difference in the fluorescence spectrum. The switch-ON fluore-
scence of BT caused by metal-ligand binding was fully selective
for AI** ions. Various spectroscopic techniques were used to
investigate the binding of the BT-AI** complex. The fluore-
scence emission intensity at 516 nm gradually decreased with
the addition of 2 equiv. of Al**ion (Fig. 6) becoming stable,
reflecting the coordination of BT (10 M) with Al** in stoichio-
metric complex 1:1 binding mode.

1000
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% 200~
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Fig. 6. Fluorescence spectrum BT (10 uM) with increase concentration of
AI** ion used in ethanol/water HEPES buffer solution (5 mM, pH
7.4, viv 1:4)

The complexation of BT-AI** ion was found to be 1:1
stoichiometric using job plots based on fluorescence results
(Fig. 7). The binding constant (K) determined from fluore-
scence intensity at 516 nm using the Benesi-Hildebrand plot
was 3.27 x 10" M'(AI’"), indicating that BT would bind to
Al** ion (Fig. 8). The detection limit of AI** ion was calculated
using the equation DL = 3/k, where k is the slope of intensity
versus sample concentration and R, = 0.9965 is the standard
deviation (Fig. 9). Titration of BT as a receptor for AI** ion was
carried out to better understand the binding of BT as a receptor
for Al**ions.
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Fig. 8. Benesi-Hildebrand plot from fluorescence titration of BT + AI** ion
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Fig. 9. Determination of limit BT (10 uM) with different concentration of
Al* ion

Binding mechanism: Binding studies demonstrate that
BT is sensitive and selective for AI** ion as shown by fluore-
scence changes observed at 516 nm. The inhibition of rotation
around the azomethine nitrogen increases the rigidity of the
molecular association (CHEF) when AI** ion is chelated with
O and N donors of BT. The photoinduced electron transfer (PET)
mechanism causes the fluorescence of BT to be quenched due
to the delocalization of accessible lone pairs of electrons on
the imine (C=N) nitrogen atom to the aromatic moiety. Two
effects (PET and CHEF), which are responsible for titration
processes, were found to increase emission. Further experi-
ments, such as FI-IR and mass spectroscopy, supported the
PET process. Due to the addition of 0.5 equiv. of AI**, the NH
stretching peak at 3345 cm™ vanished and a new peak appeared
at 3316 cm™, the functional group of the imine peak at 1591
cm™ vanished and a new peak at 1601 cm™ appeared (Fig.
10). After applying Al* (1 equiv.) to BT solution, the ESI-MS
spectrum revealed the exact molecular weight at 498.18 m/z,
which was compared to the original compound exact mass at
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Fig. 10. FT-IR spectrum of BT + Al** ion
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473.27 m/z (BT), confirming the 1:1 stoichiometry for BT-
AP** (Fig. 11).
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Fig. 11. ESI-MS spectrum of BT + AI**ion

Competitive metal studies: The fluorescence intensity
of BT-AI** was examined with other interfering metal ions
such as Cr**, Sn*, Cu*, Cd*, Ti*, Ca**, Hg*, Fe™, Ni**, Sr*,
Mn?* Zn*", Pb*" and AI*" ions in ethanol/water HEPES buffer
(5 mM, pH 7.4, v/v 1:4) at ambient temperature. Fig. 12 showed
that A.x wavelength 290 used and A, intensity at 516 nm was
observed.
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Fig. 12. Emission intensity of BT (10 uM) at Ae, = 516 nm and the presence

of various metal ions (5 equiv.) in ethanol/water HEPES buffer (5
mM, pH 7.4, v/v 1:4) at room temperature

In the presence of Al*ions (A = 290 nm), the fluore-
scence intensity of BT increased at 516 nm, but other metal
ions had no discernible effect on the emission intensity of BT
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at 516 nm. When BT was combined with AI**ion, the fluore-
scence intensity at 516 nm (A = 290 nm) was monitored to
estimate the main effect of different metal ions (Fig. 13). In
the presence of other metal ions, the fluorescence emission
strength of BT mixed with AI** did not change significantly.
The obtained results show that BT can be used to detect AI**
ions in a relatively simple manner.

I BT + Other metal ions
[ BT + A + other metal ions

1000~
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o
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Fig. 13. Competitive metal studies BT (10 uM) at Aew = 516 nm and the
presence of various metal ions (5 equiv.) in ethanol/water HEPES

buffer (5 mM, pH 7.4, v/v 1:4) at room temperature

Reversibility: The probe’s reusability is a notable attribute
for its use and reversibility tests of BT with AI** ions were
performed at room temperature in an ethanol/water HEPES
buffer (5 mM, pH 7.4, v/v 1:4) (Fig. 14). The fluorescence
spectra of BT were observed at 516 nm with 2 equiv. of Al*
ion. After applying a higher concentration of the chelating
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Fig. 14. Emission intensity of BT (10 uM) at A.., = 516 nm and the presence
of various metal ions (5 equiv.) in ethanol/water HEPES buffer (5
mM, pH 7.4, v/v 1:4) temperature

agent EDTA solution, the emission intensity of metal comp-
lexes was decreased, suggesting that the free BT was being
regenerated. The addition of Al** ion to the BT solution mixture
induced fluorescence enhancement within 5 min a second time
and the addition of the chelating agent EDTA solution caused
fluorescence intensity to be quenched. By gradually adding
suitable strong chelating reagents such as EDTA, the obtained
results showed that BT was a reversible and reusable sensor
for AI** ions for up to three cycles.

Cytotoxic activity: The anticancer effects of newly synthe-
sized materials on liver cancer cells (HepG2) were assessed
using the MTT-based metabolic assay mentioned previously
[40]. The cells (approximately 10,000 cells) were seeded in a
well (96-well plate) containing 100 UL of fresh medium and
incubated for 24 h. The cells were then treated with 100 uL of
various concentrations (ranging from 0.0-500 UM concentration)
of the newly generated compound in each well. MTT (100 pL)
was applied after 24 h of treatment and incubated for 2-4 h.
Then, the reaction was arrested using 100 L. volumes of DMSO
and the measurement was carried at 360 nm. The cytotoxicity
of active compound was determined by the concentration of
extracts that inhibited cell growth by 50% (ICs,) as shown in
Table-1. The anticancer activity results revealed that the synthe-
sized compound showed potent inhibition of liver cancer cell
proliferation.

TABLE-1
1Cs, VALUES OF BT AGAINST HepG2 CELL LINES

Anticancer effect of BT on HepG2 cell line

Concentration (uM) Cell viability (%)
0 100
0.9 95
1.9 82
3.9 75
7.8 61
15.6 43
31.25 27
62.5 18
125 11
250 7
500 3

Cell imaging: The HepG2 cancer cells were exposed to
compound BT for 30 min at 37 °C after being incubated with
Al**ions (0-100 pug/mL). Because of their high emission intensity
in the presence of the probe, compound BT-AI** ions were
chosen for the cell imaging procedure. The confocal fluore-
scence images of HepG?2 cell lines after treatment with DAPI,
metal salts, probe and its complexes. For Al** complex, a
proportional increase in sensor concentration (0, 20, 50 and
100 pg/mL) follows a proportional relationship with fluore-
scence intensity. The linking motif within the living cell can
be clearly seen in magnified images (Fig. 15). As a result, the
receptor BT has a strong cell-permeable property and can be
used to detect Al** ions within living cells. Furthermore, when
HepG2 cell lines were used instead of HepG2 cells, a similarity
in cell imaging was observed (Fig. 15).
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Control DAPI Fluorescence Merge

13+

Fig. 15.Confocal fluorescence and merged images of HepG?2 cells were stained with DAPI, BT-AI**, respectively. (a) HepG2 cells incubated
with BT-AI** (5 uM) only, (b) HepG2 cells pre-incubated with BT-AI** (5 uM) followed by 0.1 mM BT, (c) cells were stained with both
DAPI and 5 uM BT-AI*; (d) cells of (c) further incubated with BT (0.1 mM) for another 30 min, (e) and (f) were merged images. Scale

bar, 30 um
Theoretical studies ‘ . “)7 JJ
HOMO and LUMO analysis: For all the experiments Q/ ‘) J
performed on Schiff base compound, the HOMO and LUMO ‘J
are delocalized from the entire molecule. The energy level of J\JJ
HOMO and LUMO is an extremely important parameter to Ay /{
define the reactivity of molecules because they generally take

part in chemical reactions. The lower Enomo has a weak electron
donating capability. However, the higher Enomo means the good
electron donor [41]. In the B3LYP/6-31G(d,p) basis set, the
DFT method was used to measure the energy level. The substi-
tuted benzenesulfonamide molecules with a methyl group and
an NH group in the ring. The largest Enomo value at 3.24 eV
and the lowest Epymo value at 2.43 eV for compound BT, both 4+
calculated the band gap energy level at 1.64 eV, because of the
decrease in the LUMO value (Fig. 16).

This compound has a stronger electron-donating ability AE =3.519 eV
than other Schiff bases. In the meantime, the other calculation
method include is dipole moment, polarizability and hyper- " JJ
polarizability are presented in Table-2. The present work shows ‘) ') J
the existence of a structure resembling benzenesulfonamide ‘)
ring increase the HOMO orbitals. 2

MEP analysis: The MEP is a crucial method for analyzing -
molecular interactions within a molecule. Hydrogen-bonding
reactions, as well as electrophilic and nucleophilic attacking, Jdo
are extremely helpful in predicting and understanding relevant j
reactivity sites [42-44]. The optimized structure of molecules J” &>
at the B3LYP/6-31G(d,p) basis set was used to measure the J
3D plot of the MEP diagram for the Schiff molecules (BT).
Different colours reflected the molecular electrostatic potentials Fig. 16. Energy level diagram of BT

ELuwo =—1.752 eV
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TABLE-2
CALCULATED ENERGY VALUES (eV) OF
COMPOUND BT IN GAS PHASE
B3LYP/6-31G(d,p) BT
Euomo -5.2715
Eivomo -1.752
ELymo-nomo 3.5194
Electronegativity -3.5118
Hardness 1.7595
Electrophilicity index 3.5042
Softness 7.731

at the surface of BT molecule. The negative electrostatic poten-
tial indicates proton attraction, while the positive electrostatic
potential indicates proton repulsion shows in Fig. 17.

Electrostatic potential
0.0418

0.0108

-0.0512

Fig. 17. Molecular electrostatic potential surface of BT

Mulliken charge distribution analysis: Mulliken charge
population investigation leads to the same conclusion on charge
distributions of all Schiff bases of organic compounds. The
charge distributions above all atoms propose the formation of
donor and acceptor paired relatively the charge transfer in this
molecule. The highest negative charge density which is placed
on O and N atoms, further responsible for a strong bond between
the substrate surface and Schiff base. The Mulliken charge
distribution of the molecule is calculated by B3LYP at 6-31G
(d,p) level theory. The synthesized compound BT, charge dis-
tribution shows that all the nitrogen and oxygen highly negative
charges and Mulliken charges are very low compared with
natural charges (Fig. 18).

Further negative charge could spread all over C1, C3, C5,
C6,C8,C11,C15,C18 and C19’, therefore due to these atoms
attached all the molecules. While, other atoms attached to a
molecule such as N10, CH;15’, N16, N22, S21, N22, N24 and
N24’ are given in Table-3, indicated that compound BT can
undergo nucleophilic substitution.

NLO Effects: Table-4 shows the approximate hyperpol-
arizability values for the synthesized compound BT. Urea is
used as a reference molecule to assess NLO properties and for
comparison purposes. Compound BT exhibited first hyperpol-
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C-19'
C-19
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Fig. 18. Mulliken atomic charges for BT
TABLE-3
MULLIKEN ATOMIC CHARGES OF COMPOUND BT
Atom BT Atom BT
C-1 0.309 N-16 -0.513
C-2 -0.115 C-17 0.22
C-3 -0.094 C-18 -0.089
C-4 -0.078 C-18' -0.09
C-5 -0.115 C-19 -0.075
C-6 -0.142 C-19' -0.086
S-7 0.189 C-20 -0.243
C-8 -0.134 S-21 1.259
C-9 0.32 N-22 -0.693
N-10 -0.559 C-23 0.529
C-11 -0.123 N-24 -0.434
C-12 -0.125 N-24' -0.472
C-13 0.072 C-25 0.125
C-14 -0.139 C-25' 0.122
C-15 0.274 C-26 -0.124
CH;-15' 0.384
TABLE-4

DIPOLE MOMENT, POLARIZABILTIY,
HYPERPOLARIZABILITY VALUES OF COMPOUND BT

Parameter D‘p(‘gf;l;gem Hyperpolarizability (a.u)
™ 9794.942 B -159.606

" 4546.899 By 4.3205

1, 5231.86 B 1.0394
Fiogal 139.906 By -47.817
Parameter Polarisability (a.u) By 59.3327
Oy -204.44 Be -68.893
o, -175.20 B 108.453

o, -183.08 By 2432
Oy 9.77 By 3.7775
o, 4.56 3 -4 4776

o, 4.26 By (esu) x 10 121

o, (esu) x 10 2.8 Ao (esu) x 107 4.42

arizability (Bi.) as 139.906 x 107 esu, which is six times higher
than that of urea (o 1.21 x 10?°). As a result, this molecule may
be used as a non-linear optical substance in a future building
block.
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Conclusion

In present work, Schiff base derivative was synthesized
and characterized by FT-IR, massand 'H & "*C NMR analysis.
The synthesized E-4-((1-(10H-phenothiazin-2-yl)ethylidene)-
amino)-N-(pyrimindin-2-yl)benzenesulfonamide (BT) exhibited
recognition for Al** in ethanol/water HEPES buffer solution
(5 mM, pH 7.4, v/v 1:4) at ambient temperature in a UV-visible
and fluorescence spectroscopy. The fluorescence A, intensity
at 516 nm (A wavelength at 290 nm), fluorescence “turn-on”
due to the presence of Al** ion with a high peak below all metal
ions. The PET and stimulating CHEF process for BT+AI** ion
was coordinated through the NH group and imine nitrogen
inhibited and blocked. Job’s plot was shown by 1:1 stoichio-
metric for BT-Al**ion. The binding constant (K) was determined
as 3.27 x 10’ M'! (AI*), the limit of detection BT for Al**ion
was observed R*=0.9965. Competitive metal ions extensively
studied for the presence of AlI**ion, whereas, after the EDTA
solution added into BT+AI** ion proved to be reversible and
irreversible. The theoretical calculation used in Gaussian 09
program was followed by the B3LYP/6-31G(d,p) basis set.
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