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Preface 
 
 

The present dissertation entitled “Use of absorption and fluorescence spectroscopic 

techniques for different applications by the newly designed chemosensors” is hereby 

submitted to fulfill the requirements for the Degree of Doctor of Philosophy (Science) of 

Jadavpur University. This study mainly based on the synthesis and characterization of some 

probes which selectively detect biologically important cations. Absorption of light of particular 

energy will excite the molecule/material and the excited species may either release energy in 

the form of emission or execute some mechanical motion such as isomerization, rotation, 

vibration, cleavage etc. The synthesized probe mainly based on Rhodamine, Coumarin, 

Diformylphenol and Chromone moiety, which have been characterized by different analytical 

techniques. These species showed significant sensitivity and selectivity towards Cu2+, Al3+, 

Zn2+, Cr3+ and Fe3+ ions. Interestingly these synthesized species exhibited anti-cancer activity 

against different cancer cell lines and the intracellular live cell imaging on various cations also 

observed. In some cases, the structures have been confirmed by the Single Crystal X-ray 

crystallographic measurement. The energy gap calculation of optimized structures has been 

done by DFT (Density Functional Theory) computation. Additionally, a complex based on 

Hg(II) has been synthesized which has exhibited intense photochromic property and also some 

comparative discussion on different parameters with some published literature.  

The thesis contains six chapters. Chapter I contains a discussion on the use and toxicity of the 

several biological important cations on health and environment. The various fluorescent mechanisms, 

biological applications and a review on some probes for the detection of Cu2+, Al3+, Zn2+, Cr3+ and 

Fe3+ ions related to the present work mentioned in this chapter are delineated in this research. 

Effect of light on excitation of the probe and also photochromic efficiency of azoimidazoles 

are briefly described. Chapter II contains a coumarin based probe which can serve as fluorescent 

turn-on Al3+-sensor in acetonitrile-water medium with the enhancement of emission intensity 
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Abstract 
 

Index No. 29/21/Chem./27  

Registration No. SCHEM1102921  

Title of Thesis: Use of absorption and fluorescence spectroscopic techniques for different 

applications by the newly designed chemosensors. 

Our main objective of the research is to explore a special type of molecules who may 

be excited by absorbing light of definite energy and the excited species may change their 

emission or mechanical characteristics (structural isomerization, photoisomerization, rotation, 

cleavage, radical formation etc.)  by interacting with specific ions/molecules intricately and 

can selectively, specifically and sensitively identify the analyte. The Schiff bases (-C=N-) and 

azo (-N=N-) functions have received much attention in this direction due to their ease of 

synthesis and structural characterization, use of environmentally benign molecules like,  

aldehydes/ketones and amines appended with fluorogenic or chromophoric moiety. The Schiff 

bases are a group of compounds having exocyclic C=N bond(s). The -C=N- can act as a ligating 

centre and binds to Mn+ selectively. Hence the Schiff base can act as efficient probe for the 

detection of several bio-relevant cations at a very low concentration (µM level). The abnormal 

level of various bio-relevant cations can cause serious health issue. Hence, the recognition of 

these cations is challenging task for researcher and this can be nicely monitored by the 

functionalized Schiff bases with fluorogenic moity. Extensive efforts have been devoted for the 

design and development of effective chemosensor based on imine moiety (-C=N-) for the selective 

recognition for sensitive detection of cations. In addition, the UV assisted photochromic behavior is 

very interesting for researcher because this follows photo-isomerisation which leads to change in 
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various physicochemical properties like refractive index, redox potential and geometrical 

structure. Due to these change in molecular property, the photochromism i.e. mostly photo-

isomerisation can be applied to various photo-switching devices and optical memory media. 

Our synthesised species also exhibited UV light assisted photochromic behavior. In my 

research work, four probes based on Rhodamine, Coumarin, Diformylphenol and Chromone 

moiety, which have been characterized by different spectroscopic techniques (IR, Mass, NMR, 

elemental analysis) and some of the structure confirmed by Single Crystal X-Ray Diffraction 

measurements and Hg(II)-halide complexes of 1-alkyl-2-(p-nitro-phenylazo)imidazoles also 

characterized by Single Crystal X-Ray Diffraction measurements and it exhibited UV light 

assisted photochromic behavior. Benzimidazolyl-hydroxy-coumarinyl diad, serves as 

fluorescent turn-on Al3+-sensor in acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES buffer) 

medium and with the addition of Al3+ ions the emission intensity enhanced by twelve times 

and is detailed in Chapter II. The probe showed limit of detection (LOD) as 0.62 μM for Al3+ 

ions. The anti-metastatic potential of the probe on Human skin carcinoma (A431) and Human 

lung carcinoma (A549) cells are also examined. Another probe Rhodamine based Schiff base 

with two fluorogenic motifs is described in Chapter III. The probe has been characterized 

through various spectroscopic techniques. The probe exhibits efficient sensitivity and 

selectivity towards Al3+, Cr3+and Fe3+ ions with the enhancement of fluorescence intensity by 

350 fold (Fe3+), 250 fold (Al3+) and 220 fold (Cr3+), in methanol-water (99:1, v/v; HEPES 

buffer, pH, 7.2) medium. The limits of detection (LOD) are 0.0051 ppm (Fe3+), 0.0029 ppm 

(Al3+) and 0.0052 ppm (Cr3+); and in addition the probe has been utilized for cell imaging in 

presence of Al3+, Cr3+ and Fe3+ ions and the action of probe on human breast cancer cell lines 

and other different assay like wound healing capacity, nuclear fragmentation, Growth 
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inhibition analysis also examined. Diformylphenol based probe is delineated in Chapter IV and 

it emits light at 610 nm upon excitation at 380 nm and the emission is strongly intensified on 

interacting with Zn2+ ion in DMSO-water (99:1, v/v; HEPES buffer, pH, 7.2) medium and also 

in solid state. The limit of detection of Zn2+, 0.30 µM and the binding constant (Kd) is 4.2585 

×104 M-1.  The Intracellular Zn2+ ions in living cells of HEK293 have also been identified by 

the probe using fluorescence microscopic imaging technique. Impact of light on the probe does 

not only excite to execute emission but also does some mechanical performance like structural 

isomerization such as trans(E)-cis(Z) isomerization of 1-alkyl-2-(arylazo)imidazoles and their 

Hg(II) complex which is known as photochromism. Chapter V describes the effect of light 

irradiation on Hg(II)-halide complexes of 1-alkyl-2-(p-nitro-phenylazo)imidazoles. They have 

been characterized and the structures have been confirmed by single crystal X-ray diffraction. 

UV light assisted photochromic behaviour of ligands and the complexes are checked. The rate 

and quantum yield of E-to-Z isomerisation of the complexes and free ligand also calculated by 

the experimental data. DFT and TD-DFT calculations also support the experimental data of the 

rate and quantum yields. Chromone-based probe is noted in Chapter VI and has been used for 

the chromogenic selective recognition of Cu2+ ion in EtOH-H2O (99:1, v/v) medium. The 

sensor shows excellent selectivity towards Cu2+ ion at very low limit of detection, 0.6 μM and 

the binding constant for Cu2+ also determined as 4.9346 × 104 M-1. The naked eye change of 

color of the probe upon the addition of Cu2+ ion is very convincing and helps to design paper kits. 

From my research work, I have published a total of four original research articles and more 

results will be published shortly. I have attended a number of national and international conferences 

and have presented my research results.  
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CHAPTER I 

 
Abstract 

Design and application of chemosensors towards the detections of biologically 

significant cations: A partial Review 

Chemosensor, a synthetic or semi-synthetic and structurally established chemical compound, 

can recognize various types of analytes selectively, specifically and sensitively by changing 

color with the change in absorption and/or emission characteristics (like wavelength, intensity, 

life time). In last two decades the field is undergoing mammoth progress mainly its application in 

diseases diagnosis, environmental monitoring, toxicological analysis, and usefulness as marker in 

biology and chemistry [1].  

In the field of chemosensors, the Schiff bases have received much attention due to their 

ease of synthesise and structural characterization, use of environmentally benign 

aldehydes/ketones and amines appended with fluorogenic or chromophoric moiety. We have 

designed fluorescence active Schiff bases based on rhodamine, coumarin, diformylphenol and 

chromone moiety which offer O, N, S donating sides towards the analytes. These chemosensors 

recognize Cu2+, Al3+, Zn2+, Cr3+ and Fe3+ ions by Fluorometric as well as colorimetric 

techniques. The synthesized probes have a different application such as preventing metastasis 

in cancer, live cell imaging etc. 
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I.1. Introduction 

The Schiff bases are a group of compounds having a double bond connecting between the 

carbon and nitrogen atoms (-C=N-) [2,3]. During the progression of scientific research Schiff 

bases have been significantly exciting to both chemists/biochemists/environmental analysts. In 

the year 1864 Hugo Schiff reported the first Schiff base and synthesized from the reaction of –

NH2 (an amino) and carbonyl compound (aldehyde or ketone) which has an active, imine (-

C=N-) group. This imine (-C=N-) function, in general, is stable but it can be susceptible to 

hydrolysis in acidic or basic medium and sometime catalysed by metal ions. Schiff bases may 

easily be functionalized and may act as a multidentate chelating agent and can form 

coordination complexes with transition and post-transition metal ions of innumerable 

stereochemistry [4,5]. The Schiff bases (Scheme I.a) show extensive application in the field of 

pharmacology, dye industry, catalysis, agrochemical [6,7], biology and chemistry, [8-10] and 

they also show different biological applications like analgesic, [11] anticancer activity, [12-14] 

anti-inflammatory, [15,16] antifungal, [17,18] antibacterial, [19,20] activity. Several types of 

amines and carbonyl moieties forms various multidentate and structurally unique Schiff bases 

which plays a significant role in broad area of coordination chemistry, sensing, biological 

activity, coordination polymer etc.  

   

 Antibacterial  Anti-Cancer 

 

Anti-tuberculosis 

Scheme I.a. Some biologically active drugs having C=N group 
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I.2. Cations in Biological System 

Cations i.e., the metal ions, these are nonbiodegradable, exist everywhere and plays a vital role 

[21,22] in all forms of life. They can smoothen the normal functioning of various biological 

processes like metabolism, immune system improvement, catalysis oxygen metabolism, 

nervous system, osmotic regulation etc. Different transition, non-transition, alkali/alkaline 

earth metals such as Iron (Fe), Copper (Cu), Chromium (Cr), Zinc (Zn), Cobal (Co), Nickel 

(Ni), Molybdenum (Mo), Aluminum (Al), Sodium (Na), Potassium (K), Magnesium (Mg), 

Calcium (Ca) contribute a significant activity in biological process. In human body Iron 

occupies the most abundant and significant transition trace element. It exists in both ferrous 

(Fe2+) and ferric (Fe3+) form which play a crucial biological function [23]. These two forms of 

iron actively participated in energy production, cell growth, electron transportation etc. Iron 

also presents in hemoglobin and myoglobin which are involved in the oxygen transport and 

oxygen storage process respectively. Fe3+ ion helps to transport electrons. However, the labile 

Fe2+/3+ ions are very much toxic to cells and causes degenerative diseases [24]. Again, the iron 

deficiency can cause anemia, which can be harmful or even deadly [25,26]. But excessive 

consumption of iron leads to dysfunction of different organs as well. Additionally, the presence 

of Iron has severe effects on the quality of crops and agricultural activities [27]. Copper mainly 

exists in two oxidation forms cuprous (Cu+) and cupric (Cu2+) and copper is the third most 

available (next to Fe and Zn) essential nutrient in human body. In human body copper is found 

in liver, bone [28], and muscle. Cu2+ plays a diverse role as an active centres and catalytic co-

factors for metalloenzymes like, superoxide dismutase (SOD), cytochrome oxidase, energy 

transport processes and other several biochemical processes. Copper involves in the formation 

of red blood cells, stimulates the immune system of human body to fight against infections. 

The deficiency of copper can cause bone, arterial, and anaemia abnormalities while the 

excessive level of copper can cause toxicity due to the formation of ROS which give rise to 
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neurodegenerative disease like Wilson's Alzheimer's and Parkinson's disease etc. Additionally, 

Copper is also an essential micronutrient for plants cellular process which on excessive causes 

chlorosis [29-35]. The common oxidation state of chromium is + 3 which is less toxic, however 

the higher oxidation states (Cr4+ and Cr6+) are potentially toxic [36]. The Cr3+ ion is considered 

as the essential trace element in nutritional diet for human and it activates the insulin to reduce 

blood sugar [37,38]. The US Environmental Protection Agency (USEPA) has classified 

chromium species as a mutagenic and carcinogenic agent [39,40]. Below the tolerable level of 

Cr3+ in living system leads to diabetes and cardiovascular diseases. However, the excessive 

presence of Cr3+ ions can bind with DNA through guanine N7 and phosphate backbone and 

affect and damage the cellular components [41,42]. The Zinc commonly exists in divalent form 

(Zn2+) and in this form it is the second most essential micronutrient in biological system. The 

Zn2+ involves in more than 300 enzymes [43] and that’s why it is called the mother of 

metalloenzyme. Notably the Zn2+ ion present at the active site of various enzymes like carbonic 

anhydrase, carboxypeptidase etc. In addition, zinc assists a structural role in various proteins 

and proteins acts as catalytic co-factor for vital process like regulation of enzymes, gene 

expression, DNA binding cellular metabolism, apoptosis, neural signal transmission. Lower 

level of Zinc can cause metabolic disorder like retarded and impaired growth, weaker immune 

response, dermatitis, hypotension, and hypothermia. However, the excess presence of Zinc in 

body is detrimental to vital organs and are responsible for Parkinson's and Alzheimer's disease 

[44-47]. Aluminium is the third most abundant element in the earth crust and it has been 

extensively used in our daily life. The most common oxidation state of Aluminium is Al3+ 

which can be widely used in pharmaceuticals [48-54], water purification systems, food 

supplements etc. But it is well known that Al3+ is a nonessential element while excess of Al3+ 

causes neurological disorders, such as Parkinson’s disease [55-58], Alzheimer and dementia. 

The high concentration of Al3+ effects on plants growth as a result decreases the production of 
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the agriculture. Sodium metal exits as Na+ ion and it is the sixth most abundant elements in 

Earth’s Crust (about 2.83%). Sodium ion (Na+) found in the extracellular part of animal cells 

and it regulates electrostatic charge transportation, osmotic equilibrium and it also maintains 

the blood pressure, pH level. and helps in neurotransmission [59,60]. Lower concentration of 

Na+ caused an electrolytic disorder while an excess concentration exhibits an adverse effect on 

Kidney and increases blood pressure [61]. Potassium (K+) existing as 0.4% of the mass of body 

depending on K+ concentration inside the cells or in the extracellular fluid plays diverse roles 

in the intracellular part and is related with the maintenance of electrolytic balance with the Na+. 

Potassium (K+) ion plays an important role for the signal transduction in the nervous system 

[62,63]. Potassium consumption is very much essential for plants and animal for the regular 

functioning of the system. The imbalances in potassium (K+) level causes a serious health 

problem and high concentration leads to severe cardiac disorder while its deficiency causes 

nausea, muscle weakness and fatigue [64]. Magnesium a member of the alkaline earth series is 

the fourth-most-abundant metal ions in cells. Magnesium mainly exists as Mg2+ ions and it is 

a key component of chlorophyll and performs the photosynthetic process in plants and it also 

acts as cofactor on cell proliferation, numerous enzymatic catalysis like DNA Synthesis [65-

67], phosphorylation of proteins etc. Various distribution of Mg2+ ions in sub-cellular 

compartment accomplish its varying biological function.  Irregular concentration of Mg2+ ions 

are causes different disease such as diabetes, Epilepsy, Alzheimer and hypertension [68-70]. 

Calcium exists as largest intracellular concentration of the alkaline earth series with around 100 

nM in its free form in living system. Primarily 99% of the calcium exists bones and teeth. The 

Ca2+ monitors hormonal secretion, gene transcription, fertilization, nerve impulse transmission, 

signal transduction and muscle contraction. Additionally, the imbalances in intracellular 

concentration level of Ca2+ ion can cause physiological disorder like obesity and Alzheimer's 

disease [71,72]. (Table I.1) 
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Table I.1. Acceptable limits of few elements in drinking water (in the unit of mg/liter) [73] 

Element WHO 

(mg/day) 

ICMR 

(mg/day) 

ISI 

(mg/day) 

USEPA 

(mg/day) 

CPCB 

(mg/day) 

Iron 0.1 1.0 0.3 - 1.0 

Copper 1.0 1.5 0.05 1.3 1.5 

Aluminum 0.03 - - - - 

Zinc 5.0 0.10 5.0 - 15.0 

Chromium - - 0.05 0.1 No relaxation 

Sodium 200 1100-3300  

 

- 20 - 

Potassium - 1100-3750 

mg/day 

- - - 

Magnesium 50 - 30 - 100 

Calcium 75 200 75 - 200 

 

WHO: World Health Organization; ICMR: Indian Council of Medical Research; ISI: Indian 

Standard Institute; USEPA: US Environment and Protection Agency; CPCB: Central Pollution 

Control Board 

I.3. Preference towards Optical Sensing over other analytical techniques 

For the detection of ultra-trace concentration of analytes some common techniques such as 

Electrochemical, Gravimetry and Spectrophotometric methods are used. The Classical 

Techniques which involved so many techniques like inductively coupled plasma-atomic 

emission spectrometry (ICP-AES) [74,75], voltammetry [76], atomic absorption spectroscopy 

(AAS) [77], inductively coupled plasma mass spectrometry (ICPMS) [78], flame atomic 

absorption spectroscopy (FAAS) [79], thin chitosan films [80,81] and functionalized metal 

nanoparticles [82,83] and all these techniques are involves an expensive and laborious and are 

very much complicated for estimation. However Spectrophotometric method based on optical 

chemosensor involves UV-Visible and Fluorescence technique which have emerged as the 
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most convenient method for recognition of biologically important analytes with a low detection 

limit and intracellular imaging of analyte for biological applications. Mainly the Fluorescence 

and Absorption Methods are effective over other because these Fluorescence and Absorption 

Methods are cost-effectiveness, feasible synthetic route, rapid responsive, substantial 

selectivity and sensitivity, easy to analysis, operational simplicity, significant detection limit 

etc. 

I.3.1. Chemosensor 

A device which deals with a physical quantity and transforms to measurable and a distinct 

“signal” that can be detected by a viewer or by an analytical instrument is called sensor. A 

chemosensor is a device which can detect different chemical components such as ions, 

molecules, compounds and different analytical samples employing chemical principles. To 

ensemble a chemosensor three key units are required: (a) a receptor which is composed of 

mainly two units one part attached to spacer and another part i.e., binding unit which performs 

a major role to bind with the specific analytes according to its selectivity and     sensitivity; (b) 

a signaling unit, which provides a specific distinguishable signal when an analyte interacts with 

the receptor; (c) analytical instruments and methods which can recognize this distinguishable 

signal and transformed it into a valued information (Fig.I.1). When an analyte binds with a 

chemosensor then a change in fluorescence and absorption spectra takes place which indicates 

the nature of response towards analytes. When an analyte interacts with the fluorogenic 

receptor then a change in fluorescence emission intensity takes place which can be measured 

by Fluorometric spectrophotometer whereas an analyte when binds with a chromogenic 

receptor then it responses via colorimetric change that can be easily measured by UV-Visible 

absorption spectra. 
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Fig.I.1.  Pictorial representation of binding an analyte (guest) with the chemosensor via host-

guest interaction. 

I.3.2. Different Fluorescence Sensing Mechanism 

In case of fluorescence active molecules, the absorption of light at a specific wavelength effects 

the radiative emission from excited state. In case of fluorescence chemosensors mainly two 

types of responses take place i.e., “Turn On” and “Turn Off”. In case of “Turn On” response, 

commonly the fluorescence emission intensity significantly enhanced at a particular 

wavelength or with the shifting of wavelength or the ratiometric enhancement takes place 

whereas for the “Turn Off” sensing the lowering or the quenching of emission intensity takes 

place sometimes with the shifting of wavelength. 

I.3.2.1. Photoinduced Electron Transfer (PET) 

The PET active chemosensor composed of three moieties i.e., fluorophore-spacer-receptor unit. 

This mechanism exhibits mainly the charge transfer from the lone pair present in the HOMO 

of the heteroatom (O, N, S and P) to the LUMO of acceptor. In case of free probe i.e., the 

unbound state of the probe the intramolecular electron transfer takes place from the HOMO of 

the free receptor to LUMO of the fluorophore moiety, this electronic transition follows the non-

radiative pathway and hence no such fluorescence observed. When the analyte interacts with 

the probe, the electron pair of the receptor interact with the analyte as a consequence the energy 

of the HOMO of the bound receptor decreases and lower than the HOMO of receptor and hence 
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the PET process is inhibited and producing a “Turn On” fluorescence enhancement phenomena 

(Fig.I.2). The solvent polarity makes an important role for the PET mechanism, as the solvent 

polarity increases the electron transfer is also facilitated [84]. 

 

Fig. I.2. Schematic representation of PET process 

I.3.2.2. Excited-State Intramolecular Proton Transfer (ESIPT): 

In biological system proton transfer mode in terms of ESIPT extensively exists in nature. If the 

proton donor (amino and hydroxyl group) present nearby the proton acceptor (–C=O, –N=), 

then the intramolecular hydrogen bonding in an ESIPT molecules becomes favorable [85]. The 

fundamental concept of ESIPT process was first reported by Weller in 1950s [86]. The ESIPT 

process is best explained by the relaxation of photoexcited molecules via tautomerization by 

transfer of protons. A molecule follows the ESIPT mechanism when the molecule is capable 

of forming a five/six membered ring transition state during the tautomerization followed by a 

significantly large Stokes’ shift (Fig.I.3). This process follows the four-state photochemical 

route where the ground state represents as enol (E) form which on photo excitation undergoes 
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tautomerization to keto (K) form and this process can be represented as E*(S1) → K*(S1) and 

this pathway passes through the intramolecular hydrogen bonding with a five/six membered 

cyclic transition state [87]. Then, it reverts back to initial enol form with the reverse protons 

transfer (RPT) mechanism and this process happens at a very fast rate. However, radiative 

decay and the non-radiative ESIPT process follows similar pathway from excited keto (K*) 

form into the ground state keto (K) form. But ESIPT is relatively faster than the radiative decay. 

The ESIPT chromophores show fluorescence because the keto tautomer (K) with a few 

exceptions and are substantially sensitive to its surroundings. The polar and hydrogen-bonding 

donating solvents inhibits the ESIPT mechanism [88]. 

 

 

Fig. I.3. Schematic Representation of ESIPT pathway 

I.3.2.3. Intra and Intermolecular Charge Transfer (ICT) 

ICT is a mechanism by which a molecule in its excited state undergoes energy relaxation via 

charge transfer process and this process carried out by both intermolecular and intramolecular 

pathway (Fig.I.4). The intermolecular charge transfer process happens when an excited 
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molecule and a neighboring molecule act as an acceptor and donor but the intramolecular 

process happens when the charge   redistribution occurs in the excited state within the same 

molecule having both donor and acceptor moieties and generate a great dipole moment. In case 

of ICT system, a fluorophore moiety is in direct interaction with a receptor and compromises 

of electron rich and electron deficient moieties resembling a ‘push–pull’ mechanism. The 

fluorescence output during the detection processes of interaction between the receptor and the 

analyte dictates the change in electron density in the fluorophore. The ICT mechanism causes 

considerable shifts in absorption and fluorescence spectra of the probe upon the binding with 

the analyte and it may exhibit ratiometric fluorescence shifts [89].  

 

Fig. I.4. Schematic representation of ICT phenomena. 

I.3.2.4. Fluorescence Resonance Energy Transfer (FRET) 

The FRET process occurs by the energy transfer from an excited fluorophore (donor) to another 

fluorophore (acceptor). This mechanism is basically a distance-dependent phenomenon. The 

FRET proficiency depends upon the strength of overlap of the donor emission spectra and 
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acceptor absorption spectra and the proximity between two specifically lies within Förster 

radius (3-6 nm), dipole-dipole interaction (Fig. I.5). In FRET process the transfer of energy 

occurs from the excited donor (D*) fluorophore to the acceptor fluorophore (A) having longer-

wavelength (D* + A→D + A*), and acceptor emits light with the resulting loss of emission 

from donor. The efficiency of FRET (EFRET) is depends by the inverse relation with sixth power 

of intermolecular distance (EFRET = 1/[1 + (r/R0)6] ; R0 is the Förster radius and it’s the 

distance where E exhibits at its 50% of its maximum intensity.) for analytes that produces 

changes in molecular proximity with the receptor [90,91]. 

 

Fig. I.5. Schematic Representation of FRET Mechanism. 

I.3.2.5. Chelation Enhanced Fluorescence (CHEF) and Chelation Enhanced Quenching 

(CHEQ): When a fluorogenic probe bears two or more accessible donor centres and can bind 

metal ion simultaneously forming five or six-member ring then a change in fluorescence 

response takes place and this process occurs by two ways i.e., CHEF and CHEQ. When the 

fluorescence intensity increases upon the interaction with metal ion then the process is called 

CHEF and when the fluorescence intensity decreases upon the interaction with metal ion then 
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the process is called CHEQ (Fig. I.6). A red or blue shift in the emission band could be 

observed because of CHEF and CHEQ process. Due to the Chelation in CHEF process the 

rigidity of the resulting complex increases which also enhances the radiative process. However, 

in case of CHEQ due to the existence of paramagnetic substance (transition metal ion or 

radical) the species with the close proximity to the fluorogenic probe and on excitation, it may 

undergo ISC from S1 to T1 state of the fluorophore and subsequently deactivated through the 

non-radiative pathway [92]. 

 

Fig. I.6. Schematic Diagram of CHEF and CHEQ process. 

The quenching process (Fig. I.7) affects the lifetime profile of the probe and this quenching 

further classified into two types (i) Dynamic and (ii) Static 

(i) Dynamic Quenching: when Q>A, collisional quenching happens; excited-state of the 

fluorophore, A*, becomes deactivated in presence of Q, [A*Q]. Heavy atoms have large 

number of L-S coupled states, quenching happens due to spin-orbit coupling and inter-system 

crossing to the triplet state. Dynamic Quenching i.e.  Collisional quenching diminishes the 

lifetime of the fluorophore.  

(ii) Static Quenching: In presence of large excess (Q>>A) of quencher (Q) with the analyte 

(A) a stable ground state complex (A + Q → AQ) may be formed and the resulting component 

may be non-fluorescent then in this case the emission is quenched statically. This type 
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quenching i.e., Static quenching will not change or reduce the lifetime of the sample because 

it forms the non-fluorescent ground state complex with the quencher. Hence, they will have 

normal excited state characteristics. As the quencher is reducing the quantity of fluorophores 

hence the emission from the sample is decreased. 

 

Fig. I.7. Schematic Diagram of Quenching Response. 

I.4. Photochromism 

Photochromism is a reversible photo-isomerization (Scheme I.b) of two different isomers 

having two different absorption spectra and colur. With the photo-irradiation this process 

induces in both the direction or in one direction [93-97]. However, this photo-isomerisation 

leads to change in several physicochemical properties like redox potential, refractive index and 

geometrical structure. Due to these change in molecular property, this phenomenon can be 

applied to several photo-switching devices and optical memory media [98-101].  

 

Scheme I.b. Photo-isomerization with the irradiation of light 
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Inorganic materials have been used to design erasable memory devices which is mainly based 

on magneto-optic effect or on phase transformation. Due to the inadequate reliability the 

organic constituents, they have not exhibited such applications. But now a day such concept is 

completely reversed because some organic dyes are used as a building block of CD-R (compact 

disk-recordable). Photochromic substances have been exhibited a favourable constituents for 

the next generation erasable memory device. Different types of organic materials such as 

azobenzene, stilbene etc., having a photo-isomerizable chromophores can change their 

conformation by photo-irradiation [102, 103]. Some organic polymers which are able to change 

their refractive index [104-108] by thermal heating and they have been currently used in optical 

fiber as the switching components. Hence, these types of materials can be effectively 

substituted by photochromic materials [109-112], which can change their refractive index. 

Rate, efficiency and various activity of photochromism have been regulated by molar mass, 

structural flexibility, solvent polarity and presence of apparently innocent molecules associated 

around the photochrome. In this regard, metal complexes of arylazoimidazoles (RaaiR/) have 

been studied in our laboratory in different dimension [113-122]. 

I.5. Biological Applications 

Metal ions, a non-biodegradable integral part of evolution of cells, regulate the cell growth and 

the metabolic processes. Therefore, the measurement of ion concentration in cell is of urgent 

important for human health. Design of ion selective probe those are non-toxic to living cell and 

diffusible to living cells via cell membrane is a focused area of research. In addition, the 

chemosensors penetrates through the different cancer cells and prevents the metastasis in 

cancer. The live cell imaging is so much significant because from this study we can directly 

recognize the presence of biologically important metal ions in intracellular position. Now a 

days the prevention of the metastasis in cancer is relevant because out of 1.35 billion Indian 
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populations, 1.4 million are diagnosed with cancer every year and in a developing country like 

India, mortality from cancer is as high as 1.2 million. Our synthesized probes those are 

mentioned in the different chapters show potent anticancer activity in various cancer cell lines. 

To examine this anticancer activity, we have successfully performed different assay. We went 

through several cellular studies after checking its cytotoxicity through MTT assay to address 

the question that whether the chemosensor has any anticancer effect. As cancer mainly shows 

uncontrolled proliferation (hyperplasia) due to mutation in certain proto-oncogenes and 

inhibited cell death pathways, we checked for the effect of the synthesized chemosensor on the 

proliferation of the cancer cells through colony formation assay. So, our synthesized 

chemosensors shows multi-functional characteristics in biological fields.  

I.6. Use of chemosensors toward detections of bio-relevant cations. 

I.6.1. Al3+ sensing probe  

The 3rd most abundant bio-relevant metal ion, Al3+ in the earth crust has been commonly used 

in our everyday life. Al3+ enters into living body through different activities and exposure to 

environment, biology, food as supplements, pharmaceuticals etc. Hence the detection of Al3+ 

ions (Table I.2) is very challenging task for the researchers. In 2022, H. Xu et al. reported 

[123] a probe on Al3+ sensing where Schiff base receptor based on naphthalimide and 

isoquinoline units (A-1) that can selectively detect Al3+ ions. The probe (A-1) shows visible 

color change and significant enhancement of emission intensity in presence of Al3+ ions in 

DMSO/H2O solution with detection limit of 52 × 10−9 M for Al3+ ions. D. Ravichandran et. al. 

in 2023 reported [124] a probe (A-2) which shows an efficient fluorescent selectivity towards 

Al3+ ions in presence of different competitive cations. The probe (A-2) selectively sense Al3+ 

ions in methanolic (10 μM) solution with the detection limit of 0.0490 μM.  In 2020 W. A. 

Durai et. al. designed [125] a new chemosensor (A-3) which is selectively detect Al3+ ions in 
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DMSO medium. The 1:1 stoichiometry of complexation between the probe and Al3+ has been 

studied by using Job’s plot analysis. The limit of detection (LOD) was evaluated as 13 × 10-7 

M. R. Manjunath et. al. in 2018 synthesized [126] a rhodamine-based chemosensor (A-4) 

detects Al3+ ions by colorimetrically as well as and fluoremetrically. The mechanism of 

complexation between the probe and Al3+ was explained by the cleavage of spirolactam ring 

and as a result fluorescence enhancement takes place. Y. Li and co-authors in 2020 efficiently 

designed [127] a Quinoline carboxamides based on coumarin derivatives which showed the 

fluorescence quenching in presence of Al3+ ions in MeCN/H2O (95:5, v/v) medium.  The 

reported probe (A-5) shows the good selectivity and sensitivity towards Al3+ ions and form 2:1 

complex with Al3+ ions in MeCN/H2O (95:5, v/v) medium. S. Suresh et. al. in 2018 synthesised 

[128] a pyrene based chemosensor (A-6) by an aldol type of condensation reaction. The 

chemosensor detect Al3+ ions selectively with the enhancement of fluorescene intensity and the 

probe (A-6) formed 1:1 stoichiometric complex with Al3+ ions which was established by the 

job’s plot analysis. The detection limit towards Al3+ ions was evaluated as 4.13 × 10-6 M. M. 

V. Kaveri and co-authors in 2021 reported [129] a probe (A-7) which has been synthesized by 

the condensation between salicyaldehyde and carbohydrazide. The probe (A-7) specifically 

and selectively sense Al3+ ions with the enhancement of fluorescence intensity and the probe 

forms 1:1 complex with Al3+ ions. The limit of detection (LOD) value of the probe towards 

Al3+ was reported as 32 nM. The probe (A-7) can used as a cell imaging study of Al3+ ions in 

MCF-7 cells lines and real water samples. A. Saravanan et. al. in 2020 reported [130] a probe 

(A-8) which can selectively sense Al3+ ions with the enhancement of emission intensity. The 

limit of detection of the probe (A-8) towards Al3+ ions evaluated as 1.2 × 10−7 M. Additionally 

the probe (A-8) can be used as the detection of Al3+ ions in real water sample. L. Fan and 

coauthors in 2014 reported [131] a coumarin based probe (A-9) which has selectively sense 

Al3+ ions. The probe selectively detects Al3+ ions with the 200-fold enhancement of emission 
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intensity. The probe (A-9) shows 2:1 stoichiometric binding with Al3+ ions. The limit of 

detection value of the probe (A-9) towards Al3+ ions was reported as 8.2 × 10−7 M. M. Kumar 

et. al. in 2022 reported [132] a new salicylaldehyde based chemosensor (A-10) which 

selectively detect Al3+ ions. The probe shows 20 times enhancement of emission intensity in 

existence of only Al3+ ions. The chemosensor (A-10) also shows similar trend for Al3+ ions in 

presence of various type solvents. Additionally, the limit of detection of A-10 for Al3+ ions was 

evaluated as 1.2 ×10−6 M. The Job’s plot calculations showed the 2:1 complexation between 

the probe (A-10) and Al3+ ions. 

Table I.2. Some Reported Probes on Al3+ sensing 

Probe Solvent LOD (M) Reference 

 

 
A-1 

DMSO/H2O (9/1, v/v, pH 

7.4, HEPES buffer, 0.2 mM) 
5.2 × 10−8 [123] 

 

 
A-2 

Methanol (10 μM) solution 4.9 × 10−8 [124] 

 

 

 
A-3 

 

 

DMSO medium 13 × 10-7 M [125] 
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Probe Solvent LOD (M) Reference 

 

 
 

A-4 

CH3CN:H2O (80:20, v/v) 

solution 
- [126] 

A-5 

MeCN/H2O (95:5, v/v)                         

solution 
- [127] 

 
A-6 

EtOH-H2O solution (1:1 v/v, 

HEPES = 50 mM, pH = 7.4) 
4.13 × 10-6 M [128] 

 

 
 

A-7 

CH3OH : H2O (1:2, v/v) 32 × 10-9 M [129] 

 
A-8 

DMSO-H2O 1.2 × 10−7 M [130] 
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Probe Solvent LOD (M) Reference 

 
A-9 

EtOH 8.2 × 10-7 M [131] 

 

 
A-10 

DMF 1.2 × 10-6 M [132] 

I.6.2. Zn2+ ion sensing probe 

Zinc ion (Zn2+), being a very essential element, plays an important role in different biochemical 

and environmental activities. So, the detection of Zn2+ (Table I.3) is very interesting task for 

the researchers. G. Xu et. al. in 2023 reported [133] a hydrazone-based Schiff base (Z-1) which 

has been selectively detects Zn2+ ions in DMSO/H2O with the strong yellow-green emission. 

The probe (Z-1) forms 1:1 stoichiometric adduct with Zn2+ ions which has been established by 

Job’s Plot study. The detection limit (LOD) as well as binding constant value was evaluated as 

112 μM and 184 M−1 respectively. Additionally, the reported probe (Z-1) detects Zn2+ ions on 

test paper strips. R. Behura et. al. in 2022 reported [134] a dinitrophenyl-based Schiff base (Z-

2) which sense Zn2+ ions selectively in DMSO-H2O solvent mixture. The binding constant and 

the limit of detection are evaluated as 6.35 ×107 M−1 and 1.1 ×10−8 M, respectively. 

Additionally, the chemosensor (Z-2) can be used to detect Zn2+ ions in living Hela cells. S. 

Sahu et. al. in 2022 reported [135] an isoindole-imidazole containing probe (Z-3). The probe 

(Z-3) selectively sense Zn2+ ions via fluorescence turn-on pathway. The chemosensor (Z-3) 

showed very low detection limit as 0.073 µM towards Zn2+ ions. The stoichiometric study has 

been studied by Job’s method which indicated the 1:1 complexation between the probe (Z-3) 
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+ Zn2+ ions. X. Chen and co-authors in 2022 reported [136] a chemosensor (Z-4) which was 

selectively detect Zn2+ ions by colorimetric as well as fluorimetric pathway. The probe (Z-4) 

exhibited outstanding fluorescent sensing toward Zn2+ ions in EtOH/H2O medium. The probe 

showed very low limit of detection (34 nM) toward Zn2+ ions. The chemosensor (Z-4) used to 

recognize Zn2+ ions in real water samples and living cells. P. Wang et. al. in 2020 reported 

[137] a new fluorescent chemosensor (Z-5) which showed an excellent selectivity toward Zn2+ 

ions and it exhibited a “turn-on” emission specifically for Zn2+ ions. Interestingly chemosensor 

(Z-5) detect Zn2+ ions in 100% aqueous medium. The detection limit for Zn2+ ions was 

evaluated as 19.25 nM. Y. S. Yang et. al. in 2018 synthesized [138] a fluorescence probe (Z-

6) mainly based on cinnamyl pyrazoline which was detect selectively Zn2+ ions with a 56-fold 

increase in emission intensity. The reported probe significantly and selectively detects Zn2+ 

ions and the detection limit and binding constant value was evaluated as 2.95 × 10−8 M and 

1.468 × 104 M-1 respectively. The chemosensor used to recognize Zn2+ ions in baby hamster 

kidney (BHK)-21 cells. L. Chen et. al. in 2022 synthesized [139] a probe (Z-7) by grafting 2-

hydrazinobenzothiazole onto 2,6-diformyl-4- methylphenol, which was selectively sense Zn2+ 

ions with the significant enhancement of fluorescent intensity and distinguishable change in 

color from light yellow-green to strong green. The detection limit (LOD) for Zn2+ ions was 

reported as 1.9 × 10−8 M. The probe can be effectively used as a paper based indicator of Zn2+ 

ions as well as live cell imaging of Zn2+ ions. Z. Liu and co-authors in 2023 reported [140] a 

benzothiazole based probe (Z-8) which was selectively recognize Zn2+ ions with a very low 

limit of detection towards Zn2+ ion as 0.678 μM. Y. Sun and co-authors in 2015 reported [141] 

a chemosensor (Z-9) mainly based on acylhydrazone group which selectively sense Zn2+ ions 

but in existence of different competitive cations no such distinguishable change in emission 

intensity takes place. The detection limit (LOD) for Zn2+ ions was evaluated as 9.3 × 10−8 M. 

In addition, the probe (Z-9) can be used in biological systems for the monitoring of Zn2+ ions. 
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J. Zhu et. al. in 2017 synthesized [142] a Schiff base (Z-10) showed excellent turn-on 

fluorescence response selectively for Zn2+ ions. From the Job’s plot analysis, the stoichiometry 

of complexation determined as 2:1 ratio between the probe (Z-10) and Zn2+. The detection limit 

(LOD) for Zn2+ ions was evaluated as 5.03 × 10-7 M. The chemosensor (Z-10) can be used as 

fluorescence live cell imaging to detect Zn2+ ions. 

Table I.3. Some Reported Probes on Zn2+ sensing. 

Probe Solvent LOD (M) Reference 

 

Z-1 

DMSO/H2O 112 × 10−6 [133] 

 

Z-2 

DMSO:H2O (10:90 v/v) 1.1 × 10−8 [134] 

 

Z-3 

3:7 HEPES buffer:DMSO 7.3 × 10−8  [135] 

 

Z- 4 

 

EtOH/H2O 3.4 × 10−8 [136] 
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Z-5 

HEPES buffer solutions 

(20.0 mM, pH 7.4). 
1.92 × 10−8 [137] 

 

Z-6 

EtOH–H2O (1 : 1, v/v, pH = 

7.2) 
2.95 × 10−8 [138] 

 
Z-7 

DMSO-H2O 1.9 × 10−8  [139] 

 

 
 

Z-8 

DMSO/Tris-HCl buffer 

solution 
6.78 × 10-7 [140] 

 

 
Z-9 

H2O/DMSO (8:2, v/v) 9.3 × 10−8  [141] 

 
Z-10 

EtOH/HEPES buffer (95:5, 

v/v, pH 7.4) 
5.03 × 10-7 [142] 

 

I.6.3. Fe3+ ion sensing probe 

Iron is an essential trace element which performs a vital function in different physiological 

actions like oxygen-transport in haemoglobin and myoglobin, electron transfer process in 
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photosynthesis etc. In human body most abundant oxidation state of iron is Fe (III) and it plays 

an important function in chemistry, environment and biology. Hence the detection of Fe (III) 

ions (Table I.4) is very exciting task for the researchers. L. Dong et. al. in 2010 reported [143] 

a rhodamine based Schiff base (F-1) which showed very high sensitivity and selectivity 

towards Fe3+ ions. The chemosensor (F-1) detected Fe3+ ions by fluorometric as well as 

colorimetric method. The probe showed significant color change upon the addition of Fe3+ ions 

with a very low limit of detection (LOD) for Fe3+ ions as 0.11 μM (fluorescence experiment) 

and 1.6 μM (UV–vis experiment). R. Mehandi et. al. in 2023 reported [144] a Oxadiazole based 

chemosensor (F-2) which showed a significant and selective detection towards Fe3+ ions. The 

1:1 stoichiometry of binding between the probe (F-2) and Fe3+ has been established by Job’s 

plot analysis. The detection limit (LOD) for Fe3+ ions was evaluated as 0.113 µM. The probe 

(F-2) showed antifungal activity and good scavenging antioxidant property against DPPH and 

H2O2 free radicals. A. T. Wu and co-authors in 2013 reported [145] a novel chemosensor (F-

3) which exhibited selective recognition towards Fe3+ ions in MeOH solution. The 

chemosensor (F-3) alone showed very weak fluorescence response but in existence of Fe3+ ions 

the emission intensity enhanced significantly and the chemosensor exhibited very high 

association constant with Fe3+ ions. The chemosensor (F-3) showed very low detection limit 

(LOD), which was determined as 8.5 × 10−10 M. G. Singh et. al. in 2019 designed [146] a new 

Schiff base (F-4) which selectively sense Fe3+ ions with a turn-off response and it showed good 

reversibility upon the addition of EDTA in its fluorescence response profile. The detection 

limit (LOD) for Fe3+ ions was evaluated as 0.77 μM. Z. Y. Yin in 2020 reported [147] a new 

coumarin based chemosensor (F-5) which was used to recognize Fe3+ selectively. The 

chemosensor (F-5) showed an important aggregation-induced emission (AIE) and upon the 

addition of Fe3+ to the probe, the distinguishable color change takes place with the significant 

increase in emission intensity. The probe (F-5) showed very low limit of detection (LOD) for 
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Fe3+ ions as 4.88 × 10−7 M. S. Serin and co-authors in 2021 developed [148] a water soluble 

probe (F-6) which exhibited a remarkable decrease in fluorescence intensity upon the addition 

of Fe3+ ions. The detection limit (LOD) for Fe3+ ions was evaluated as 1.29 μM and the 1:1 

stoichiometry of complexation between F-6 and Fe3+ was evaluated from Job’s plot analysis. 

S. Sharma and co-authors in 2021 synthesized [149] an effective chemosensor (F-7) by the 

condensation of sulfanilamide and 3- formyl chromone. The probe (F-7) sense Fe3+ ions by 

fluorimetrically as well as colorimetrically and the probe showed significant sensitivity for Fe3+ 

ions and the detection limit (LOD) for Fe3+ ions was evaluated as 9.3×10-7 M. The probe (F-7) 

can be used as a molecular logic operation (INHIBIT) and also used for the detection of Fe3+ 

ions by test paper strips. L. Wang et. al. in 2018 developed [150] a rhodamine based 

chemosensor (F-8) which showed turn-on fluorescence response for Fe3+ ions. The 

chemosensor (F-8) showed high sensitivity and selectivity for Fe3+ ions with the low limit of 

detection (LOD) value as 92 nM. The probe (F-8) binds with Fe3+ ions with 2:1 stoichiometric 

ratio which was determined from Job's plot analysis. In addition, the chemosensor (F-8) can be 

suitable for the mapping of Fe3+ ions in human colon cancer cells SW480. W. Liang and co-

authors in 2020 reported [151] a fluorescent probe (F-9), which showed efficient selectivity 

towards Fe3+ ions. The emission intensity of the probe (F-9) enhanced significantly with the 

addition of Fe3+ ions. The limit of detection (LOD) for Fe3+ ions is very low as 38.3 nM. 

Additionally, the probe can be effectively used for exogenous and endogenous detection of 

Fe3+ ions in living cells. P. S. Nayab et. al. in 2017 synthesized [152] a rhodamine based probe 

(F-10) which selectively sense Fe3+ ions with a 48-fold enhancement of emission intensity. The 

probe (F-10) formed 1:1 complex with Fe3+ ions which was confirmed by the Job’s plot 

analysis. The detection limit (LOD) for Fe3+ was evaluated as 5.05 μM. 
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Table I.4. Some Reported Probes on Fe3+ sensing 

Probe Solvent LOD (M) Reference 

 

F-1 

Ethanol–water (4/6, v/v, 

Tris–HCl buffer, pH = 7.0) 

0.11μM (fluorescence 

measurement) 

1.6 μM (UV–vis 

measurement). 

[143] 

 

F-2 

DMSO-H2O (1:1, v/v) 1.13 × 10−7  [144] 

 

F-3 

MeOH 8.5 × 10−10  [145] 

 

F-4 

MeOH 7.7 × 10−7 [146] 

 
F-5 

DMSO/H2O (1:9, v/v,              

pH = 7.2) 
4.88 × 10−7 [147] 

 
 

F-6 

Water 1.29 × 10−6 [148] 

 
F-7 

ACN/H2O (1:1, v/v) 9.3 × 10−7 [149] 
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Probe Solvent LOD (M) Reference 

 

F-8 

HEPES buffer solution (1.0 

mM, pH 7.0) 
9.2 × 10-8 [150] 

 

 
F-9 

DMSO/H2O (7 : 3, v/v, pH 

7.4) 
3.83 × 10−8 [151] 

 
F-10 

CH3CN - aq. HEPES buffer. 

(5:5, v/v; pH = 7.2) 
5.05 × 10-6 [152] 

 

I.6.4. Cr3+ ion sensing probe 

Chromium exists at a very trace level in our human body and it plays very major role for the 

metabolism of proteins, fats and carbohydrates and it also controls the activity of insulin in 

human body. In soil and water samples most common oxidation state is Cr (III). Hence there 

is a vital need to estimate such Cr (III) ions (Table I.5). G. B. Chalmardi et. al. in 2018 reported 

[153] a Schiff base (C-1) which showed a selective detection of Cr3+ ions in CH3CN/H2O 

(95/5%) solution. The emission intensity enhanced remarkably with the addition of Cr3+ ions. 

The 1:1 stoichiometry of binding between the probe (C-1) and Cr3+ was determined by Job's 

plot analysis. The association constant (Ka) and the detection limit (LOD) was evaluated as 
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2.28 ×105 M-1 and 1.3 × 10-7 M respectively. Y. S. Wu et. al. in 2014 designed [154] a pyrene 

based chemosensor (C-2) which recognize Cr3+ ions selectively in Tris-HNO3 buffered solution 

(pH 7.0). The probe (C-2) showed ratiometric fluorescence response with a significant 

selectivity towards Cr3+ ions. The detection limit (LOD) for Cr3+ ions was evaluated as 4 × 10−8 

M. The experimental observation revealed that the sensing behavior of C-2 for Cr3+ is pH 

independent. The probe can be used for the recognition of Cr3+ in real water sample. S. 

Mukherjee et. al. in 2020 designed [155] a pyrene based chemosensor (C-3) which detects Cr3+ 

ions in DMSO/H2O (2:1, v/v) medium. The chemosensor (C-3) significantly detects Cr3+ ions 

with the distinguishable change in color. The detection limit (LOD) for Cr3+ was evaluated as 

4.925 × 10−9 M. P. Zhang in 2021 reported [156] a chemosensor (C-4) which showed a 

significant sensitivity towards Cr3+ ions. The limit of detection (LOD) for Cr3+ ions was 

determined as 4.87 × 10-7 M. T. Hu et. al. in 2021 synthesized [157] a new probe (C-5) which 

sense Cr3+ ions in CH3CN-H2O (v/v, 7:3) medium. The limit of detection of the probe (C-5) 

for Cr3+ ion evaluated much lower value as 6.31 × 10-8 M. The mechanism of detection of C-5 

for Cr3+ ion was confirmed by MS and 1H NMR. A. K. Bhanja et. al. in 2017 reported [158] a 

rhodamine based platform (C-6) which selectively and specifically detects Cr3+ ions with the 

enhancement of fluorescence intensity. The chemosensor (C-6) exhibited strong fluorescence 

turn on emission with a clear band appears at 557 nm. The limit of detection for Cr3+ ions was 

evaluated as 33 nM. X. M. Li et. al. in 2017 developed [159] a rhodamine-based probe (C-7) 

which showed colorimetric and fluorescence responses selectively with Cr3+ ions with the 

distinguishable color change with the enhancement of emission intensity up to 13-fold. The 

chemosensor (C-7)   showed the detection limit for Cr3+ ions as 5.6 × 10−6 M. Y. Zhou et. al. 

in 2013 designed [160] a rhodamine-based chemosensor (C-8) which showed high selectivity 

toward Cr3+ ions with a very low detection limit (LOD) as 0.023 µM. The chemosensor (C-8) 

can be used for the recognition of Cr3+ ions in real water samples and it also used to intracellular 
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Cr3+ imaging in living cells. Z. Lu and co-authors in 2015 synthesized [161] a pyrene based 

chemosensor (C-9) which sense Cr3+ ions selectively and the mechanism of sensing was well 

explained by intramolecular-charge transfer (ICT) process. The detection limit (LOD) and the 

association constant (Ka) of the chemosensor for Cr3+ ions were evaluated as 0.23 μM and 7.52 

× 104 M−1 respectively. The 1:1 stoichiometry of complexation between the probe (C-9) and 

Cr3+ was confirmed by the Job’s plot analysis. S. Erdemir et. al. in 2016 designed [162] a new 

anthracene based chemosensor (C-10) which showed sensitivity toward Cr3+ ions by both 

fluorimetric as well as colorimetric experiments in CH3CN medium. The limit of detection 

(LOD) toward Cr3+ ions was evaluated as 0.46 µM. The probe (C-10) also used as a 

fluorescence bio-imaging study of Cr3+ ions in human prostate cancer cell lines.  

Table I.5. Some Reported Probes on Cr3+ sensing. 

Probe Solvent LOD (M) Reference 

 

C-1 

CH3CN/H2O (95/5%) 1.3 × 10−7 [153] 

 

 
 

C-2 

Tris-HNO3 buffered solution 

(pH 7.0) 
4 × 10−8  [154] 

 

C-3 

DMSO/H2O (2:1, v/v) 4.925 × 10−9  [155] 
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C-4 

 

Tris-HCl buffer solution with 

pH = 7.4. 
4.87 × 10-7 [156] 

 
C-5 

CH3CN-H2O (v/v, 7:3) 6.31 × 10-8 [157] 

 

C-6 

 

 

CH3CN/H2O, 1:4, v/v, 

HEPES buffer, pH = 7.4 
3.3 × 10−8 [158] 

 
C-7 

CH3CN/Tris-HCl (0.01 

mol/L, pH 7.4; v/v = 9:1) 
5.6 × 10−6 [159] 

 

C-8 

Tris-HCl (10 mM, pH = 

7.2) 
2.3 × 10-8 [160] 

 
C-9 

THF–H2O (1:1, v/v) at 

pH= 7 (HEPES 10 mM). 
2.3 × 10−7 [161] 



Chapter 1 Introduction 

32  

 
C-10 

CH3CN 4.6 × 10-7  [162] 

I.6.5. Cu2+ ion sensing probe 

The transition metal offers a vital role in biological system because of their participation in 

many physiological functions. Cu (II) being an essential species plays a significant role in 

enzymes, proteins and various biological processes. Hence the detection of Cu2+ ions (Table 

I.6) is an interesting topic for the researchers. R. Tamizhselvi et. al. in 2022 synthesized [163] 

a new sulfonohydrazide based Schiff base (S-1) which selectively sense Cu2+ ions. Interestingly 

the chemosensor (S-1) selectively detect Cu2+ ions by colorimetrically in existence of other 

various cations. The 2:1 stoichiometry of binding between the probe and Cu2+ was supported 

by the Job’s plot analysis. The detection limit (LOD) for Cu2+ ions was evaluated as 2.74 × 10-

7 M. Additionally the probe (S-1) can be used as the efficient chemosensor for the detection 

Cu2+ using test paper strips. N. Tomer et. al. in 2022 reported [164] a chromone based 

chemosensor (S-2) which exhibited colorimetric recognition of Cu2+ ions. The detection limit 

(LOD) for Cu2+ was evaluated as 11.4 × 10-7 M. Additionally the probe (S-2) can be applied 

for the recognition of p-nitrotoluene. V. Bhardwaj et. al. in 2022 synthesized [165] a Schiff 

base (S-3) which exhibited an aggregation-induced emission upon the addition of water. The 

chemosensor (S-3) selectively detect Cu2+ ions and it exhibited turn off sensing in presence of 

Cu2+ ions with a detection limit (LOD) as 5.31 × 10−7 M for Cu2+ ions. The reported probe (S-

3) formed 1:1 complex with Cu2+ ions. The developed Schiff base (S-3) also detect Cu2+ in test 

paper strips and it can be used for the recognition of Cu2+ ions in real water samples. R. Kouser 



Chapter 1 Introduction 

33  

et. al. in 2022 designed [166] a chemosensor (S-4) which selectively sense Cu2+ ions in THF: 

Ethanol medium. The 2:1 complexation between the probe (S-4) and Cu2+ was supported by 

the job’s plot analysis. The reported chemosensor (S-4) showed limit of detection (LOD) for 

Cu2+ as 0.273 ×10−6 M. In addition, the probe can be applied to recognize Cu2+ ions in different 

tissues of biological samples. B. Shruthi et. al. in 2023 developed [167] a chemosensor (S-5) 

which selectively sense Cu2+ ions. The probe (S-5) showed 1:1 complexation with Cu2+ and 

chemosensor (S-5) selectively detect Cu2+ ions with the reduction of emission intensity. The 

detection limit (LOD) for Cu2+ ions was evaluated as 0.39 μM. A. A. Napoleon and co-author 

in 2023 reported [168] a new pyrene based Schiff base (S-6) which was used as an excellent 

colorimetric sensor selectively for Cu2+ ions. Upon the addition of Cu2+ to the probe (S-6), the 

colorless probe changes to yellow which was supported by UV–Visible spectroscopic analysis. 

The 1:1 complexation formed between the probe (S-6) and Cu2+ ions. The detection limit 

(LOD) for Cu2+ ion was determined as 2.19 × 10−7 M. Interestingly the reported chemosensor 

also detect Cu2+ ions in real samples by test paper strips. J.Y. Yang. et. al. in 2023 reported 

[169] a novel chemosensor (S-7) which exhibited as a colorimetric and fluorescent probe for 

the selective recognition of Cu2+ ions with the 25-fold increase in emission intensity. The 

chemosensor (S-7) formed a complex with 1:1 stoichiometric ratio with Cu2+ ions. The 

detection limit (LOD) for Cu2+ was evaluated as 42.2 nM. The probe (S-7) was also used to 

sense Cu2+ in living cells. J. Jia and co-authors in 2023 developed [170] a new 

tetraphenylethene based chemosensor (S-8). The probe was a significant AIE-active species 

and it showed significant selectivity toward Cu2+ ions in DMSO/PBS (70% fw) medium. The 

1:1 stoichiometric complexation between the probe and Cu2+ was confirmed by the Job’s plot 

analysis. The probe exhibited very low detection limit (LOD) for Cu2+ as 4.5 nM. The probe 

(S-8) also used for the estimation of Cu2+ ions in various real water samples. D. Aydin et. al. 

in 2022 designed [171] a benzothiazole-based probe (S-9) which showed an excellent candidate 
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for the selective recognition of Cu2+ ions. The detection limit (LOD) for Cu2+ was evaluated as 

2.23 nM. The stoichiometry of binding between the probe (S-9) and Cu2+ was determined as 

2:1 ratio. Interestingly the chemosensor (S-9) covered silica plates were used to recognize Cu2+ 

ions. S. Majeed et. al. in 2022 developed [172] a chemosensor (S-10) which exhibited 

aggregation induced emission (AIE) followed by excellent selectivity towards Cu2+ ions. The 

detection limit (LOD) for Cu2+ was evaluated as 2.13 nM. Interestingly upon the addition of 

glutathione (GSH) to the probe (S-10)-Cu2+ complex instantly an enhancement of emission 

intensity taken place which was explained by the replacement of Cu2+ ions by GSH and release 

of probe (S-10). Additionally, the chemosensor (S-10) can detect Cu2+ and GSH in various real 

water and food samples. 

Table I.6. Some Reported Probes on Cu2+ sensing. 

Probe Solvent LOD (M) Reference 

 

S-1 

CH3CN : H2O (7:3, v/v) 2.74 × 10−7 [163] 

 
 

S-2 

DMSO 11.4 × 10−7 [164] 

 

S-3 

 

EtOH : HEPES buffer (5% 

EtOH, pH = 7.4) 
5.31 × 10−7  [165] 
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S-4 

THF: Ethanol 0.273 × 10-6 [166] 

 

S-5 

EtOH-H2O (v/v, 8:2) 

(HEPES 0.01 M, pH = 7.4) 

solution. 
0.39 × 10-6 [167] 

 

S-6 

DMSO: H2O (7:3, v/v) 2.19 × 10−7  [168] 

 
S-7 

CH3CN/H2O, 1:1, v/v, 

pH=7.4 

4.22 × 10−8 

 
[169] 

 

S-8 

DMSO/PBS (70% fw) 4.5 × 10-9  [170] 

 
S-9 

HEPES/ ACN (v:v, 3:7, 

pH:7) 
2.23 × 10−9 [171] 

 

C-10 

DMF/H2O (2:8, v/v) 2.13 × 10-9 [172] 
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I.7. Aims and scope of the present research 

Our aim of the research is to design some molecules those will absorb light and be excited; at 

this stage the active species may interact with specific ions so that a characteristic emission 

may be found to identify them and in some cases the excited species may show mechanical 

performance like structural isomerization or photochromism. This thesis contains the synthesis, 

characterization and applications of different species functionalized with fluorescent chromophores, 

which have shown efficient sensitivity for Cu2+, Al3+, Zn2+, Cr3+ and Fe3+ ions and one azoimidazole 

based Hg(II) complex which have shown photo-mechanical activity by trans-cis isomerization those 

can be used as an optical sensor. The dissertation is focused on: (i) Design, synthesis and 

characterization of various Schiff bases appended with a photoactive motif, (ii) Exploring the role of 

such synthesized chemosensor in sensing of various metal ions, (iii) Exploring the optical sensing of 

structural isomers of azoimidazole based Hg (II) complex, (iv) Exploring the role of such chemosensor 

for live cell imaging and biological and medicinal activity. Herein, we explore the characterization of 

four Schiff bases and one azoimidazole based Hg (II) complex in relevance to my thesis work. This 

Schiff bases are mainly based on rhodamine, coumarin, diformylphenol and chromone moiety which 

have been developed, synthesized and characterized by different analytical techniques. These developed 

probs act as an efficient sensor for the detection of Cu2+, Al3+, Zn2+, Cr3+ and Fe3+ ions. Cations exist as 

essential, beneficial as well as non-essential and toxic elements. An optimum concentration of ions must 

be present for the usual functioning of biological system and its presence must be monitored carefully. 

When the concentration of different metal ions increases or reduces then the survivability or the proper 

functioning of cells are somewhat hindered. Therefore, a positive effort should be applied towards the 

detection and quantitative estimation of various ions at ultra-low concentration level. The designed 

probe follows the usual sensing mechanism like ICT, PET, ESIPT, FRET, MLCT etc. Hence the probe 

has been used for the optical sensing of various analytes which mainly follows the primary 

photophysical properties of the synthesized fluorescent chemosensors.[173] 
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Chapter II: A benzimidazolyl–hydroxy- coumarinyl diad (HL) acts as an efficient 

fluorescence turn-on sensor for Al3+ ions. The probe (HL) has been synthesized by the 

following procedure (Scheme I.c). 

 

Scheme I.c. Synthesis of Ligand, HL 

Chapter III: The chapter contains a rhodamine based chemosensor (RFC) which exhibits the 

fluorescent turn-on response for trivalent (Al3+, Cr3+ and Fe3+) metal ion. The probe (RFC) 

has been synthesized by the following procedure (Scheme I.d). 

 

Scheme I.d. Synthesis of Probe RFC 
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Chapter IV: This chapter consist of a diformylphenol based Schiff base (PTR), which can 

selectively detect Zn2+ ions and the probe has been synthesized by the following procedure 

(Scheme I.e) 

 

Scheme I.e. Synthesis of PTR probe 

Chapter V: This chapter contains Structure and Photoisomerisation of Halo-bridged dimeric 

Mercury (II) complexes (Scheme I.f) of 1-alkyl-2-(p-nitro-phenylazo) imidazoles. The 

structure of the Hg-compound has been confirmed by Single Crystal X-ray diffraction study. 

 

Scheme I.f. Synthetic route of Hg (II)- halide complexes 
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Chapter VI: This chapter contains a colorimetric chromone-based platform (MCF) which can 

detect selectively Cu2+ ions. The designed probe (MCF) has been synthesized by the following 

procedure (Scheme I.g) 

 

Scheme I.g. Synthesis of Probe MCF 

I.8. Physical measurement: 

(i)  Elemental analysis: Microanalytical data (C, H, N) were collected on Perkin Elmer 2400 

Series-II CHN analyzer, USA elemental analyzer using the pure solid sample. 

(ii)  FT-IR spectra: FT-IR spectra (4000‒400 cm-1) by Perkin Elmer LX-1 FTIR and LITA 

FT-IR spectrophotometer with samples. 

(iii) UV-Vis spectra: UV-vis experiments were studied by using Perkin Elmer UV-vis 

spectrophotometer with model Lambda 25 using the solution as required concentration. 

The prepared solution with a required concentration has been kept in a quartz cell with 1 

cm path length and the absorption spectra were recorded starting from visible to UV 

region. 

(iv) Fluorescence Spectra: Spectrofluorometric experiments were studied by using Perkin 

Elmer Spectrofluorimeter with model LS-55 using the solution as required concentration. 

The prepared solution with a required concentration has been kept in a quartz cell with 1 

cm path length and the absorption spectra were recorded starting from visible to UV 

region.  
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 (v)  1H-NMR spectra: 1H NMR spectra were studied by using Bruker (AC) 300, 400 MHz 

FT-NMR spectrometer with trimethyl silane (TMS) as internal standard. 

(vi)  Single crystal X-ray diffraction study: Single crystals of the synthesized probes has 

been obtained by the slow evaporation process and the data collected on a Bruker 

SMART Apex CCD area detector by graphite monochromated MoK radiation with 

wavelength of 0.71073 Å. X-ray data reduction, solution of structure and refinement were 

done by using ORTEP- 32 [174], SHELXL-97 [175], and PLATON-99 [176] programs. 

The structures were solved by direct method. 

 (vii) Mass Spectroscopy: To record ESI mass spectra a Water HRMS model XEVO-

G2QTOF#YCA351 spectrometer has been used. 

(viii) Theory and Computational Methods: Optimization of ground-state structures and 

energy calculations for all the synthesized fluorescence probe and their complexes were 

carried out by DFT (density functional theory) method using the Gaussian 09W, where 

B3LYP was chosen as the basis function [177,178]. The fraction of contributions of 

different groups in each molecular orbital were calculated by carrying out GAUSSSUM 

[179] 

(ix) Live cell imaging and anticancer activity: Cell images were taken using fluorescence 

microscope. To investigate the anticancer activity different cell lines (MCF-7, WI-38, 

A549, A431) were used which is mentioned in different chapter. 
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CHAPTER II 

Abstract    

8-(1H-Benzoimidazol-2-yl)-7-hydroxy-4-methyl-chromen-2-one (HL), a benzimidazolyl-

hydroxy-coumarinyl diad, serves as fluorescent turn-on Al3+-sensor in acetonitrile-water (2:1, 

v/v) at pH, 7.2 (HEPES buffer) medium. The intensity of emission on binding with Al3+ is 

enhanced by twelve times of probe with limit of detection (LOD) 0.62 μM. The structure of the 

probe has been established by the spectroscopic data (FT-IR, 1H NMR, Mass spectra) and is 

confirmed by Single Crystal X-ray structure determination. The co-ordination environment of 

the complex, [Al(L)(NO3)2(H2O)(NCCH3)], has been supported by Mass, FT-IR, NMR spectra 

and the Job’s plot supports 1:1 composition. The anti-metastatic potential of HL on Human 

skin carcinoma (A431) and Human lung carcinoma (A549) cells are examined. Wound healing 

and Zymography assay suggest that HL has anti-migratory properties. The RT-PCR and 

Immunoblotting data suggest that HL down-regulates the expression of mesenchymal markers 

(Vimentin, Snail, Slug, MMP, and MMP9) and induces the expression of the epithelial marker 

(E-Cadherin). 

II.1. Introduction 

Towards achievement of sustainable health - quality of air, water, essential goods, 

pharmaceuticals, cosmetics etc. are very important. So, quality control of the food products and 

other consuming materials, along with precise and accurate analytical determination are 

significant (Chapter I). Different high value analytical techniques and instruments are used in 

this regard in the R & D sector of the industries and research institutes. Fluorescence sensing 

[1-7] is one of the widely accepted techniques that is widely used due to high selectivity, 

sensitivity, simple instrumentation technique, low cost etc. By the way sensing of biologically 

active metal ions has practical utility on the issues of human health. Aluminium (Al), third 
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most abundant metal present in the earth’s crust (8% of its mass) [8], has used in large quantity 

in domestic purposes, cooked food supply and transportation. Al(III) ingestion causes diverse 

abnormality in human body such as neurotoxicity, Alzheimer’s and Parkinson’s diseases, and 

also obstructs the protein transportation in respiratory system, softening of bone, anemia in 

living actualities etc. [9,10]. Al(III) impedes the acceptance of Ca2+ and inhibits to delay the 

growth rate of biological systems. Moreover, the harmfulness of Al(III) is a threat towards 

aquatic lives and slows down the agriculture production in acidic lands. Dose-response impact 

of Al(III) shows adverse effects with respect to human health and plant growth. As a 

consequence, developing of new and practical multigesturing chemosensor for Al3+ is very 

important.  Till date, several analytical techniques are available for recognition of Al3+ including 

titrimetric, chromatography, atomic absorption spectra, mass spectrometry, electrochemical 

detection, and Al-NMR technologies. Fluorescence spectroscopic technique is considered in 

recent literature as one of the most powerful analytical technique [11-15]. Many fluorescent 

based probes have been considered and some of them are utilized successfully in Al-

neurochemistry. Most of the molecules have been constructed on quinoline, pyridyl, bipyridyl, 

coumarinyl, imine, pyrene, nitrobenzoxadiazole, carbazole, naphthalimide, benzoxazole, 

pyrazoline, tripyrrins, BINOL, fluorescein, rhodamine fluorophores [16-21]. benzimidazolyl 

and coumarinyl groups are strongly fluorogenic motifs and inclusion of these two in a single 

molecule may prepare analytically and biologically useful agent which may be applied for 

optical detection of metal ions. Besides, coumarin belongs to interesting class of natural 

ingredients and shows anticancer, anticoagulant and antioxidant activity [22]. Benzimidazolyl 

motif serves as fungicides, anthelminthic, anticancer, anti-tubercular, anti-HIV and inhibits 

microtubule assembly [23]. Therefore, a molecular diad with benzimidazolyl and coumarinyl 

groups may be a suitable biomedically significant fluorogenic system and may have biological 

effect against cancer and can be a promising anticancer drug. In this work, we characterize 8-
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(1H-Benzoimidazol-2-yl)-7-hydroxy-4-methyl-chromen-2-one (HL), a diad composed of 

benzimidazolyl and hydroxy-coumarinyl, which is used for the sensing of Al3+ with low 

detection limit (0.62 μM). The composition of the complex is established by spectroscopic data 

(FT-IR, Mass, Job’s plot, 1H NMR). We have examined the biological efficiency of HL against 

metastasis of two human cancer cell lines, A431 and A549; anti-migratory property is assessed 

following wound healing and Zymography assay analysis. Besides, the probe down-regulates 

the expression of mesenchymal markers (Vimentin, Snail, Slug, MMP, and MMP9) and 

induces the expression of the epithelial marker (E-Cadherin). 

II.2. Experimental 

II.2.1 Materials and methods 

Benzene-1,2-diamine was purchased from Himedia and 7-hydroxy-4-methyl-2-oxo-2H-

chromene-8-carbaldehyde was prepared following published method [24]. Thiazolyl Blue 

Tetrazolium Bromide (MTT), Propidium Iodide (PI), RNAse and Ethidium Bromide was 

purchased from Sigma (St. Louis, Missouri, USA). MuLV Reverse Transcriptase was 

purchased from Bio Bharati (Kolkata, India). GoTaq master mix was purchased from Promega 

(Madison, USA). Anti-E Cadherin, Anti-Vimentin, and Anti-GAPDH antibodies were 

purchased from Cell Signaling Technology (Danvers, Massachusetts, USA). Polyvinylidene 

Fluoride membrane was purchased from Pall (New York, USA). Human Lung Carcinoma 

(A549) and Human Skin Carcinoma (A431) cell lines were purchased from National Centre 

for Cell Science (Pune, India) and maintained in Dulbecco’s Phosphate Eagle Medium 

(DMEM) in a humidified chamber maintaining 5 % CO2 at 37°C. Analytical grade chemicals 

and solvents were used in this research.  
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II.2.2 Physical measurements   

Melting point apparatus used to check melting point of the probe. Perkin Elmer RX-1 

spectrophotometer (KBr disk, 4000-400 cm-1) was used to collect IR spectra. Bruker 300 MHz 

FT-NMR spectrometer with TMS as internal standard in DMSO-d6 was used to collect the 1H 

NMR spectra. Water HRMS model XEVO-G2QTOF#YCA351 spectrometer was used to 

record mass spectra. Perkin Elmer Lambda 25 spectrophotometer was used to collect 

absorption spectra and emission spectra were measured in Perkin Elmer LS55 fluorescence 

spectrophotometer at room temperature (298K). The solution spectral measurements were 

carried out at pH, 7.2 (HEPES buffer) in acetonitrile-water (2:1, v/v) medium.  

II.2.3. Quantum Yield Calculation  

The fluorescence quantum yield was measured using standard quinine sulfate solution as 

reference with a known quantum yield, ϕR = 0.54 in 0.5 M H2SO4. The sample under experiment 

and reference were excited at the same wavelength, keeping almost the same absorbance. Using 

the software available in the instrument area of the fluorescence spectra were measured and the 

quantum yield was calculated by following the formula  

ϕS/ϕR = [AS/AR] ✕ [(Abs)R / (Abs)S] ✕[ηS2/ηR2] 

Where, ϕs and ϕR are the fluorescence quantum yield of the samples and reference respectively; 

the areas under emission spectra of the sample and references are represented by AS and AR 

respectively. (Abs)R, (Abs)S are the absorbance of sample and reference at the required 

excitation wave length. The refractive index of the solvent (ηs2) and reference (ηR
2) were 

collected from literature report [25, 26]  
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II.2.4. Synthesis of 8-(1H-Benzoimidazol-2-yl)-7-hydroxy-4-methyl-chromen-2-one (HL) 

7-Hydroxy-4-methyl-2-oxo-2H-chromene-8-carbaldehyde (0.228 g, 1.12 mmol) was dissolved 

in ethanol (20 ml) by adding triethylamine in drops along with ethanol solution of Benzene-1, 

2-diamine (0.13 g, 1.2 mmol). The mixture was then stirred for 6 h at room temperature. The 

precipitate formed was filtered and recrystallized from CHCl3 to isolate yellow crystalline 8-

(1H-Benzoimidazol-2-yl)-7-hydroxy-4-methyl-chromen-2-one (HL) (Scheme II.a). TLC 

experiment was performed to check purity of the product; yield, 0.13 g (62%); M.P. 175C. 

Monoanalytical data of C17H12N2O3 (M.wt. 292) Calcd. for C17H12N2O3: C, 69.86; H, 

4.14; N, 9.58 %. Found: C, 69.78; H, 4.24; N, 9.44 %., MS:  m/z for [M+H+] = 293.08 (calc.), 

m/z for [M+H+] = 293.088 (found) (Fig.II.1); FT-IR:  3444, 3358, 1726, 1615 cm-1 (Fig.II.2).  

1H NMR (300 MHz, DMSO-d6):  13.72 (1H, brs); 7.81-7.78 (3H, m); 7.35-7.32 (2H, m); 7.08 

(1H, d); 6.33 (1H, s); 2.46 (3H, s) (s, singlet; brs, broad singlet; d, doublet; m, multiplet) 

(Fig.II.3). 

 

Scheme II.a. Synthesis of HL and its probable Al(III) complex. 
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Fig.II.1. ESI- MS spectrum of HL. 

 

Fig.II.2. FT-IR spectrum of HL 
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Fig.II.3.  1H NMR spectrum of HL in DMSO-d6. 

II.2.5. Synthesis of Al3+ complex of HL 

The probe, HL (0.114 g, 0.392 mmol) in acetonitrile (30 ml) and Al(NO3)3. 9H2O (0.147 g, 

0.392 mmol) in methanol (15 ml) was added dropwise with constant stirring. The yellowish 

colored solution of HL turned orange after complete addition of Al(NO3)3 and the stirring was 

continued for 6 h (Scheme II.a). The solution was evaporated to dryness and the mass was 

washed with water for several times. The purity was checked by TLC. 

Microanalytical data revealed that Calcd. (%): C19H16AlN5O10 : C, 45.52; H, 3.22; N, 

13.97 % Found: C, 45.49;  H, 3.29; N, 14.08 %, MS:  m/z for [M+Na+] = 524.06 (calc.) , m/z 

for [M+Na+]=524.12(found) (Fig.II.4); IR: 3300-3500(b), 2257(s), 1680(s), 1590(s), 1304 

(Fig.II.5) ; which has supported the composition [AlL(NO3)2(CH3CN)(H2O)]. The 1H NMR 

spectrum of the complex (300 MHz, DMSO-d6) shows  8.14-8.10 (2H, m); 7.88-7.91 (1H, d); 
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7.63-7.60 (2H, m); 6.94-6.97 (1H, d); 6.24 (1H, s); 2.43 (3H, s ) (s, singlet; d, doublet; m, 

multiplet) (Fig.II.6). 

 
Fig.II.4. ESI-MS spectrum of [Al(L)(NO3)2(H2O)(NCCH3)] 

 

Fig.II.5. FT-IR spectrum of Al3+ complex of HL 
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Fig.II.6. 1H NMR spectrum of [Al(L)(NO3)2(H2O)(NCCH3)] in DMSO-d6 

II.2.6. General Method for the UV–vis and Fluorescence Experiments 

Stock solutions of different metal ions ((CaCl2·6H2O, Al(NO3)3·9H2O, NiCl2·6H2O, 

Zn(NO3)2·6H2O, Hg(OAc)2, FeCl3·6H2O, PdCl2, NaCl, Co(NO3)2·6H2O, Cu(OAc)2·H2O, 

CrCl3.6 H2O, Pb(NO3)2 , MnCl2·4H2O, Cd(OAc)2·2H2O,  NH4Cl and KBr) (1 × 10−3 M) were 

prepared in deionized water. A stock solution of HL (1 × 10−3 M) was prepared in acetonitrile. 

The solution of HL was then diluted to 25 μM with acetonitrile-water (2:1, v/v) of pH, 7.2 

(HEPES buffer) for the fluorescence experiments and UV-visible experiments, respectively. 

The different metal ions sensing by probe benzimidazolyl-hydroxy-coumarinyl diad was 

investigated using UV–vis and fluorescence spectrophotometer in mixed aqueous buffer 

(acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES buffer) solution at room temperature. An 

excitation wavelength at λ=309 nm was used for all fluorescence experiments. 

II.2.7. General X-ray Crystallography 

A block shaped crystal (0.240.160.05 Å3) of HL was taken for data collection from Bruker 

SMART APEX II [27] diffractometer equipped with graphite-monochromated MoKα radiation 
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(λ, 0.71073 Å). The hkl range -22h22, -9k9, -23l23 was used to determine the unit cell 

parameters and crystal-orientation matrices. Lorentz and polarization effects were used to 

correct the intensity of data [28].  The crystal data were collected by following the condition, 

I>2σ (I). The crystal structure was determined subsequent SHELXL 97 [29], ORTEP-3 [30], 

and PLATON 99 [31] programs. The non-hydrogen atoms (C,N,O) of the compound were 

refined by anisotropic thermal parameters. Crystal parameters and some selected bond lengths 

with bond angles are reported in Table II.1 and Table II.2 

Table II.1. Crystal data and refinement parameters for HL 

Empirical formula C34H28N4O8 

Formula weight 620.60 

Temperature (K) 298(2) 

System Monoclinic 

Space group P 21/c 

a (Å) 19.0176(16) 

b (Å) 7.8418(7)  

c (Å) 19.4841(16) 

β/° 91.167(3) 

V (Å)3 2905.1(4) 

Z 4 

Dc/g cm−3 1.419   

μ/mm−1 0.103 

λ(Å) 0.71073 

R1
a[I>2(I)] 0.0909 

wR2
b 0.2245 

GOFc 1.135 

aR1 = ||FoFc/Fo; 
 bwR2 = {[w(Fo

2Fc
2)2]/[w(F2

o)
2]}1/2;  w = [2(Fo)

2 + (0.1142P)2 + 

2.4469P]-1  (Fo
2 + 2Fc

2)/3; c Goodness-of-fit  
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Table II.2. List of selected bond parameters of HL 

Bond lengths, Å 

O5 – C21. 1.366(4) O6 – C25 1.345(5) 

O5 – C18 1.404(5) O4 – C18 1.203(5) 

O1 – C1  1.321(5) N4 – C27 1.348(5) 

O2 – C7 1.365(5) N4 – C33 1.392(5) 

O2 – C11 1.379(4) N3 – C27  1.330(5) 

N1 – C10. 1.367(5) N3 – C28  1.380(5) 

N1 – C17  1.378(5) C7 – O3  1.228(5) 

Bond angles (°) 

C21– O5– C18  121.3(3) C7 – O2– C11  122.1(3) 

C10 – N1 – C17  107.4(3) C27 – N4 – C33  108.0(3) 

C10 – N2 – C12  106.1(3) C27 – N3 – C28  105.4(3) 

O2 – C11 – C9. 116.7(3) O5 – C21 – C26  115.7(3) 

O2 – C11 – C4  119.4(3) O5 – C21 – C22 121.4(3) 

O6 – C25 – C26 122.0(4) O1 – C1 – C9  122.9(3) 

N2 – C10 – N1  111.3(3) N3 – C27 – N4  112.3(3) 

 

II.2.8. The biological effect of HL on carcinoma cell lines: 

II.2.8.1. Hemolytic Assay 

The toxicity of HL on Human erythrocytes was estimated by Hemolytic assay [32]. Fresh 

Human blood was drawn in a sterile tube and centrifuged at 3500 g (g: Relative Centrifugal 

Force) for 5 minutes. The supernatant was discarded and the pellet was washed twice in 



Chapter II Benzimidazolyl-hydroxy-coumarinyl diad: Al3+ sensor, preventing metastasis in cancer 

64  

Phosphate Buffer Saline (PBS), pH -7.4, and re-suspended in PBS at a final concentration of 2 

 108 cells/ml. An equal number of cells were incubated with various HL concentrations in a 

1.5 ml microcentrifuge tube over a shaker at 37°C for 1 h. The cells were then centrifuged 

again at 3500 g for 5 minutes and the supernatant was collected and absorbance was measured 

at 540 nm. The percentage of Hemolysis was calculated using the following equation: 

% of Hemolysis = (Op-Ob) / (Om-Ob) X 100 

Op = Absorbance in PBS; Ob = Absorbance in given drug concentration; Om = Absorbance in 

0.1 % Triton X-100. 

II.2.8.2. Cell Viability Assay 

Fresh Human Peripheral blood was collected from one of the scholars volunteer in the research 

group and kept in a sterile Na2EDTA coated tube and diluted with sterile PBS (1:1, v/v), pH -

7.4 under a sterile laminar hood. The diluted blood was then poured over Ficoll Histopaque 

(Sigma, USA) in a ratio of 4:1 of Ficoll: Blood and centrifuged at 2000 g for 15 min and the 

buffy layer of mononuclear cells were collected without disturbing other layers. These 

mononuclear cells were then washed twice in PBS and seeded in a 24 well plate at a 

concentration of    2  105 cells/ml. Cells were then incubated for 24 h at 37°C with various 

HL concentrations (3.42, 6.84, 17.12, 34.24, 68.49, 136.98, 205.47 µM) and counted in a 

hemocytometer using the trypan blue exclusion method. 

II.2.8.3. MTT assay 

The cytotoxicity of HL was evaluated using MTT (3-(4, 5-Dimethyl-2-thiazolyl)-2, 5-

diphenyl-2H-tetrazolium bromide) assay [33]. Cells were seeded in a 96 well plate at a 
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concentration of 1104 cells/well and treated with variable HL concentrations (3.42, 6.84, 

17.12, 34.24, 68.49, 136.98 µM) in FBS free medium for 24 h at 5 % CO2 and 37°C. Briefly, 

after that, the media was discarded and 100 µl of PBS along with 10 µl of MTT solution (5 

mg/ml) was added and incubated for another 3 h at 37°C and 5 % CO2. The formazan crystals 

formed were dissolved by adding another 100 µl of DMSO and absorbance was taken at 595 

nm. 

II.2.8.4. Cell Cycle Analysis 

Briefly, 1  106 cells were seeded in 12 well plates and followed by treatment with with 68.49 

µM of HL and incubated in a 5 % humidified chamber at 37°C for 24 h. Cells were trypsinized 

and washed with PBS suspended in 1 ml PBS and incubated with 10 µl RNAse (2.5 mg/ml) 

and 10 µl Propidium Iodide (1 mg/ml) for 30 min at 37°C. The cells were then analyzed in 

Flow Cytometer (FACS Verse, Becton Dickinson, USA) and data were plotted in the histogram 

as DNA content vs Count. 

II.2.8.5. Gelatin Zymography 

Matrix metalloproteinases are enzymes that are capable of degrading the extracellular matrix. 

The expression of these molecules is low in the normal cell but in pathological conditions of 

cancer cells, their activity increases extensively which helps the cancer cells to metastasize 

[34]. The activity of these enzymes was studied by using non-reducing denatured SDS-PAGE 

[35]. Cells were cultured in 12 well plates and treated with 68.49 µM of HL and incubated for 

24 h in serum-free media in 5 % CO2 at 37°C. The spent media was collected and centrifuged 

at 3500 g for 5 min. The supernatant was then taken and protein was precipitated using10% 

TCA for 30 min at 4°C. It was then centrifuged at 12000 g for 15 min and the pellet was 
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collected and subjected to separation using 10 % SDS-PAGE containing 1mg/ml Gelatin. Gels 

were washed in 2.5 % Triton X-100 and incubated overnight in incubation buffer (Tris-HCl 

50mM, CaCl2 10 mM, pH- 7.5) and stained with Coomassie brilliant blue G-250 stain followed 

by its removal. The gelatinase activity was observed as a clearer band over a blue background. 

II.2.8.6. Wound Healing Assay 

Cells were grown in a 6 well plate with 1 x 105 cell density and cultured until they reached sub-

confluent density. A wound was created using a sterile micro tip and the cell plate was washed 

with sterile PBS and incubated in serum-free media containing 68.49 µM of HL for 24 h at 

37°C in 5 % CO2. The image of the wound closure was captured using an inverted phase-

contrast microscope (Leica Dmi8, Germany) and analyzed by ImageJ software 

(https://imagej.nih.gov/ij/). 

II.2.8.7. RT-PCR 

The gene expression of different Epithelial-Mesenchymal markers was analyzed by RT-PCR. 

The total RNA was isolated from 1  106 cells after treatment using Trizol (Thermo Fischer 

Scientific, USA) and quantified in UV-Vis Spectrophotometer. cDNA was prepared using 

MULV reverse transcriptase (Bio-Bharti, Kolkata). RT-PCR was performed using a Master 

cycler (Eppendorf, Germany) and are separated in 1 % agarose, stained with Ethidium Bromide 

(EtBr) and the image was captured using GelDoc (Bio-Rad, USA). The sequence of all primers 

was given in Table II.3. 

  

https://imagej.nih.gov/ij/
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Table II.3. Primer sequences used for RT-PCR 

S. No. Primers Sequence (5´-3´) 

1 E-Cadherin (F) 

E-Cadherin (R) 

TTCCAGGAACCTCTGTGATG 

TCTTGGCTGAGGATGGTGTA 

2 Vimentin (F) 

Vimentin (R) 

AGGTGGACCAGCTAACCAAC 

TCTCCTCCTGCAATTTCTCC 

3 Snail (F) 

Snail (R) 

CTAGGCCCTGGCTGCTAC 

GACATCTCAGTGGGTCTGGA 

4 Slug (F) 

Slug (R) 

CTGGCCAAACACAAGCAG 

ACCCAGGCTCACATATTCCT 

5 MMP-2 (F) 

MMP-2 (R) 

AAGGGCATTCAGGAGCTCTA 

TCCTGTTTGCAGATCTCAGG 

6 MMP-9 (F) 

MMP-9 (R) 

CCGGACCAAGGATACAGTTT 

CGGCACTGAGGAATGATCTA 

7 GAPDH (F) 

GAPDH (R) 

ATCATCCCTGCCTCTACTGG 

GTCAGGTCCACCACTGACAC 

 

II.2.8.8. Immunoblotting 

Cell lysates containing total protein were prepared after a brief treatment of 24 h and an equal 

amount of protein was separated using SDS-PAGE. Proteins in the gel were transferred to a 

polyvinylidene fluoride membrane (PVDF). The membrane was incubated with anti-E-

cadherin, anti-vimentin, and anti-Gapdh primary antibodies followed by biotinylated secondary 

antibody and developed using NBT-BCIP as substrate.   



Chapter II Benzimidazolyl-hydroxy-coumarinyl diad: Al3+ sensor, preventing metastasis in cancer 

68  

 
II.3. Results and Discussion  

II.3.1. General formulation of HL and its binding with Al3+ 

The probe (HL) is obtained by condensation of 7-hydroxy-4-methyl-2-oxo-2H-chromene-8-

carbaldehyde with benzene-1, 2-diamine in ethanol under stirring condition by adding few 

drops of Et3N at room temperature (Scheme II.a). The mass spectrum of HL shows peak at 

(m/z) 293.088 (Fig.II.1) which corresponds to molecular formula weight (Mwt, 292) and 

supports the composition of the probe. The characteristic stretching vibrations of HL are  

3444 ((O-H)),  3358 ((N-H)) , 1615 ((C=N)) cm-1 (Fig.II.2)  and accounts for 

condensation and cyclisation followed by areal oxidation. The 1H NMR spectrum in DMSO-

d6 (Fig.II.3) identifies phenololato-OH at 13.72 ppm and benzimidazolyl protons appear at 

7.78 -7.81 ppm; coumarinyl, -CH=CH(COO)- appear at 6.33 and 7.08 ppm along with 

phenolato aryl-H signal at 7.32-7.35 ppm.  

Binding of HL to Al3+ has been examined by drop-casting Mass spectrum of 

[HL+Al(NO3)3]] in acetonitrile-water (2:1, v/v) medium at pH, 7.2 and the mass peak at 

(M+Na), m/z) 524.12 (Fig.II.4) (M.wt, 524.06) proves the formation of the complex 

[Al(L)(NO3)2(H2O)(CH3CN)]. FT-IR spectral characteristic peaks have been compared with 

free ligand data and these are (OH2), ((N-H)) 3300-3500(b), (CH3CN) 2257(s), (C=N) 

1590(s), (ONO2) 1304(b) cm-1 (Fig.II.5).  The 1H NMR spectrum of the complex in DMSO-

d6 (Fig.II.6) describes three coumarinyl-Hs at 6.24, 6.94-6.97, 7.88-7.91 ppm and four 

benzimidazolyl Hs appear in pairs at 7.60-7.63 and 8.10-8.14 ppm; imidazolyl-NH does not 

available which is probably involves in the proton exchange with solvent DMSO.  
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II.3.2. Molecular structure of HL 

The single crystal structure determination reveals that the probe, HL, crystallizes in monoclinic 

crystal system with space group P 21/c and Z=4. The asymmetric unit contains two molecules 

(molecule-1, molecule-2; Fig.II.7) those are considered as conformational isomers as per their 

comparable bond parameters (Table II.2). The condensation of 7-hydroxy-4-methyl-2-oxo-

2H-chromene-8-carbaldehyde and benzene-1,2-diamine followed by oxidation by air (O2) has 

been supported by the formation of benzimidazolyl motif (Fig.II.7); where the corresponding 

C10–N1, 1.367(5); C10–N2, 1.323(5); C1–O1, 1.321(5); C7– O3, 1.228(5) (molecule-1) and 

C27-N4 , 1.348(5); C27-N3, 1.330 (5); C25–O6, 1.345(5); C18–O4, 1.203(5) Å (molecule-2) 

bond lengths are within the range of 0.01-0.02 Å).  

 

 Molecule-1 Molecule-2 

Fig.II.7.  Molecular structure of two conformational isomers of probe HL with intermolecular 

Hydrogen bonding. 

The asymmetric unit further contains two lattice water molecules those form hydrogen 

bonding interactions (H1A···O9 = 2.193 Å, H9A···O3=2.079 Å, H8E···O3=1.948 Å, 
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H8D···O4=1.715 Å and H4···O8=2.068 Å) with HL. The structural architecture also reveals 

that the aldehyde and amine moieties are conformed almost planar structure, although the 

hydrogen bonded assembly is not planar. This hydrogen bonded dimeric assembly undergoes 

··· interactions to generate supramolecular aggregate (Fig.II.8). 

 

Fig.II.8. Supramolecular assembly of probe HL. 

II.3.3. Spectroscopic studies 

II.3.3.1. UV-vis Study 

The probe HL shows strong absorption band at 309 nm (Fig.II.9) in acetonitrile-water (2:1, 

v/v; HEPES buffer, pH, 7.2, 25°C). Upon incremental addition of Al3+ to the solution of HL 

the absorption intensity gradually increases at 309 nm (Fig.II.9) and hence this UV-vis study  
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Fig.II.9.  UV – VIS absorption spectra of HL in acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES 

buffer) on incremental addition of Al3+. 

reflects the interaction between HL and Al3+. UV-vis study in presence of different metal ions 

(NH4
+, Na+, K+, Ca2+, Hg2+, Ni2+, Co2+, Cr3+, Pb2+, Pd2+, Mn2+, Cd2+, Cu2+, Fe3+, and Zn2+, Al3+) 

was examined in acetonitrile-water (2:1, v/v; HEPES buffer, pH, 7.2) (Fig.II.10).  

 

Fig.II.10.  UV–vis absorption spectra of HL with various cations in acetonitrile-water (2:1, 

v/v) of pH, 7.2 (HEPES buffer) at room temperature. 
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In UV chamber pale yellow ligand solution turns into green upon addition of Al3+ (Fig.II.11) 

while other cations (NH4
+, Na+, K+, Ca2+, Hg2+, Ni2+, Co2+, Cr3+, Pb2+, Pd2+, Mn2+, Cd2+, Cu2+, 

Fe3+, and Zn2+) do not show observable color change in the sample vial in UV chamber 

(Fig.II.12). The naked eye view of HL in presence of different ions (Fig.II.13) in acetonitrile-

water (2:1, v/v) of pH, 7.2 (HEPES buffer) was studied but no such significant color is 

observed. 

 

Fig.II.11.  In acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES buffer) in UV chamber the 

colorless ligand (HL) solution turns into greenish yellow color.  

 

Fig.II.12. In acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES buffer) UV chamber HL persists 

color in presence of Al3+ but disappears in presence of all other metals. 

 

Fig.II.13.  Naked eye view of HL in presence of different metal ions in acetonitrile-water 

(2:1, v/v) of pH, 7.2 (HEPES buffer)  
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II.3.3.2. Fluorescence study  

The ligand, HL, emits weakly at 453 nm (quantum yield, ϕHL, 0.0091) and upon addition of 

Al3+ a new emission band appears at 508 nm (Fig.II.14) with twelve times enhancement of 

emission in acetonitrile-water (2:1, v/v; HEPES buffer, pH, 7.2). Upon complexation, the 

quantum yield of (HL+Al3+) is enhanced to ϕComplex = 0.0584. The fluorescence spectra of HL 

with other cations (NH4
+, Na+, K+, Ca2+, Hg2+, Ni2+, Co2+, Cr3+ Pb2+, Pd2+, Mn2+, Cd2+, Cu2+, 

Fe3+, and Zn2+) have been examined (Fig.II.14) and no turn-on emission is observed. On 

gradual addition of Al3+ to the solution of HL the fluorescence intensity increases and becomes 

constant at 1:1 molar ratio of ligand and metal ion (Fig.II.15) (acetonitrile-water (2:1, v/v; 

HEPES buffer, pH, 7.2)). Excess of Al3+ does not show any effect on the emission  intensity of 

the mixture. The fluorescence enhancement of [HL+Al3+] may be due to the elimination of 

photoinduced electron transfer (PET) and ESIPT in free HL followed by the attainment of 

structural rigidity through chelation of L- to Al3+ with phenolato-O and imine-N(ring) (Scheme 

II.b). 

 

 Fig.II.14.  Fluorescence spectra of HL in acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES 

buffer) in presence of different cations. 
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Fig.II.15.  Fluorescence spectra of HL in acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES 

buffer) upon incremental addition of Al3+.   

 

Scheme II.b. Probable mechanism and binding mode of HL with Al3+. 

The comparative study (Fig.II.16) in presence of other competing metal ions (NH4
+, Na+, K+, 

Ca2+, Hg2+, Ni2+, Co2+, Cr3+ Pb2+, Pd2+, Mn2+, Cd2+, Cu2+, Fe3+, and Zn2+) the HL shows good 

selectivity towards Al3+; however, a little impact of quenching is observed upon addition of 
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Cu2+ and Fe3+ (Fig.II.16). The quenching may not be accounted from heavy atom effect or 

paramagnetism as other heavy atoms did not quench [36] the fluorescence. 

 

Fig.II.16. Selectivity studies of HL with Al3+ in the presence of competing 

Metal ions in acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES buffer) at room temperature 

The single crystal X-ray study has revealed that the synthesized ligand shows molecular 

assembly through various supramolecular interactions. It may be expected that in solution state 

this molecular aggregation may allow favorable communication to selective cations. It is 

observed that only Cu2+ and Fe3+ are invited to the assemble of [HL-Al3+] through some 

bonding interactions and assist quenching of emission of the complex. Therefore, the 

competitive fluorescence study ([HL-Al3+] + other metal ions) reveals the quenching of 

intensity when Cu2+ and Fe3+ ions are added which may be ascribed to secondary interactions 

in the molecular assembly (Fig.II.17). The quenching may be associated with excited state 

energy transfer or substitution of Al3+ by Cu2+/Fe3+ or chemical change of probe on interaction 

with the ions. We can’t have solid prove to any of the reasons but we could say some interaction 

persist between ([HL-Al3+] and Cu2+/Fe3+ to quench emission. 
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Fig.II.17.  UV–vis absorption spectra of HL with Al3+, Cu2+ and Fe3+ in acetonitrile-water 

(2:1, v/v) of pH, 7.2 (HEPES buffer) at room temperature.   

Time resolved fluorescence measurement of HL in presence and absence of Al3+ shows that 

life time in complex state (τ complex, 2.77 ns) is higher than the free ligand (τ HL, 0.14 ns). The 

decay profile of HL and its [HL-Al3+] complex (Fig.II.18) follow mono-exponential decay 

process. 

 

Fig.II.18.  Fluorescence life time spectra of HL and its Al3+ complex in acetonitrile-water (2:1, 

v/v) of pH, 7.2 (HEPES buffer) 
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The probe (HL) binds with the Al3+ ion by 1:1 stoichiometric ratio which has been confirmed 

by the jobs plot (Fig.II.19) analysis. 

 

Fig.II.19. Job’s plot for binding of Al3+ with HL in acetonitrile-water (2:1, v/v) of pH, 7.2 

(HEPES buffer) by fluorometric method. 

The binding constant, 1.43 × 105 M−1 has been calculated by using modified Benesi-Hildebrand 

plot (Fig.II.20). 

 

Fig.II.20. Modified Benesi-Hildebrand plot of log{(Fmax-Fo)/(F-Fo)} vs. 1/[Al3+] 
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The limit of detection (LOD) of the probe HL (0.62 μM) has been studied in 

acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES buffer)) by 3σ/M method, where σ is the 

standard deviation and M is the slope between the fluorescence intensity versus [Al3+] 

(Fig.II.21).  

 

Fig.II.21.  Determination of LOD of Al3+ by HL in acetonitrile-water (2:1, v/v) of pH, 7.2 

(HEPES buffer) using 3method. 

II.3.4. Probable Binding Mode of HL with Al3+ 

To investigate the interaction between HL and Al3+, the 1H NMR spectrum has been recorded 

and shows the disappearance of coumarinyl –OH in the complex which was present in the 1H 

NMR spectrum of HL at 13.72 ppm (Fig.II.22) and the aromatic protons are shifted towards 

downfield region. In FT-IR spectrum of HL (Fig.II.2) there is a sharp peak of –OH at 3444 

cm-1 which was disappeared in the FT-IR spectrum of Al3+ complex of HL (Fig.II.5). Hence 
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this observation clearly proves the formation of Al(III) complex with the replacement of proton 

from coumarinyl–OH. The binding of CH3CN can be proved by FT-IR spectrum of Al3+ 

complex (inset of Fig.II.5) and (CH3CN) appears at 2257 cm-1. Mass spectral data also 

supports binding of HL to Al3+ (HL (m/z), 293.088 (Fig.II.1); [Al(L)(NO3)2(H2O)(NCCH3)], 

(M+Na), m/z) 524.12 (Fig.II.4)).  

 

Fig.II.22. 1H NMR spectrum of HL and HL+ Al3+ complex in DMSO-d6 
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Intensive scrutiny of literature shows that Al3+ sensing probes with benzimidazolyl / 

coumarinyl group as transducer motif exhibits LOD within M to nM range and stability 

constant (Ka) lies in 104-106 M-1 (Table II.4). 

Table II.4. Comparison of LOD and Ka data of chemosensor to Al3+ available in literature with 

present probe having coumarinyl / benzimidazolyl group as transducer motif. 

Sl 

no. 
Structure of probe 

Limit of      

Detection            

( LOD) 

Binding   

Constant          

(Ka , M-1 ) 

Solvent Reference 

1 
NHN

OH

 

0.99 μM 1.27 ✕104 
CH3CN–H2O         

1:1 v/v 
[37] 

2 

OO

OH

N

OH
 

1.34 μM (1.06±0.2)×104 

MeOH: 0.01 

M HEPES 

Buffer(9:1; 

v/v) 

[38] 

3 

O O

OH N
N

CH3

CH3

HO

 

10.5 nM 8.5 × 105 
1:5 v/v 

DMSO:H2O 
[39] 

4 

O OH

N

HN O

N

O

 

0.25 M 9.64 × 104 

EtOH-

HEPES 

(95:5, v/v) 

[40] 
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Sl 

no. 
Structure of probe 

Limit of      

Detection            

( LOD) 

Binding   

Constant          

(Ka , M-1 ) 

Solvent Reference 

5 

O O

OH

N

HO

OCH3

 

1.62 μM 
(9.9 

±0.04)×103 

(MeOH: 0.01 

M HEPES 

Buffer; 9:1; 

v/v) 

[41] 

6 

N

O NH

N

O

HO

O

 

0.82 M 3.3 × 106 ethanol [42] 

7 

O O

O

N
H

N

HO

N

 

3.3 M 1.03×  104 

ethanol and 

water (9 : 1, 

v/v) 

[43] 

8 

O

NOH

O

HO

 

0.39 μM 4.8 × 105 
1 : 1, v/v 

MeOH–H2O 
[44] 

10 
O

N NH

HO O

 

0.62 μM 1.43 × 105 

acetonitrile-

water (2:1, 

v/v) 

This work 

  II.3.5. Effect of pH  

In analytical and biological application pH of a medium plays a crucial role especially in the 

field of fluorescence chemosensors. Herein, the effect of pH study is determined in the pH 
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range of 2 to 12. The result clearly shows that the fluorescence emission intensity specially in 

case of (HL+Al3+) complex is remarkably high at around pH = 7 (Fig.II.23) but comparably 

 

Fig.II.23. Effect of different pH on fluorescence intensity of HL and HL+ Al3+ complex. 

low emission intensity is observed at high and low pH condition. Hence, the complexation 

between HL and Al3+ mostly favourable at around pH = 7 which is biologically efficient. 

II.3.6. Biological application 

II.3.6.1. Dose selection of HL 

The activity of synthesized compounds has been exhibited its multifunctional activity on the 

biological systems. The active concentration was selected by hemolytic assay, Cell Viability 

assay on PBMC, and MTT assay, and Cell Cycle Assay on Cancer cells. The hemolytic activity 

(Fig.II.24A) suggests that HL was quite safe up to a concentration of 139.98 µM as it induces 

a 6 % hemolysis at this concentration. The cell viability assay by trypan blue exclusion method 
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in PBMC (Fig.II.24B) suggests that HL at 68.49 µM induces 6.7 % cytotoxicity whereas at 

139.98 µM it induces 32 % cytotoxicity. 

 

Fig.II.24.  Effect of HL on cell viability on the percentage of hemolysis (A), on PBMC cell 

viability (B), on Human skin carcinoma (A431) and Human lung carcinoma cell 

viability by MTT assay (C). (D) The cell cycle phase distribution analysis displayed 

as a histogram of DNA content (X-axis) vs count (Y-axis) and bar plot of all phases 

of the cell cycle. The data were represented as mean ± SD and performed in 

triplicate. 
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The MTT assay data (Fig.II.24C) indicate that HL induces significant toxicity in 139.98 µM 

but at 68.49 µM concentration it shows 6% cytotoxicity in A431 cells, and 8.5% in A549 cells. 

So, from these results, we have chosen 68.49 µM as critical dose for further study as it neither 

induces significant toxicity in normal cells nor in cancer cells. The effect of HL is further tested 

on cell cycle phase distribution (Fig.II.24D) of A431, and A549 cells in-vitro which reveals 

that HL doesn’t induce the sub-G1 population in these cancer cell lines and even doesn’t affect 

the cells in different phases of the cell cycle. 

II.3.6.2. Effect of HL on Migration of Carcinoma Cell Lines 

In order to metastasize from the primary site to distant secondary cells in the tumors, the drug, 

HL, induces the activity of Matrix Metallopreoteinase (MMP) enzymes which digest the 

extracellular matrix surrounding the cell and helps to easily invade the bloodstream and travel 

to distant sites. The activity of MMP and MMP2 has been evaluated by gelatin zymography 

(Fig.II.25A), which suggest that the activity of these enzymes in both A549 and A431 has been 

significantly reduced in HL treated as compared to control cells. The anti-migratory potential 

of HL in these two cell lines were also evaluated using wound healing assay (Fig.II.25B), 

which reveals that upon treatment of HL in A431 cells had a wound closure of 26.33 ± 7.5 % 

as compared to the control, 81 ± 7.6 %. In A549 cells the wound is closure to 45.66 ± 10.01 % 

as compared to control, 87 ± 10.14 % which indicates that HL has anti-migratory properties. 

For further investigation of anti-migratory effects, the gene expression of epithelial and 

mesenchymal markers was evaluated. The RT-PCR data (Table II.3; Fig.II.25C), suggest that 

HL downregulates the expression of mesenchymal markers (Vimentin, Snail, Slug, MMP2, 

and MMP9) and induces the expression of the epithelial marker (e-cadherin) in both theses cell 

lines. The RT-PCR data were also fortified by immune-blotting (Fig.II.25D), which indicates 



Chapter II Benzimidazolyl-hydroxy-coumarinyl diad: Al3+ sensor, preventing metastasis in cancer 

85  

that HL downregulates the protein expression of Vimentin and upregulates the expression of 

E-Cadherin and for immunoblotting Gapdh was kept as loading control.  

 

Fig.II.25. HL  Inhibits the migration of carcinoma cell lines. (A) Effect of HL on the activity 

of matrix metalloproteinase enzyme by gelatin zymography. The MMP2 and 

MMP9 bands were displayed. (B) Wound healing assay displaying the 

migration of cells in 24 hours, with and without treatment with HL and the bar 

plots displaying % of wound coverage by cells. (C) The effect of HL on the 

EMT markers done by RT-PCR. (D) Effect of HL on E-Cadherin and Vimentin 

protein expression and bar plots represents the fold change in expression 

normalized with GAPDH. The data were represented as mean ± SD and 

performed in triplicate.  
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II.4. Conclusion 

Benzimidazolyl-hydroxy-coumarinyl (HL) diad constitutes two fluorogenic and biologically 

important groups and demonstrates high fluorogenic selectivity to Al3+ (LOD, 0.62 µM in 

acetonitrile-water (2:1, v/v) at pH, 7.2 (HEPES buffer)) over other cations (NH4
+, Na+, K+, 

Ca2+, Hg2+, Ni2+, Co2+, Pb2+, Pd2+, Mn2+, Cd2+, Cu2+, Fe3+, and Zn2+). HL shows promising 

anti-migratory activity against cancer cells without inducing toxicity in normal cells. It has 

reduced the activity of Matrix Metalloproteinase (MMPs) enzymes and is capable to modulate 

the epithelial to mesenchymal transitions by upregulating the gene expression of the epithelial 

markers and downregulating the gene expression of mesenchymal markers. It was also able to 

induce the protein expression of important epithelia marker, E-Cadherin and reduce the protein 

expression of Vimentin. 
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CHAPTER III 

Abstract    

Strategic design of fluorescent probe for the recognition of ions/molecules at very low 

concentration by fluorescence sensing is one of the stimulating current research topics with 

reference to health and sustainability. Towards this objective, Rhodamine based chemosensors 

are playing extraordinary protagonist. In this work, a Rhodamine appended chromone Schiff 

base (RFC), with two fluorogenic motifs, has been characterized through various spectroscopic 

techniques. The probe exhibits efficient sensitivity towards Analytical Group IIIA ions (Al3+ 

,Cr3+and Fe3+) in existence of other competitive analytes. The fluorescent intensity is enhanced 

by 350 fold (Fe3+), 250 fold (Al3+) and 220 fold (Cr3+), respectively in methanol-water (99:1, 

v/v; HEPES buffer, pH, 7.2) medium. The limits of detection (LOD) (3/M method; = 

standard deviation; M = slope) are 0.0051 ppm (Fe3+), 0.0029 ppm (Al3+) and 0.0052 ppm 

(Cr3+); which are impressive and much below the WHO recommended data. In addition to this, 

the compound has been utilized for cell imaging in presence of these three cations. The action 

of probe on MCF-7 (human breast cancer) cell lines demonstrates IC50, 2.53 µM that is far 

better than activity against WI-38 (normal cell line) (IC50, 393.7 µM). The drug (RFC) 

minimizes the cellular proliferation and has significant wound healing capacity of the infected 

tissue with MCF-7 cells. The probe shows significant nuclear fragmentation with increase in 

the expression of apoptotic markers. Growth inhibition analysis in 3D tumor spheroid model 

showed the inhibition of breast cancer MCF-7 cells. 

  



Chapter III Rhodamine-Chromone Schiff Base: Fe3+,Al3+,Cr3+ Sensor, Anticancer Activity 

91  

III.1. Introduction 

The detection of cation in ecological as well as biological prominence is one of the issues of 

sustainable development [1-3]. The sensing application of organic molecules has exalted 

scientific, technological, and medicinal issues [4-6]. However, the design of a multifunctional 

fluorogenic probe is also a major concern. The ‘turn-on’ fluorescence property is practically 

more reliable than ‘turn-off’ to the probe-analyte interaction because of higher preciseness, 

sensitivity, and accuracy for direct laboratory-to-land application [7-10]. The interaction of 

metal ions has been directly controlled by the binding sites of chemosensor and hence the 

prominence of the fluorescence intensity [11-13].  

Recently, the novel colorimetric and luminescent detection processes have been recognized in 

the sustainable development issues because of their efficacy in the critical phase of biology and 

environment in reference to the quantitative identification of non-biodegradable hazardous ions 

and persistent organic pollutants [14-17]. Principally, the following procedures may be intricate 

for the signaling manifestation of molecular chemosensors: photoinduced charge transfer 

(PCT), chelation-enhanced fluorescence (CHEF) following, in particular, the HSAB (Hard and 

Soft Acid Base) principle [18-20], PET and RET. The quantities of the analyte in the sample 

are the decisive cause for the regularization of ecological progression or the initiation of 

noxiousness. Hence, the trace level recognition of analyte concentration is a most trustworthy 

analytical task [21-23]. 

In this regard, the detection of very low concentration of trivalent metal ions (Analytical Group-

IIIA) is vastly stimulating. These metal ions show mammoth role in living system and environs 

[24-26]. Besides, paramagnetic quenching effect of Cr3+ (d3) and Fe3+ (d5), in general, does not 

promote fluorescence enhancement; although Cr3+ has specific energy ordering of 

interelectronic interaction states in Oh symmetry and allows hetero-spin transition (4T2
2T2) 



Chapter III Rhodamine-Chromone Schiff Base: Fe3+,Al3+,Cr3+ Sensor, Anticancer Activity 

92  

followed by light-induced photochemical/photophysical impact. In most of the living cells the 

metalloenzymes containing Fe(II/III) redox state engage in O2-transportation and redox 

reactions. Any change in demand of biological concentration of living cells, either 

insufficiencies or overload, of these ions may originate potential irregularities and causes of 

ailments such as -  Huntington’s, Alzheimer’s, Parkinson’s, skin problems, anemia, etc [27-

29]. World Health Organization recommends the daily acceptable limit of Al3+ in living system 

is 3–10 mg and the concentration level of Al3+ in drinking water must be below 7.41 µM. 

Excessive accumulation of these ions may cause different irregularities in neurodegenerative 

syndromes, for example, Alzheimer’s, Parkinson’s, weakening of bone, osteoporosis; 

sometimes gastrointestinal problems and waning of liver, stomach and kidney functions etc 

[30-32]. Cr3+ is one of the vital ions appears trace level in the living system and the 13th most 

rich metal ion in earth’s crust. Biological action of human body has been regulated by insulin 

which is controlled by Cr3+ and also triggers secretion of some enzymes and stabilizing the 

activity of different biomolecules. The accessibility of Cr3+ ion in ecosystem is owing to 

erosion of Cr-containing rocks as well as restructuring by volcanic eruptions [33-35]. Some 

excellent chemosensors are designed in search of discussed metal ions (Fe3+, Al3+ and Cr3+) 

detection [36-40]. Recently, unnecessary industrial overflow and disorganized side products of 

these trivalent metal ions from chemical laboratory has also led to antithetical level of pollution. 

Again, insufficiency of any biological element is also harmful to general health of a living 

being. Therefore, a dynamic concentration of biologically important ions/molecules has to be 

maintained and is to be detected by selective, sensitive, cheap and easy processes. In the current 

study, we have designed a fluorescent molecule consisting of two fluorogenic units - rhodamine 

and chromone conjugated by C=N to get the probe (RFC) which has been spectroscopically 

characterized. Interestingly, the fluorescent probe, RFC, shows a ‘turn-on’ emission in 

presence of  Fe3+, Al3+ and Cr3+ (Group-IIIA analytical group) ions in methanol-water (99:1, 
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v/v; HEPES buffer, pH, 7.2) solution. It has also been utilized in the cell imaging study in 

presence of Fe3+, Al3+ and Cr3+ and also for anticancer activity assessment against breast cancer 

MCF-7 cells.  

III.2. Experimental section 

III.2.1. Materials 

Rhodamine B, Ethylenediamine and other reagents were purchased from Merck and used in 

the experiment without further purification. All other chemicals (the metal salts such as: 

FeCl3·6H2O, Al(NO3)3·9H2O, CrCl3.6H2O, NiCl2·6H2O, Cd(OAc)2·2H2O, CaCl2·6H2O, 

Zn(NO3)2·6H2O, Hg(OAc)2, Cu(OAc)2·H2O, NaCl, Co(NO3)2·6H2O, PdCl2, Pb(NO3)2, 

MnCl2·4H2O, BaCl2·2H2O, MgCl2·6H2O, KBr, LaCl3, RuCl3.xH2O, KAuCl4.2H2O, 

SmCl3.6H2O, GdCl3.6H2O, EuCl3.6H2O, In(NO3)3.xH2O, DyCl3.6H2O and TbCl3.6H2O were 

used for experiment) including solvents were of AR grade and used without further 

purification. Methanol, Di-methyl sulfoxide (DMSO -Cell culture Grade) and agarose were 

purchased from Sigma Aldrich. 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 

(MTT), Crystal violet solution (Gram’s Crystal violet) were purchased from Merck. Minimum 

Essential Media (Earle’s) FBS and 1 % Pen-Strep were obtained from Gibco. Trypsin-EDTA 

was purchased from Invitrogen. All compounds were used subsequently used without any 

further rounds of purification. 

III.2.2. General methods 

In the understanding of functional moieties present in the structure different spectroscopic 

techniques have been employed: infrared (IR) spectrum (4000−500 cm−1) was taken on a 

Bruker ALPHA II spectrometer in an attenuated total reflectance (ATR) mode; UV-Vis spectra 

have been recorded through a Perkin-Elmer Lambda 25 spectrophotometer instrument. 
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Emission data were collected on a Perkin-Elmer LS-55 fluorometer at room temperature 

(298K). Bruker 300 MHz FT-NMR spectrometer with TMS has been utilized as internal 

standard in DMSO-d6 solvent was employed to collect the 1H NMR spectra. Water HRMS 

model XEVO-G2QTOF#YCA351 spectrometer was used to collect mass spectra. 

III.2.3. Quantum yield calculation 

The fluorescence quantum yields of the probe RFC and (RFC + Fe3+), (RFC + Al3+), (RFC + 

Cr3+) were measured using standard quinine sulfate solution as a reference with a known 

quantum yield, φR = 0.54 in 0.5 M H2SO4. The reference and experimental sample were excited 

at the same wavelength, maintaining almost the same absorbance. Using the software available 

in the instrument area the fluorescence spectra were measured and the quantum yield was 

calculated by following the formula  

φS/φR = [AS/AR] × [(Abs)R/(Abs)S] × [ηS
2/ηR

2] 

 Where φs and φR are the fluorescence quantum yield of the samples and reference 

respectively; AS and AR are the areas under emission spectra of the sample and references 

respectively. (Abs)R, (Abs)S are the absorbance of reference and sample at the required 

excitation wavelength. The refractive index of the solvent (ηs2) and reference (ηR
2) were 

collected from the literature report [41,42]. 

III.2.4. General experiment for the UV–vis and fluorescence spectra 

A solution of RFC (1 × 10−3 M) was prepared in methanol and the solution of RFC was diluted 

to 25 μM with methanol-water (99:1, v/v) of pH, 7.2 (HEPES buffer) and this solution was 

used in the entire fluorescence and UV-visible experiment. The stock solution (1 × 10−3 M) of 

different metal ions were prepared in deionized water. The different metal ions sensing by the 
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probe RFC were studied using UV–vis and fluorescence spectrophotometer in mixed aqueous 

buffer (methanol-water (99:1, v/v) of pH, 7.2 (HEPES buffer) solution at room temperature. 

An excitation wavelength at λ=350 nm and slit: 10-10 was used for all fluorescence 

experiments. All the experiments have been done after small time gap of the addition of metal 

ions. 

III.2.5. Synthesis of REN 

Rhodamine B derivative, REN, has been synthesized as per the published procedure [43]. 

Rhodamine B (3.0 g, 6.3 mmol) was dissolved in ethanol (50 ml) after that ethylenediamine 

was added drop-by-drop to it for 30 min. The solution was then refluxed for 12 h (Scheme III.a) 

and evaporated to dryness. The product so formed was dissolved in DCM (100 ml) and washed 

well repeatedly with water (3×50 ml) and the product was dried over anhydrous Na2SO4 (2.76 

g, 92% yield).  

ESI-MS (m/z) [M+H]+ calcd for C30H36N4O2 , 485.29, found: 485.33 (Fig.III.1). 

 

Scheme III.a. Synthetic route of REN and RFC. 
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Fig.III.1. ESI- MS spectrum of REN 

III.2.6. Synthesis of RFC 

The rhodamine B derivative REN (396 mg, 0.82 mmol) was dissolved in CH3OH (50 ml) and 

3-formyl chromone (143 mg, 0.82 mmol) acidified with few drops of acetic acid was added to 

that solution. The resulting solution was stirred for 2 h (Scheme III.a) and evaporated to dryness. 

The product so formed was dissolved in dichloromethane (40 ml) and washed well with water 

(2 × 25 ml) and the product was dried over anhydrous Na2SO4 (579 mg, 88 % yield) and the 

product was recrystallized in DCM/hexane solution. 

ESI-MS (m/z) [M+H]+ calcd. for C40H41N4O4, 641.31, found: 641.35 (Fig.III.2).  
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FT-IR: ν 2929, 1688, 1611 cm−1 (Fig.III.3). 

1H NMR (300 MHz, DMSO–d6): δ 7.81 (dd, J1 = 6.2 Hz, J2 = 1.5 Hz, 1H), 7.73 (dd, J1 = 7.7 

Hz, J2 = 1.5 Hz, 1H), 7.52 (d, J = 8.4 Hz, 1H), 7.51 (s, 1H), 7.47-7.41 (m, 1H), 7.06 (t, J = 7.5 

Hz, 1H), 7.03 (d, J = 2.7 Hz, 1H), 7.02 (s, 1H), 7.01-6.92 (m, 2H), 6.40-6.34 (m, 6H), 3.34 (s, 

8H), 3.28 (s, 2H),(there is a broad peak which is somewhat merged with the DMSO peak)  3.19 

(s, 2H), 1.07 (t, J = 6.0 Hz, 12H). (Fig.III.4 & Fig.III.5) 

 

 

Fig.III.2. ESI- MS spectrum of RFC 
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Fig.III.3. IR spectrum of RFC 

 

Fig.III.4. 1H NMR spectrum of RFC 
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III.2.7. Biological Study 

III.2.7.1. Cell culture  

MCF-7 (Breast Adenocarcinoma) and WI-38 (Normal Lung Fibroblast) cells were procured 

from NCCS, Pune. MCF-7 cells were grown in MEM (Earle’s) medium supplemented with 

10% Fetal Bovine Serum (FBS, Gibco) and 1% Pen-Strep solution while WI-38 cells were 

cultured in Eagle's Minimum Essential Medium with 10% Fetal Bovine Serum (FBS, Gibco) 

and 1% Pen-Strep solution with a supply of 5% CO2 at 37°C in a humidified environment of 

the CO2 incubator. All successive investigations were carried out only after three passages.  

III.2.7.2. Fluorescence imaging 

The emission of the probe, RFC was examined in the presence of FeCl3·6H2O, Al 

(NO3)3·9H2O, CrCl3.6H2O on MCF-7 cell line. For the assay, MCF-7 cells were seeded at a 

particular cell density on coverslips inside sterile 6 well plates. After 24 h, the cells were treated 

with the respective salts followed by incubation for 4 h. RFC was then added to the various 

groups except for control. There was also a experimental setup where only the RFC was added 

in the absence of salt. The addition of RFC was followed by incubation for 2 h and then the 

cells were fixed in methanol and observed by using a fluorescence microscope (Olympus) using 

the TRITC (Red) channel mirror. 

III.2.7.3. Cytotoxicity analysis 

The cytotoxic potential of RFC probe was studied by assessing the lessening capacity of 3-(4, 

5- dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT).  For this MCF-7 cells and 

WI-38 cells were seeded in a 96-well plate at a density of 1x104 followed by treatment after 24 

h on varying concentration of RFC (1.6-100 µM). MTT (5 mg/ml; 10 µL) solution was added 

in each well and allowed for 4 h incubation (37°C). Formazan was reduced and then dissolved 

in DMSO/MeOH (1:1) and estimated by spectrophotometric data at 570 nm in a microtitre 
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plate reader (Spectramax i3x). Quantitative informations were gathered following equation: % 

Cell viability = [(A 570 (treated cells-background)/ (A 570 (untreated cells - background)] × 

100. All statistical studies were carried out using GraphPad Prism 8.0. 

III.2.7.4. Colony formation assay  

The cytotoxic effects of the RFC probe were confirmed further through Colony Formation 

Assay on the MCF-7 cell line.  MCF-7 cells were seeded in a sterile 6 well plate at a low density 

(500 cells in 2 ml/well) followed by treatment with two different doses of RFC i.e 2.5 µM and 

5 µM for 24 h. Colony numbers were counted after fixing and staining the cells with crystal 

violet solution (Gram’s crystal violet, Merck). All statistical studies were carried out using 

GraphPad Prism 8.0. 

III.2.7.5. Wound Healing Assay 

To assess the effect of RFC on the migration potential of MCF- 7 cells the wound healing 

assay was performed for which MCF-7 cells were seeded in a sterile 6 well-plate at a high 

density of 108 cell/well in a serum free media in order to minimize the cellular proliferation. 

Cells were maintained till it was about 90% confluent. A sterile 200 µl tip was used to make a 

scratch in the cell monolayer in each well ultimately forming a wound and subsequently washed 

with PBS. The cells were thereafter treated with solution of RFC diluted in MEM. Images were 

captured after every 24 h in a phase contrast microscope. The scratch area was estimated by 

using the Wound Healing Tool in ImageJ software with respect to the relative area of wound 

closure with respect to the control group. All statistical analyses were performed using Graph 

Pad Prism8.0. 

III.2.7.6. Nuclear Fragmentation Assay 

The Nuclear fragmentation assay was performed to analyze the morphological changes in the 

nucleus of the cancer cells due to induction of apoptosis by cytotoxicity of the drug, RFC. 
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MCF-7 cells were seeded into sterile 6-well plates with coverslips placed in each well at a 

density of 2 ×104 cells/well, followed by treatment with RFC after 24 h at a concentration of 

2.5 µM and 5 µM for the next 24 h. On next day the cells were washed with PBS and fixed 

with a 4% Paraformaldehyde solution. Incubation was carried out for 30 min upon adding 

Hoechst 33258 (10 μM) in the dark and observation of the morphological changes in the nuclei 

was made using Fluorescent Microscope (Olympus) with CellSens software. 

III.2.7.7. Western Blot analysis of Apoptotic markers 

The MCF-7 cells were treated with RFC (5 μM) drug for 24 h. Extraction of protein was 

performed using RIPA buffer with added PMSF as the protease inhibitor. Proteins were 

separated (60 μg of total) using SDS-PAGE followed by transfer to a PVDF membrane. 

Blocking of membranes was done using 5% skimmed milk-TBST solution followed by 

incubation with primary antibodies: monoclonal rabbit BAX, BAD, BAK, PUMA (Cell 

Signaling CST, Danvers, MA, USA ), and β-actin (Santa Cruz Biotechnology, CA, USA);  for 

secondary antibodies polyclonal anti-rabbit (Cell Signaling, Danvers, MA, USA); monoclonal 

mouse anti-β-actin (Santa Cruz Biotechnology, CA, USA) was used as the loading control. The 

membranes was washed (3 times) by TBST followed by the addition anti-rabbit secondary 

antibody conjugated to horseradish peroxidase or anti-mouse HRP secondary antibody (Santa 

Cruz Biotechnology, CA, USA) for 1 h at room temperature. Membranes were washed (3 

times) and used for the detection of the antigen-antibody complexes (ECL detection reagent 

(Bio-Rad) on ChemiDoc XRS+ (Bio-Rad). 

III.2.7.8. Growth inhibition analysis on Tumor spheroid (3D) model 

Analysis of growth inhibition was performed on a Multicellular 3D tumor spheroid model using 

MCF-7 cells in a liquid overlay method. Cells were seeded at 3000-5000 cells/ml in 35 mm 

plates pre-coated with 1% Agarose (wt./volume) and incubated with 5% humidified CO2 

incubator and regularly checked for spheroid formation followed by the treatment with the two 
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selected doses of RFC was given and the change in the morphology and size of the spheroids 

were noted up to 8 days. Images were taken in bright field in an inverted microscope 

(Olympus). All statistical studies were carried out using GraphPad Prism 8.0. 

III.3. Results and discussion 

III.3.1. The structure of RFC 

The reaction between rhodamine-ethyl amine (REN) and 3-formyl chromone has isolated a 

novel rhodamine-based Schiff base, RFC (Scheme III.a). The ESI-MS spectrum of RFC shows 

 

Fig.III.5. 1H NMR spectrum of RFC with characteristic region expansion. 

a molecular ion peak at 641.35, which is matched with the calculated value (m/z, [M+H] +) 

641.31. The IR spectrum of RFC shows the existence of –C-H (2929 cm-1), -C=O (1688 cm-

1), -C=N (1611 cm-1) functional groups. The NMR spectrum (Fig.III.4 and Fig.III.5) shows 
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two most downfield doublet signals are assigned to H21 (7.81 ppm) and H9 (7.73 ppm) protons 

adjacent to C=O functions in chromone and Rhodamine, respectively. Unambiguous 

assignment to all the Hs is difficult due to the overlapping of signals. The imine H (-N=CH14) 

appears at 7.51 ppm which is combined with H34 (7.52 ppm) of the Rhodamine motif. The N-

CH2-CH3 signals in NMR spectrum appear as overlapped signal at 3.3 ppm while =N-CH2-

CH2- protons show resonance at 3.18-3.27 ppm.  Other aromatic protons resonate at common 

aromatic region of the spectrum (Fig.III.4). 

III.3.2. Absorption and Emission spectral behaviour 

The probe, RFC shows an intense absorption band at 350 nm (Fig.III.6) in methanol-

water (99:1,v/v; HEPES buffer, pH, 7.2) which may correspond to -* transition; and on the 

 

 

Fig.III.6.  UV–vis absorption spectra of RFC with different metal ions in methanol-water 

(99:1, v/v) of pH, 7.2 (HEPES buffer). 

addition of various cations (Pb2+, Pd2+, Mn2+, Cd2+, Cu2+, Ba2+, Mg2+, Zn2+, Na+, Hg2+, K+, 

Ca2+,Co2+, Ni2+ Ru3+, Au3+, In3+, La3+, Sm3+, Gd3+, Eu3+, Dy3+, Tb3+, In3+) in methanol-water 
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(99:1,v/v; HEPES buffer, pH, 7.2) (Fig.III.6) to RFC solution do not show any significant 

change either in intensity or shifting of absorption band. Most significant observation in the 

spectral feature is because of the addition of Al3+, Cr3+ and Fe3+ solutions to RFC. The probe, 

RFC shows very intense absorption at 350 nm and a weak absorption with a double hump 

feature at 547 nm and 513 nm; upon gradual addition of Fe3+ (Fig.III.7)/Al3+ (Fig.III.8a)/Cr3+ 

(Fig.III.8b) the absorption intensity gradually increases at 350 nm and decreases at 547 nm 

and 513 nm in methanol-water (99:1, v/v; HEPES buffer, pH, 7.2) solution. This implies that 

RFC interacts with these three ions (Fe3+, Al3+, Cr3+) while other ions remain indifferent. On 

irradiation, the RFC solution in UV chamber does not show noteworthy emission, while the 

addition of Al3+, Cr3+ and Fe3+ (Fig.III.9) turns strong pink color and other cations (Pb2+, Pd2+, 

Mn2+, Cd2+, Cu2+, Ba2+, Mg2+, Zn2+, Na+, Hg2+, K+, Ca2+, Co2+, Ni2+, Ru3+, Au3+, In3+, La3+, 

Sm3+, Gd3+, Eu3+, Dy3+, Tb3+, In3+) do not change the original colour of free RFC. 

 

Fig.III.7.  UV–vis absorption spectra of RFC with increasing concentration of Fe3+ in 

methanol-water (99:1, v/v) of pH, 7.2 (HEPES buffer). 



Chapter III Rhodamine-Chromone Schiff Base: Fe3+,Al3+,Cr3+ Sensor, Anticancer Activity 

105  

         

 (a) (b) 

Fig.III.8.  UV–vis absorption spectra of RFC with increasing concentration of (a) Al3+and (b) 

Cr3+ in methanol-water (99:1, v/v) of pH, 7.2 (HEPES buffer). 

 

Fig.III.9.  Vial image in UV chamber of the probe RFC in presence of different cations in 

methanol-water (99:1 v/v; HEPES buffer, pH, 7.2)  

The spectroscopic investigation also shows that RFC does not show any notable emission 

band, nevertheless in existence of Fe3+, Al3+ and Cr3+ ions a highly intense emission band at 

583 nm (Fig.III.10) with 350 fold (Fe3+), 250 fold (Al3+) and 220 fold (Cr3+) in methanol-water 

(99:1,v/v; HEPES buffer, pH, 7.2) medium. 
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Fig.III.10.  Emission spectra of the probe RFC in methanol-water (99:1, v/v; HEPES buffer, 

pH, 7.2) in presence of various metal ions. 

The emission spectra of RFC in presence of cations (Pd2+, Mn2+, Cd2+, Cu2+, Ba2+, Mg2+, Zn2+, 

Na+, K+, Ca2+, Hg2+, Ni2+, Co2+, Pb2+, Ru3+, Au3+, In3+, La3+, Sm3+, Gd3+, Eu3+, Dy3+, Tb3+, In3+) 

have been recorded (Fig.III.10) and the spectra do not show distinguishable turn-on emission. 

The fluorescence spectra of RFC in presence of lanthanides and other different trivalent metal 

ions (Ru3+, Au3+, In3+, La3+, Sm3+, Gd3+, Eu3+, Dy3+, Tb3+, In3+) have been experimentally 

verified (Fig.III.11) but the resulting emission spectra do not show distinguishable turn-on 

emission. 
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Fig.III.11.  Fluorescence response profile of the probe RFC with trivalent lanthanides and 

other trivalent cations in methanol-water (99:1, v/v; HEPES buffer, pH, 7.2). 

On the addition of solution containing Fe3+/Al3+/Cr3+, the emission intensity of RFC at 583 nm 

increases and becomes saturated at a 1:1 stoichiometric ratio of RFC and metal ions (Fe3+, 

Al3+, Cr3+) in methanol-water solution (99:1,v/v; HEPES buffer, pH, 7.2) (Fe3+ (Fig.III.12), 

Al3+ (Fig.III.13) and Cr3+ (Fig.III.14)).  
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Fig.III.12. Fluorescence spectra of the probe RFC (25 M) with incremental addition of Fe3+ 

(3 L each time) in methanol-water (99:1, v/v; HEPES buffer, pH, 7.2) in 

presence of different cations. 

 

Fig.III.13.  Fluorescence spectra of RFC (25 M) with increasing concentration of Al3+ (3 

L each time) in methanol-water (99:1, v/v) of pH, 7.2 (HEPES buffer). 
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Fig.III.14.  Fluorescence spectra of RFC (25 M) with increasing concentration of Cr3+ (3 

L each time) in methanol-water (99:1, v/v) of pH, 7.2 (HEPES buffer). 

The Fluorescence selectivity profile of RFC with Fe3+ (Fig.III.15), Al3+ (Fig.III.16) and Cr3+ 

(Fig.III.17) ions in the existence of competing cations (Pb2+, Pd2+, Mn2+, Cd2+, Cu2+, Ba2+, 

Mg2+, Zn2+, Na+, Hg2+, K+, Ca2+, Co2+, Ni2+ Ru3+, Au3+, In3+, La3+, Sm3+, Gd3+, Eu3+, Dy3+, 

Tb3+, In3+) has been examined and interference is noted. 
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Fig.III.15.  Fluorescence selectivity profile of RFC with Fe3+ in presence of competing 

cations in methanol-water (99:1, v/v; HEPES buffer, pH, 7.2) 

 

 

Fig.III.16.  Fluorescence selectivity profile of RFC with Al3+ in presence of competing metal 

ions in methanol-  water (99:1, v/v; HEPES buffer, pH, 7.2) 
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Fig.III.17.  Fluorescence selectivity profile of RFC with Cr3+ in presence of competing metal 

ions in methanol-water (99:1, v/v; HEPES buffer, pH, 7.2) 

The quantum yield of RFC is very low (, 0.0021) which is increased to 0.66 (RFC+Fe3+), 

0.48 (RFC+Cr3+), 0.39 (RFC+Al3+) respectively.  

The limit of detection (LOD) has been measured for the recognition of experimental 

cations (Cr3+, Al3+ and Fe3+) by 3/M methods and the observed values are 0.0051 ppm (Fe3+) 

(Fig.III.18), 0.0029 ppm (Al3+) (Fig.III.19a) and 0.0052 ppm (Cr3+) (Fig.III.19b) below the 

WHO recommended threshold value in drinking water (Cr3+, 0.05 ppm; Fe3+, 0.3 ppm; Al3+, 

0.2 ppm).  
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Fig.III.18.  Evaluation of LOD of Fe3+ by RFC in methanol-water (99:1, v/v) of pH, 7.2 

(HEPES buffer) using 3method. 

 

 (a) (b) 

Fig.III.19.  Evaluation of LOD of (a) Al3+ (b) Cr3+ by RFC in methanol-water (99:1, v/v) of 

pH, 7.2 (HEPES buffer) using 3method. 

The binding constant (Kd) of the probe RFC towards experimental cations (Al3+, Cr3+ , Fe3+) 

have been determined from the Benesi-Hildebrand plot, and the observed values are 5.81 × 103 

M-1 (Fe3+) (Fig.III.20), 5.82×103 M-1 (Al3+) (Fig.III.21a) and 4.57×103 M-1(Cr3+) (Fig.III.21b).  
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Fig.III.20.  Benesi-Hildebrand plot of the probe RFC in presence of Fe3+ in methanol-water 

(99:1,v/v) of pH, 7.2 (HEPES buffer) 

  

 (a) (b) 

Fig.III.21.  Benesi-Hildebrand plot of the probe RFC in presence of (a) Al3+ and (b) Cr3+ in 

methanol-water (99:1, v/v) of pH, 7.2 (HEPES buffer) 

The stoichiometric study of RFC towards the cations (Fe3+, Al3+ and Cr3+) has been studied 

using Job’s plot (Fig.III.22, Fig.III.23a, and Fig.III.23b) by fluorometric method which has 

established 1:1 stoichiometric binding between RFC and trivalent cations (Cr3+, Fe3+ and Al3+).  
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Fig.III.22.  Job’s plot of the probe RFC with Fe3+ in methanol-water (99:1, v/v) of pH, 7.2 

(HEPES buffer).  

 

 (a) (b) 

Fig.III.23.  Job’s plot of the probe RFC in presence of (a) Al3+ and (b) Cr3+ in methanol-

water (99:1, v/v) of pH, 7.2 (HEPES buffer). 

The Time-resolved fluorescence measurement determines the lifetime of free RFC (τ, 0.73 

ns) which is lower than that of complex mixture, RFC+Fe3+/Al3+/Cr3+ (τ, 0.97 ns, RFC + 

Fe3+), (τ, 1.109 ns, RFC + Al3+), (τ, 1.037 ns, RFC + Cr3+) (Fig.III.24) which also implies the 

overlapping of participating functions of M3+ and RFC. 
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Fig.III.24.  Fluorescence lifetime spectra of RFC and RFC in presence of Fe3+, Al3+ and Cr3+in 

methanol-water (99:1, v/v; HEPES buffer, pH, 7.2) 

Spectrophotometric experiments of RFC and RFC+Fe3+/Al3+/Cr3+ were carried out in the pH 

range 2-11 (Fig.III.25-27). It is observed that no spirolactam ring-opening of RFC takes place 

for pH > 3.0 and hence no emission is recorded. Upon addition of the cations (Fe3+, Al3+ and, 

Cr3+) the emission intensity slowly decreases from pH 2 to 7 but at pH > 8 the emission intensity 

of (RFC + M3+) (M = Fe3+, Al3+, Cr3+) falls significantly which is owing to the precipitation of 

corresponding metal hydroxides. 



Chapter III Rhodamine-Chromone Schiff Base: Fe3+,Al3+,Cr3+ Sensor, Anticancer Activity 

116  

 

Fig.III.25. Effect of pH on RFC and (RFC + Fe3+). 

 

Fig.III.26. Effect of pH on RFC and (RFC + Al3+). 
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Fig.III.27. Effect of pH on RFC and (RFC + Cr3+). 

The probe shows efficient selectivity towards Al3+, Cr3+ and Fe3+ and the recently published 

results (Table III.1) have been compared and it is found that the selectivity performance of the 

probe, RFC, is the highest sensitive and the detection limit is the lowest.  

Table III.1.  Correlation table of some parameters of some recently published related 

research works 

Probe Solvent LOD Kd(M-1) Reference 

 
 

CH3OH–H2O 

(6:4, v/v) 

1.74 nM (Al3+) 

2.36 μM (Cr3+) 

2.90 μM (Fe3+) 

1 ×104 M-1 (Al3+) 

2.6 × 102 M-1(Cr3+) 

1.2 × 102 M-1(Fe3+) 

[44] 

 

THF – H2O (8:2) 

mixture 

0.36 nM (Cr3+) 

0.38 nM (Fe3+) 

0.38 nM (Al3+) 

Not determined [45] 
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Probe Solvent LOD Kd(M
-1) Reference 

 

CH3CN–HEPES 

buffer solution 

(40/60, v/v, pH = 

7.4) 

25 μM (Cr3+) 

23 μM (Al3+) 

20 μM (Fe3+) 

1.08 × 104 M-1 (Fe3+) 

8.7 × 103 M-1 (Al3+) 

5.6 × 103 M-1(Cr3+) 

[46] 

 

CH3OH–H2O 

(1:1, v/v) 

1.6μM (Al3+) 

2.66 μM (Cr3+) 

0.799μM(Fe3+) 

Not determined [47] 

 

MeOH/H2O(6:4, 

v/v,pH=7.4, 10mM 

HEPESbuffer) 

0.79 nM(Al3+) 

1.15 μM(Cr3+) 

1.28 μM(Fe3+) 

7.3 × 104M–1(Al3+) 

2.8 × 104M–1 (Cr3+) 

1.1 × 105M–1(Fe3+) 

[48] 

 

CH3CN 

0.106 μM (Fe3+) 

0.111 μM (Cr3+) 

0.117 μM (Al3+) 

2.25 × 106 M-1 (Fe3+) 

2.24 × 106 M-1 (Cr3+) 

2.26 × 106 M-1 (Al3+) 

[49] 

 

CH3CN–HEPES 

buffer solution 

(1:1, pH = 7.4) 

93 nM (Cr3+) 

32 nM (Al3+) 

90 nM (Fe3+) 

Not determined [50] 

 

CH3OH/H2O (8:2, 

v/v, Tris10 mM, 

pH 7.4) 

2.7 mM (Al3+) 

3.5 mM (Cr3+) 

1.9 mM (Fe3+) 

3.3 × 104M-1 (Al3+) 

3.7 × 104M-1 (Cr3+) 

4.3 × 104M-1 (Fe3+) 

[51] 

 

EtOH/H2O 

(1:1, v/v) 

1.17 μM(Al3+), 

2.50 μM(Fe3+) 

3.16 μM(Cr3+) 

1.42×103M−1(Fe3+), 

3.88×103M−1 (Al3+) 

9.16×103M−1(Cr3+). 

[52] 

 

Methanol-water 

(99:1, v/v; HEPES 

buffer, pH, 7.2) 

0.093 M (Fe3+) 

0.11 M (Al3+) 

0.10 M (Cr3+) 

5.81× 103 M-1(Fe3+) 

5.82× 103 M-1(Al3+) 

4.57× 103 M-1(Cr3+) 

This 

work 
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III.3.3. Mechanism of sensing of Fe3+, Al3+
,
 and Cr3+ by RFC 

Rhodamine derivatives, in general, change their colour on the cleavage of spirolactam ring.  On 

changing pH or interaction with specific metal ion(s) with available donor N/O centres may 

develop strain on the spirolactam ring which leads to cleavage followed by chelation and 

concomitant colour change. After the cleavage of the spirolactam ring the donor atoms (O, N) 

come from amidic moiety may initiate noncovalent interaction (Scheme III.b) with trivalent 

cations (Fe3+, Al3+
,
 and Cr3+).  

 

Scheme III.b.  The probable interacting procedure among the probe RFC and [RFC + M3+] 

(M3+ = Fe3+, Al3+ and, Cr3+). 

The IR spectroscopic studies of RFC and its metal coordinated system have revealed that the 

metal ions are chelated through O, N donors of the opened form of the probe. This has been 

supported by the disappearance of a peak at 1688 cm-1 (C=O of spirolactam ring) (Fig.III.28 

& Fig.III.29).  
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Fig.III.28. IR spectrum of RFC + Fe3+ 

 
 

Fig.III.29. IR spectrum of RFC + Cr3+ 

The 1H-NMR titration of the probe, RFC with M3+ ions (Cr3+, Al3+, Fe3+) shows the broadening 

of the proton signal; such as, two doublets of doublets at 7.81 (H21) and 7.73 (H9) ppm in 

chromone and Rhodamine unit respectively of RFC were broadened after adding 0.5 equiv. 
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Fe3+ in DMSO-d6. Upon addition of 1.0 equiv. Fe3+ both these proton signals (H21 and H9) 

merge to a broad singlet (Fig.III.30). In the same way, the peaks at the region 6.2-7.6 ppm 

were also broadened at large extent. The same observations were also noticed in the case of 

Al3+ and Cr3+ ions as well (Fig.III.31 & Fig.III.32). The NMR broadening may also be due to 

the paramagnetic expansion impact of Fe3+ and Cr3+ complexation along with the ring-opening 

effect of the spirolactam ring. Therefore, the result supports the selective metal ions induced 

spirolactam ring opening of the probe RFC and the formation complexes which enriches the 

concept of ring opening enhancement of emission intensity (Scheme III.b). 

 
 

Fig.III.30. NMR titration of RFC in presence of Fe3+ 

 

 

 

Fig.III.31. NMR titration of RFC in presence of Al3+. 
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Fig.III.32. NMR titration of RFC in presence of Cr3+. 

 

The complexation also supported by the significant peaks in Mass spectrum of the complex 

ion, which is found at m/z = 274.2764 (calculated for FeC44H56N4O8 = 274.7810) (Fig.III.33) 

assignable to [Fe(L)(C2H5OH)2(H2O)2]
3+ ion., m/z = 837.1642 (calculated for C42H46AlN6O11 

= 837.30) (Fig.III.34) assignable to [Al(L)(NO3)2(C2H5OH)]+ ion and m/z = 243.1517 

(calculated for CrC40H44N4O6 = 242.7550) (Fig.III.35) assignable to [Cr(L)(H2O)2]
3+ ion. 

 

 

Fig.III.33. Mass spectrum of [Fe(L)(C2H5OH)2(H2O)2]
 3+ complex ion. 
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Fig.III.34. Mass spectrum of [Al(L)(NO3)2(C2H5OH)]+  complex ion. 

 

 

 
              

Fig.III.35. Mass spectrum of [Cr(L)(H2O)2]
 3+ complex ion. 
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Reversibility and recyclability are considered the most noticeable sustainable parameters in the 

Green Engineering and Technology [53]. The CHEF-induced emission of probe on the 

introduction of Fe3+ and its instantaneous quenching in the addition of CN- can be repeated up 

to 5 cycles (Fig.III.36) upon addition of Fe3+ in (99:1, v/v; HEPES buffer, pH, 7.2) medium. 

 

Fig.III.36. Reversible response cycles of RFC after the addition of Fe3+ along with CN - 

 

Established on the basis of switchable fluorescence features of the probe RFC towards Fe3+, 

an INHIBIT logic gate (Fig.III.37) can be created with the two input signals of Fe3+ and CN- 

and the fluorescence intensity at 583 nm as the output signal. In this case the turn on emission 

can be represented as 1, on the other hand the quenched state can be signified as 0. The 

corresponding truth table (Fig.III.37) was created for the given logical circuit; the output is 

denoted as 1 when it results in the increment of emission [54]. 
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Fig.III.37. General representation of an INHIBIT logic gate and truth table for two inputs: Fe3+ 

and CN- and single output at 583 nm. 

 

The time-dependent fluorescence spectra of the probe RFC upon exposure to UV light at λex 

= 366 nm for 180 min have been studied (Fig.III.38). The observation reveals good 

photostability of the probe RFC. 

 

Fig.III.38. Change in Time-dependent fluorescence intensity of the probe RFC upon 

exposed to UV light (λex = 366 nm) for 180 min. 
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III.3.4. Fluorescence Imaging 

The application of the probe, RFC as chemosensor was examined by treatment of the 

compound (RFC) in the presence of three metal salts Cr3+, Al3+, and Fe3+ on MCF-7 cell line 

and has been compared with WI-38 normal cell line. In the presence of the salt and the RFC 

bright red fluorescence was observed as opposed to the absence of fluorescence in the case of 

control and only RFC (Fig.III.39). This helps to speculate the fact that the compound RFC 

probe has good potential as a chemosensor molecule. 

 

Fig.III.39.  The chemosensing application of RFC in the presence of three metal salts of 

FeCl3·6H2O, Al (NO3)3·9H2O, and CrCl3.6H2O on the MCF-7 cell line. A bright 

red fluorescence was observed (C-E) for RFC+M3+as opposed to the absence of 

fluorescence in the case of control and only RFC (A-B). Images have been 

captured in 40X magnification in the TRITC filter. The scale bar corresponds to 

20 µm. 

III.3.5. Cell Cytotoxicity  

The cytotoxicity analysis was performed on the MCF-7 and WI-38 cell lines using 3- (4, 5-

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT). In 96 well plates the cells 
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were seeded and then RFC probe was added in the variable concentration range (100 µM to 

1.62 µM) for 24 h. The proliferation of MCF-7 breast cancer cells was inhibited while it does 

not exhibit significant cytotoxicity on WI-38 normal lung fibroblast cells and the IC50 of the 

RFC probe on MCF-7 and WI-38 cells were calculated to be 2.53 and 393.7 µM respectively 

(Fig.III.40) using compusyn software. 

  

Fig.III.40. Cell viability of RFC probe on (A) MCF-7 cells and (B) WI-38 cells at various 

concentrations. The error bars correspond to the standard error of the value after 

performing the experiment in triplicates. (n=3) (Two-way ANOVA, *** p<0.001).   

III.3.6. Colony Formation Assay  

For investigating the effect of RFC on MCF-7 cells, Colony Formation Assay was performed. 

For this MCF-7 cells were seeded in 6 well for 24 h followed by treatment with two doses (2.5 

µM and 5µM) of the probe RFC. After 24 h of treatment, the colony size, as well as their 

numbers, was visibly diminished in both the concentrations which again proved the anticancer 

property of RFC (Fig.III.41). 
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Fig.III.41. Colony formation assay performed in MCF-7 cells treated with 2.5 µM and 5 µM 

of RFC. (A-C) Significant inhibition of colony formation and development is 

observed in RFC treated MCF-7 cells as compared to untreated control. Scale bar 

corresponds to 100 µm; (D) Graph showing reduction in number of colonies on 

treatment as compared to untreated control. The error bars correspond to standard 

error of the value after performing the experiment in triplicates. (n=3) (Two-way 

ANOVA, ** p< 0.05 *** p<0.001). 

III.3.7. Wound Healing Assay  

The inhibitory effect of the RFC probe on the migration potential of the MCF-7 cells was 

thereafter assessed by its ability to inhibit the curing of the wound. For this analysis the wound 

healing (Scratch) assay was performed, whereby MCF-7 cells were seeded in sterile 6 well 

plates and after 24 h of incubation a scratch was prepared using a 200 µl micro tip. After 

treatment with 2.5 µM and 5 µM of RFC for 24 h, it was observed that the rate of cell migration, 

as well as invasion, decreased and eventually, after 48 h of treatment, RFC was found to 
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significantly inhibit the closure of wounds in proportion with the dose of treatment in MCF-7 

cells as compared to control (Fig.III.42). 

 

Fig.III.42.  Wound healing assay carried out in MCF-7 cells treated with 5 µM RFC probe. 

(A-F) Significant inhibition of the closure of the wound is observed in treated cells 

as compared to the untreated control. The scale bar corresponds to 100 µm. (G) 

Graph showing reduction in wound healing area on treatment with RFC as 

compared to untreated control where the wound almost completely closes at 48 h. 

The error bars correspond to the standard error of the value after performing the 

experiment in triplicates. (n=3) (Two-way ANOVA, *** p<0.001 ). 

III.3.8. Nuclear Fragmentation Assay:  

Following treatment of 24 h on MCF-7 cells, observation was done for investigating changes 

in nuclear morphology under a Fluorescence microscope (Olympus). Uneven staining of 

Hoechst 33258 in the nuclei and apoptotic morphology with gradual nuclear fragmentation was 

observed in RFC treated MCF-7 cells whereas the cells in the control showed uniform staining 

and normal nucleus without any type of condensation and fragmentation. This speculates that 

RFC contains the potential of inducing apoptosis in MCF-7 cells (Fig.III.43). 
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Fig.III.43. DNA fragmentation assay using Hoechst 33258 dye on MCF -7 cells after 

treatment with 2.5 & 5 µM RFC. The cell nuclei in the control are mostly unlike 

the treatment groups where the nucleus has undergone fragmentation and 

shrinkage with the increase in the dose of treatment. The images have been 

captured in the DAPI channel at 40X magnification Scale bar corresponds to                   

20 µm. 

III.3.9. Western Blot Analysis  

Western Blot analysis was carried out to examine the apoptotic markers on the MCF-7 cell line 

after treatment with 5 µM RFC. The expression of all the pro-apoptotic markers has 

promisingly increased after treatment with respect to the control (Fig.III.44). The expression 

band intensity was normalized to that of Beta-actin used as the loading control. The increase 

in the expression of the pro-apoptotic markers with respect to control in the treatment group 

indicates that the compound RFC possesses apoptosis-inducing potential, which also helps to 

get a better insight into the anticancer potential of a compound by inducing apoptosis in MCF-

7 breast cancer cell line. 
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Fig.III.44. Western Blot analysis was carried out to examine the apoptotic markers on the 

MCF-7 cell line after treatment with 5 µM RFC. The expression of all the pro-

apoptotic markers has promisingly increased after treatment with respect to the 

control. The expression band intensity was normalized to that of Beta-actin used as 

the loading control. The error bars correspond to the standard error of the value after 

performing the experiment in triplicates. (n=3) (Two-way ANOVA, *** p<0.001). 

III.3.10. Growth Inhibition Analysis in Tumor Spheroid Model 

The growth inhibition assay on the Tumor spheroid model was performed to understand the 

anticancer effect of RFC in the 3D tumor model as it is closer to the complex tumor 

microenvironment as well as to know the effect of the compound on Cancer stem cell 

population which is responsible for spheroid formation under low attachment conditions. A 

significant amount of shrinkage in the MCF-7 mammospheres was noticed in the RFC treated 

group as compared to the untreated (control) group where an increase in the volume of the 
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mammospheres with an increasing number of days was observed (Fig.III.45). This shows that 

RFC inhibits breast cancer MCF-7 cells in both 2D and 3D tumor models.  

 

Fig.III.45. Spheroid Growth inhibition assay performed in MCF-7 cells after treatment with 5 

µM RFC. (A-H) Inhibition in the growth of mammoshperes is observed on 

treatment with 5 µM RFC as compared to untreated mammospheres where 

uninhibited growth of the spheroid occurs. Scale bar corresponds to 100 µm. (I) 

Graphical representation of the spheroid growth inhibition compared to untreated 

control up to 8 days. The error bars correspond to standard error of the value after 

performing the experiment in triplicates. (n=3) (Two-way ANOVA, *** p<0.001). 
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III.4. Conclusion  

A probe consisting of two fluorogenic units, Rhodamine and chromone, are attached through -

C=N- to make a Schiff base (RFC) which exhibits efficient ‘turn on’ fluorescent emission 

towards Al3+, Cr3+ and Fe3+ ions in existence of different competitive metal ions. Therefore, the 

material may be employed for the fabrication of a detection device. The probe shows selective 

efficiency to three Analytical Group III metal ions and the limit of detection (0.0051 ppm 

(Fe3+), 0.0029 ppm (Al3+) and 0.0052 ppm (Cr3+)) which is much below the WHO 

recommended data. The probe has excellent anticancer activity against MFC-7 (breast cancer) 

(IC50, 2.53 M) on comparing with normal cell line, WI-38 (IC50, 393.7 M). So, the molecule 

has multi-functional properties and it may be an exquisite material in view of the technological 

and biological field.  
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CHAPTER IV 

Abstract  

A diformylphenol Schiff base of triazole-amine, 4-Methyl-2, 6-bis-[(1H-[1,2,4] triazol-3-

ylimino)-methyl]-phenol (PTR) has been synthesized and characterised by spectroscopic data 

(ESI-MS, UV-Vis, FT-IR, NMR spectra). The probe, PTR, emits at 610 nm upon excitation at 

380 nm and the emission is strongly intensified on interacting with Zn2+ ion in DMSO-water 

(99:1,v/v; HEPES buffer, pH, 7.2) solution even in presence of fifteen other cations (Cu2+, 

Mn2+, Co2+, Ni2+, Pd2+, Cd2+, Pb2+, Hg2+, Fe3+, Cr3+, Al3+, Na+, K+, Ba2+, Ca2+) and the emission 

band has been shifted to 530 nm. The limit of detection of Zn2+, 0.30 µM is much lower than 

WHO recommended value (76 M). The binding constant (Kd) is 4.2585 ×104 M-1. Selective 

and sensitive chemosensing behaviour of PTR to Zn2+ has been explained by switching off 

ESIPT quenching of the keto-enol tautomerisation of the probe along with the chelation 

enhancement of fluorescence (CHEF) by binding with Zn2+.  The Job’s plot and NMR titration 

have been extended to measure the 1:1 molar composition [PTR+Zn2+].  The energy 

calculation by the DFT computation of keto and enol isomers supports easy tautomerisation 

and helps ESIPT quenching by proton transfer. Intracellular Zn2+ ions in living cells of 

HEK293 (PBS: Phosphate Buffer Saline, pH-7.2) have also been identified by the probe, PTR, 

using fluorescence microscopic imaging technique. 

  



Chapter IV Diformyl-triazolo Schiff base: Zn2+ Sensing, Live Cell Imaging 

139  

IV.1. Introduction 

Zinc is a useful element in the progress of civilization since ancient times. Zn (II) is second 

most abundant micronutrient (1st is Iron) and plays a vital role in the growth and development 

of the human body. It regulates neural signal transmission [1], immune function [2], 

mammalian reproduction and others [3–5]. The deficiency of Zn2+ ions cause severe harmful 

effect on eye, skin and the excessive presence of it causes Parkinson’s [6-8], Alzheimer’s [9-

10] and many other diseases. Although Zn2+ (d10) is redox innocent but its structural integrity, 

cooperation to other ions, structural flexibility, easy participation in substitution reaction etc. 

contributes key function towards large number of enzyme catalyses [11,12]. Therefore, the 

analytical detection of Zinc is an important task for sustainable health maintenance planning. 

There are several quantitative techniques such as gravimetric, volumetric, electroanalytical, 

spectroscopic etc. The simplest, easiest, selective and sensitive method of ion/molecule 

detection is the fluorometric method [13-17]. Several probes are reported for the detection of 

Zn2+ ion [18-24], and the working principle involves different mechanism [25-40] like CHEF, 

FRET, ICT, for enhancement of emission.  

Last several years, the research endeavour from our group is focused on the design of 

fluorogenic sensors to improve quality of emission and simplify the measurement protocol [41-

50].  In this work, we have designed a Schiff base prove, 4-Methyl-2, 6-bis-[(1H-[1,2,4] triazol-

3-ylimino)-methyl]-phenol (PTR), from 4-methyl-2, 6-diformylphenol and 3-amino-1, 2, 4-

triazole which detects selectively Zn2+ ion both in solution and solid phase by  colorimetric and 

fluorometric routes. The fluorometric measurement in solution phase is carried out in DMSO-

water (99:1, v/v; HEPES buffer, pH, 7.2) due to sparing solubility of the probe, PTR, in 

aqueous medium and the plausible mechanism is explained by switching off ESIPT of the probe 

and the chelation enhancement of fluorescence (CHEF) on selective binding with Zn2+ ion. The 



Chapter IV Diformyl-triazolo Schiff base: Zn2+ Sensing, Live Cell Imaging 

140  

limit of detection is 0.30 M towards Zn2+ ion and the emission does not perturb even in 

presence of many competitive ions. Intracellular Zn2+ ions in living cells of HEK293 cell line 

is also identified by the fluorescence imaging of PTR and it shows a significant effect on the 

cell lines. 

IV.2. Experimental Section 

IV.2.1. Chemicals and testing equipment 

All the required chemicals including 3-Amino-1, 2, 4-triazole and solvents were purchased 

from the local commercial source and 4-methyl-2, 6-diformylphenol (PCDF) was synthesized 

from p-cresol. HEK293 (human embryonic kidney) cell line (NCCS Pune, India) used in this 

work. Penicillin streptomycin neomycin (PSN) antibiotic, fetal bovine serum (FBS), trypsin, 

di-sodium ethylene diamine tetraacetic acid (Na2EDTA) and Dulbecco's Modified Eagle 

Medium (DMEM) were collected from Gibco BRL (Grand Island, NY, USA). Tissue culture 

plastic wares (NUNC, Roskidle, Denmark) and 3-(4, 5-dimethylthiazol- 2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) (SRL, India) were used in this research.  

Perkin Elmer Lambda 25 spectrophotometer was used to record the UV-Visible 

spectroscopy data. Fluorescence was measured by the Perkin Elmer LS55 fluorescence 

spectrophotometer with the slit 10/10 and excitation wavelength of 380 nm. Perkin Elmer RX-

1 spectrophotometer (4000–400 cm-1) was used to collect the IR data. NMR spectra was 

recorded from the Bruker 300 MHz NMR spectrometer with TMS as internal standard in 

DMSO–d6 and the mass spectrum data was collected from water ESI-MS model XEVO- 

G2QTOF#YCA351 spectrometer. Life time values were evaluated using the Horiba Jobin 

Yvon fluorescence spectrophotometer. Gaussian 09W was used to calculate the band gap 

electronic transition, transition state etc. 
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IV.2.2. Synthesis of PTR  

4-Methyl-2, 6-diformylphenol (PCDF) was synthesized by slight modification of the published 

procedure [51]. To ethanol solution (10 ml) of PCDF (1 mmol, 0.164 g) a solution of 3-amino-

1,2,4-triazole (0.168 g, 2 mmol) was added followed by the addition of two drops of acetic acid 

stirred the solution for 10 min and then the resulting solution was refluxed for 10 h. The solution 

was then cooled to room temperature and evaporated in air to dryness (Scheme IV.a). A 

yellowish orange coloured solid was collected and washed with hot hexane solution. After that 

the crude product was vacuum-dried to obtain the yellowish orange solid PTR (0.189 g, yield 

64%).  

 

Scheme IV.a. Synthetic route of Schiff base PTR using 4-methyl-2,6-diformyl phenol 

(PCDF) and 3-Amino-1,2,4-triazole. 

ESI-MS spectrum of PTR : Calcd for C13H12N8O [M+Na]+ 319.10 ; found 319.04 (Fig.IV.1); 

IR data, (cm-1) 3116 ν (O–H), 2923 ν(N–H), 2774 ν(C-H)  1621 ν(CN), 1156 ν(C–O) 

(Fig.IV.2); 1H NMR spectrum (d6-DMSO, 300MHz) (ppm) δ: 14.34 (s, 2H), 13.74 (s, 1H), 

9.52 (s, 2H), 8.59 (s, 2H), 7.95 (s, 2H), 2.37 (s, 3H) (Fig.IV.3). 13C NMR spectrum (d6-DMSO, 

75 MHz) δ (ppm):165, 161, 140, 137, 129, 123, 120, 20 (Fig.IV.4). 
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Fig.IV.1. Mass spectrum of the probe PTR. 

 

Fig.IV.2. IR spectra of PTR and PTR+Zn2+. 
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Fig.IV.3. 1H NMR (300 MHz) spectra of probe PTR in d6-DMSO. 

 

 

Fig.IV.4.  13C NMR (75 MHz) spectra of the probe PTR in d6-DMSO. 
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IV.2.3. Sensing Experiment 

The stock solution of PTR (10−3 M) was prepared in DMSO and the solution was diluted with 

DMSO-water in (99:1, v/v; HEPES buffer, pH, 7.2) to make solution of strength 25 μM and 

this solution was used in the entire fluorescence and UV-visible spectroscopic experiments. 

The metal salts such as: FeCl3·6H2O, Al(NO3)3·9H2O, CrCl3.6H2O, NiCl2·6H2O, 

Cd(OAc)2·2H2O, CaCl2·6H2O, Zn(OAc)2·2H2O, Hg(OAc)2, Cu(OAc)2·H2O, NaCl, 

Co(NO3)2·6H2O, PdCl2, Pb(NO3)2, MnCl2·4H2O, BaCl2·2H2O, KBr were used for experiment 

in MilliQ water. The stock solution (1 × 10−3 M) of different metal ions were prepared and was 

used in the entire fluorescence and UV-visible spectroscopic experiments. The excitation 

wavelength was 380 nm. For the spectral titration of PTR probe, the Zn2+ solution (3 L added 

Zn2+ in every step) was added and the emission wavelength and intensity were recorded. The 

interference effect of different metal ions towards the sensing of Zn2+ by PTR probe were 

assessed by the bar plot. The composition of the PTR-Zn2+ was assessed by Job’s plot. Limit 

of detection (LOD) was evaluated by the 3/M method (M is the slope and  is standard 

deviation). Effect of pH (2-12) on emission of PTR and PTR-Zn2+ was examined. Binding 

constant (Kd) was calculated using the Benesi–Hildebrand plot 1/I = 1/Imax + 

(1/Ka[C])(1/Imax). Herein, I = I–I0 and Imax = Imax–I0, where I0, I and Imax are the 

fluorescence intensities of probe PTR measured in the absence of Zn2+, at an intermediate Zn2+ 

concentration and at a concentration of complete saturation, respectively. Binding constant is 

Kd and concentration of Zn2+ denoted by [C]. Kd value calculated from the slope and intercept 

of {1 / (I–I0)} against 1/[C] plot. The mass spectra of mixture of PTR+Zn2+ was examined to 

assess the composition of the emissive complex. 

IV.2.4. MTT assay 

The cell viability was checked by MTT assay technique [52]. The HEK293 cells were placed 

in 96 well plates and treated with different concentrations (0, 10, 20, 30, 40, 50, 60, 70, 80, 90 
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and 100 μM) of PTR for 24 h. Four hours after the addition of MTT, formazan was solubilised 

with acidic isopropanol and the absorbance of the solution was measured at 595 nm using 

ELISA (enzyme-linked immunosorbent assay) reader. The DMSO treated data was also taken 

and subtracted from the PTR treated optical density value. 

IV.2.5. Confocal Microscopy 

Intracellular Zn2+ ions in HEK293 could not be detected unless the probe, PTR [53] was 

added. To Zn2+ solution (20 µM) in HEPES buffer (pH, 7.4) of HEK293 cell lines the 

incubation was allowed for 45 min and then washed with buffer of pH 7.4 and mounted on a 

grease free glass slide by adding paraformaldehyde (4% solution) as fixative agent. The 

confocal laser-scanning microscope (FV 10i, Olympus, Japan) was used for cell imaging before 

and after addition of PTR (10 µM) in the buffer medium. 

IV.2.6. Statistical analysis 

OriginPro version 8.0, a statistical software, was used for the data analysis. The statistical 

significance values were evaluated through one-way ANOVA analysis. The critical 

significance level was set at p < 0.05. The values were represented as mean values with their 

standard errors (mean ± SEM). 

IV.3. Results and discussion 

IV.3.1. Absorption and Emission Spectroscopic Measurements 

The probe, PTR responses prominently in the UV-Visible spectrophotometric measurement in 

DMSO-water (99:1, v/v; HEPES buffer, pH, 7.2) medium with two bands at 380 nm and 550 

nm. Upon addition of aqueous solution of different cations (Cu2+, Zn2+, Mn2+, Co2+, Ni2+, Pd2+, 

Cd2+, Pb2+, Hg2+, Fe3+, Cr3+, Al3+, Na+, K+, Ba2+, Ca2+) no significant absorption change either 

in naked eye or in spectral behaviour is noted other than Zn2+ ion. Appearance of a new board 

https://www.sciencedirect.com/topics/engineering/paraformaldehyde
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absorption peak at 435 nm (Fig.IV.5) upon addition of Zn2+ ion proves high specificity and 

selectivity to it.   

 

Fig.IV.5.  UV–vis absorption spectra of PTR (25 μM) with various cations in DMSO-water 

(99:1, v/v; HEPES buffer, pH, 7.2) medium. 

The UV-vis spectroscopic titration of the probe, PTR was carried out upon incremental (3 L 

of Zn2+ in every time) addition of Zn2+ ion in DMSO-water (99:1, v/v; HEPES buffer, pH, 7.2). 

The observation shows a decrease in absorbance intensity at 380 nm and increase the same at 

435 nm (Fig.IV.6) which indicates the interaction of PTR with the Zn2+ ion. 
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Fig.IV.6.  UV–vis titration of PTR (25 M) upon incremental (3 L of Zn2+ in every time) 

addition of Zn2+ ion in DMSO-water (99:1, v/v; HEPES buffer, pH, 7.2) medium.  

The specific reaction of Zn2+ with the PTR was also examined using the fluorescence spectra 

on exciting at 380 nm. The probe PTR exhibits main emission at 610 nm with a weak band at 

440 nm. In the presence of Zn2+ the emission intensity at 610 nm is shifted to the shorter 

wavelength, 530 nm, with the significant enhancement of emission intensity (Fig.IV.7) but in 

presence of other metal ions (like Na+, K+, Ca2+, Ba2+, Fe3+, Cr3+, Al3+, Mn2+, Co2+, Ni2+, Cu2+, 

Cd2+, Hg2+, Pd2+, Pb2+) no such change in emission intensity is noted.  
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Fig.IV.7.  Emission spectra of the probe PTR (25 μM) in presence of different metal ions upon 

excitation at 380 nm in DMSO-water (99:1, v/v; HEPES buffer, pH, 7.2) medium. 

The fluorescence titration of PTR with incremental addition (3 L Zn2+ in every time) of Zn2+ 

has been carried out. The emission intensity gradually increases with the blue shifting 

(Fig.IV.8) of emission wavelength.  
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Fig.IV.8.  Fluorescence titration of PTR (25 M) upon incremental (3 L of Zn2+ in every 

time) addition of Zn2+ ion and excitation is performed at 380 nm in DMSO-water 

(99:1, v/v; HEPES buffer, pH, 7.2) medium.  

The Limit of detection (LOD) value has been evaluated by using 3/M method (: standard 

deviation) = 4.101 and M (slope) = 3.533×107 in DMSO-water (99:1, v/v; HEPES buffer, pH, 

7.2)) and it is 0.30 M (Fig.IV.9) which is much lower than the WHO recommended threshold 

value (76 M) of Zn2+ ion in drinking water.  
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Fig.IV.9.  Limit of detection (LOD) plot of Zn2+ binding with PTR in DMSO-water (99:1, 

v/v; HEPES buffer, pH, 7.2)  

The effect of acidity (pH, 2-11) was examined on the emission intensity of PTR and PTR+Zn2+ 

complex (Fig.IV.10). At pH 7 the probe, PTR shows high emission intensity but upon lowering 

the pH (6 to 2) the emission intensity of the probe gradually decreases. In the alkaline range (8 

to 11) emission intensity also decreases after that the intensity slightly increase. The 

fluorescence sensing efficiency of the probe towards Zn2+ is found better at the pH range 6 to 

8 (Fig.IV.10).  
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Fig.IV.10. Change in emission intensity of PTR and Zn2+-PTR complex with different pH 

value. 

The probe, PTR shows a significant detecting ability compared to some recently published 

articles (Table IV.1).   

Table IV.1. Correlation table of different parameters of some recently published work.     

Probe Solvent LOD (M) Reference 

 

MeOH : H2O (1 : 1, v/v,     

10 mM HEPES buffer, pH 

= 7.2) 

1.6 × 10−7 [54] 

 

MeOH:H2O (3 : 2, v/v, 25 

mM HEPES buffer, pH = 

7.4) 

3.77 × 10−8 [55] 

 

CH3CN : H2O ( 1 : 1, v/v, 

0.02 M HEPES, pH = 7 ) 
No data [56] 
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Probe Solvent LOD (M) Reference 

 

MeOH : H2O (1 : 1, v/v, 50 

mM HEPES buffer, pH = 

7.4) 

∼ 5 × 10−8 [57] 

 

CH3CN : H2O (1/1, v/v, 10 

mM HEPES buffer, pH = 

7.4) 

No data [58] 

 

MSO : H2O (1 : 9, v/v, 10 

mM HEPES buffer, pH = 

7.4) 

1.05 × 10−8 [59] 

 

HEPES buffer (100 mM, 

5% DMSO, pH = 7.4). 
5.0 x 10-6 M [60] 

 

Tris-HCl aqueous buffer 

pH 

7.4 solution containing 

methanol (1% v/v) 

1.6 x 10-6 M [61] 

 

50 µL H2O, 1950 µL 

DMSO 
2.34 x 10-6 M [62] 

 

CH3OH/H2O (8: 2 v/v) 5.59 x 10-6 M [63] 
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Probe Solvent LOD (M) Reference 

 

EtOH/HEPES (4: 1 v/v) 2.23 x 10-6 M [64] 

 

bis-tris buffer– 

DMF (1 : 1, v/v, 

10mM, pH 7.0) 

Solution 

3.3 x 10-6 M [65] 

 

10 mM HEPES  aqueous 

buffer– CH3OH (3 : 2, v/v) 
10 x 10-6 M [66] 

 

bis-tris buffer solution 

(10mM, pH 7.0) 
4.48 x 10-6 M [67] 

 

HEPES buffer 

(20 mM, pH 7.4) 
3.2 x 10-6 M [68] 

 

DMSO-water (99:1,v/v; 

HEPES buffer, pH, 7.2) 

 
3 × 10−7 This work 

 

The stability of the probe PTR and PTR+Zn2+ complex in excited state were evaluated by 

using the life time plot at 380 nm and 435 nm excitation wavelength, respectively. The result 

shows that the life time of PTR (1.08 ns) is slightly longer than PTR+Zn2+ (0.97 ns) 

(Fig.IV.11).  
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Fig.IV.11. The life time plot for the probe PTR and PTR with the addition of Zn2+ in DMSO-

water (99:1,v/v; HEPES buffer, pH, 7.2). 

IV.3.2. Solid state study 

The probe, PTR is grinded with Zn(OAc)2 to prepare PTR-Zn2+ complex in solid state. After 

the grinding the colour of the probe changes from orange to green in naked eye as well as in 

UV chamber (Fig.IV.12). 

 

Fig.IV.12. The solid state colour change in UV chamber of the probe PTR after the grinding 

with Zn(OAc)2. 
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In the solid state, the probe, PTR shows an orange emission at 610 nm and it exhibits green 

emission at 520 nm in presence of Zn2+. This significant and distinguishable solid-state 

emission (Fig.IV.13) of the probe PTR and the PTR-Zn2+ complex makes the probe more 

effective towards the detection of Zn2+ ion in naked eye.  

 

Fig.IV.13. The solid state emission spectra of the probe PTR and PTR + Zn2+ complex. 

The addition of Zn2+ ion to the solution of probe, PTR changes the colour from orange to green 

(Fig.IV.8). The blue shifting of band (610 nm  530 nm) may be explained on considering 

the switching off the ESIPT process between keto and enol isomers of PTR (Scheme IV.b) 

and also enhancement due to CHEF process via chelation with Zn2+. Upon excitation of the 

probe, PTR at 380 nm the weak emission at 440 nm shows normal stokes shift (60 nm) and 

strong emission at 610 nm shows larger stokes shift (230 nm) which clearly supports the ESIPT 

mechanism [69,70]. On addition of Zn2+ to the solution of PTR the emission intensity is 

enhanced and has shifted to 530 nm which is assumed that the emission arises from enol group 

because enol may form complex on deprotonation of -OH group. Rigidity of the probe has been 
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increased due to the formation of PTR-Zn2+ complex which can be explained by the chelation-

enhancement of fluorescence (CHEF) mechanism.  

 

Scheme IV.b. ESIPT mechanism of quenching of the probe, PTR. 

The interference study in presence of different competitive metal ion has been examined 

(Fig.IV.14) in presence of Zn2+ ion. It can be shown that no such metal ion interferes to the 

Zn2+ ion sensing.  

 

Fig.IV.14. Competitive study of PTR towards Zn2+ ion sensing in presence of different metal 

ions in DMSO-water (99:1, v/v; HEPES buffer, pH, 7.2) 
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IV.3.3. Binding mechanism of PTR towards Zn2+ 

The stoichiometry of complexation between probe, PTR and Zn2+ has been examined by Job’s 

plot (Fig.IV.15) and the result shows the 1:1 molar stoichiometry between the probe PTR and 

Zn2+ ion.  

 

Fig.IV.15. Job’s plot of the probe PTR binding with Zn2+ in DMSO-water (99:1, v/v; HEPES 

buffer, pH, 7.2)  

The mass spectrum of PTR in presence Zn2+ ion also supports the composition. The calculated 

mass is [PTR+Zn2++Na] + = 413.04 and observed mass is 412.93 (Fig.IV.16); which supports 

the composition of the complex as [Zn (PTR)(OCH3)] (where PTR = discussed probe).  
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Fig.IV.16. Mass spectrum of [Zn(PTR)(OCH3)] complex. 

Binding constant value (4.2585 ×104 M-1) was calculated using the Benesi-Hildebrand plot 

(Fig.IV.17). 

 

Fig.IV.17. Benesi-Hildebrand plot of PTR in presence of Zn2+ in DMSO-water (99:1, v/v; 

HEPES buffer, pH, 7.2).  
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The Binding mechanism of Zn2+ with the probe PTR was supported by 1H NMR spectral 

titration. In the 1H NMR spectrum of the probe PTR; phenolic –OH (H2) and –NH (H1) peaks 

appear at 13.74 and 14.34 ppm, respectively. The peak for imine proton (CH=N) (H4) appears 

at 8.59 ppm. Triazole proton (H3) and aromatic proton (H5) peaks appear at 9.52 and 7.95 ppm, 

respectively. In the PTR+Zn2+ complex phenolic –OH signal (H2) was disappeared and NH 

peak (H1) has been shifted to 11.94 ppm (Fig.IV.18). The broadening of imine protons (H4) 

and shifting to more shielding zone (8.598.50 ppm) are observed for complex, PTR-Zn2+. 

All other peaks either remain unperturbed or shifted slightly to upfield region. A new peak 

arises at 1.92 ppm that is signature to the binding of –OCH3 with Zn2+. The above discussion 

has concluded that the phenolic –OH, imine protons and imine nitrogen are involved in the 

formation of the Zn2+-complex. 

 

Fig.IV.18. The 1H NMR (300 MHz, d6-DMSO) titration spectra of PTR in presence of                    

Zn2+ ion. 
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In the probe PTR, IR band appear at 3116 (O-H), 2923 (N-H), 2774 (C-H) and 1621 (CN) 

cm-1. In the Zn2+-PTR complex, O-H band (3116 cm-1) is eliminated whereas other peaks of N-

H and CN shifted to different region in the IR spectrum which indicates the binding of Zn2+ 

with PTR through phenolic - O and imine – N (Scheme IV.c). 

 

Scheme IV.c. The sensing mechanism of probe PTR in presence of Zn2+ ion. 

The sensing mechanism of the probe PTR towards the Zn2+ ion has also been assessed by the 

DFT calculation. The energy optimized forms of PTR is flat form with dihedral angle 179.91° 

(C2, C9, N16, C17)/ (C6, N10, C21, C22) and bond length 1.303 Å (C9, N16)/ (N10, C21). 

Theoretical calculation of Zn2+-PTR complex is carried out considering the 1:1 stoichiometry 

as approved the spectroscopic results. The distorted tetrahedral Zn2+-PTR complex is formed 

with the dihedral angels are 172.96° (C2, C9, N17, C18), 173.56° (C5, C10, N22, C23) and 

bond distances are 1.326 (C10, N22), 1.329 (C9, N17) Å. The TD-SCF calculation protocol 

helps to evaluate the transition energy and oscillator strengths of PTR (Table IV.2, Table 

IV.4) and PTR- Zn2+ complex (Table IV.3, Table IV.5). 
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Table IV.2. DFT table of PTR 

Excitation 

Energy 

(eV) 

Wavelength 

Exp.(nm) 

Wavelength 

Thro.(nm) 

Oscillation 

frequency (f) 

Key Transitions Nature of 

Transitions 

4.4521 288.30 278.48 0.6838 (38%) HOMO-2 

LUMO+1  

ILCT 

3.0937 379.71  400.76 0.2312 (48%) 

HOMOLUMO 

ILCT 

ILCT: Intra ligand charge transfer transition. 

 

Table IV.3. DFT table of PTR+Zn2+ 

Excitation 

Energy 

(eV) 

Wavelength 

Exp.(nm) 

Wavelength 

Thro.(nm) 

Oscillation 

frequency (f) 

Key Transitions Nature of 

Transitions 

4.1693 298.96 297.37 0.0061 (49%) HOMO-1 

LUMO+3 

ILCT 

4.1038 298.96 302.12 0.2554 (28%) HOMO-4 

LUMO 

ILCT 

2.6600 433.88 466.11 0.1456 (34%) HOMO-2 

LUMO  

ILCT 

ILCT: Intra ligand charge transfer transition. 
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Table IV.4: Selected MO’s of PTR with their corresponding energy value. 

 

 

 

 

 

 
HOMO-5 

-7.58 eV 

HOMO-4 

-7.47 eV 

HOMO-3 

-7.34 eV 

 

 

 

  
 

 

HOMO-2 

-6.42 eV 

HOMO-1 
-6.38 eV 

HOMO 

-5.82 eV 

 

 

 

 

 

 

LUMO 

-2.24 eV 

LUMO+1 
-1.54 eV 

LUMO+2 
-0.66 eV 

 

 

 
 

 

 

 

LUMO+3 

-0.22 eV 
 

LUMO+4 

0.36 eV 
 

LUMO+5 

0.73 eV 
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Table IV.5: Selected MO’s of PTR+Zn2+ with their corresponding energy value. 

 
  

HOMO-5 
-7.52 eV 

HOMO-4 
-6.88 eV 

HOMO-3 
-6.36 eV 

   

HOMO-2 
-5.54 eV 

HOMO-1 
-5.29 eV 

HOMO 
-5.01 eV 

 
 

 
 

LUMO 
-2.38 eV 

LUMO+1 
-1.97 eV 

LUMO+2 
-0.72 eV 

   
LUMO+3 
-0.52 eV 

LUMO+4 
0.03eV 

LUMO+5 
0.46 eV 
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The HOMOLUMO transition is determined from the MO contribution of PTR; the result 

shows that the electron density of HOMO is mainly localised on PCDF (4-methyl-2, 6-

diformylphenol) moiety (75%) and one triazole moiety (25%) whereas electron density of 

LUMO is localised in PCDF motif (67%) and triazole moiety (33%). In the complex (Zn2+-

PTR) electron density of HOMO is mainly localised in the Zn-OCH3 moiety (99%) and electron 

density of LUMO is localised in triazole (69%) and PCDF moiety (31%). Theoretical electronic 

transitions are comparable with the UV-vis experimental results of PTR and PTR-Zn2+ 

complex (Table IV.4, Table IV.5). Upon addition of Zn2+ to the probe PTR, the HOMO 

energy is increased and the LUMO energy is decreased (Fig.IV.19). The energy gap between 

HOMO-LUMO is decreased as a result the absorption bands of probe were shifted (288  298 

and 380  434 nm) to longer wavelength. The proton movement has been assessed by the 

Transition State (TS) (Fig.IV.20). In the transition state (TS) the shifting of proton from N to 

O atom takes place as a result of enol and keto forms. The TS containing one imaginary 

negative frequency = -1122.62, on the other hand enol form has positive frequency = 27.87, 

and keto form has positive frequency = 22.62.  
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Fig.IV.19.  The correlation between the HOMO–LUMO energy gap of PTR and PTR-Zn2+ 

complex. 

 

 

Fig.IV.20. The Transition State (TS) diagram of the probe PTR in its keto and enol form. 
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IV.3.4. Biological study 

The MTT assay of PTR probe was examined followed by the cytotoxicity study in HEK293 

cell line (PBS Phosphate Buffer Saline, pH-7.4). The experiment shows a clear transparent 

solution of 100 µM PTR and the solution has been prepared to check the cytotoxicity via MTT 

assay. For each group, DMSO control also taken. In this experiment maximum 4% v/v DMSO 

was used. The available reports [71,72] also confirmed that DMSO can be used up to 10% v/v 

for human peripheral blood mononuclear cells (PBMC) and HEK293 cell line without any 

toxicity. The MTT data (Fig.IV.21) suggested that no cellular toxicity was observed upto 20 

μM of PTR concentration. So, 10 μM concentration of PTR was selected for cellular imaging. 

After that the fluorescence imaging of intracellular Zn2+ ions in HEK293 cell line in PBS buffer 

of pH 7.2 was examined by adding the PTR probe (Fig.IV.22). The DMSO control was also 

taken to check the DMSO cytotoxicity. For the maximum concentration of PTR treatment (100 

μM), 9 μl DMSO was added in 100 μl of DMEM media. In case of 10 and 20 μM treatment 

few drops of DMSO was added. Furthermore, the DMSO control data were deducted from the 

PTR treatment panel in each case. It has been visualized that in presence of only PTR there is 

a yellowish orange emission in cellular cytoskeleton at 10 μM of PTR concentration, whereas 

in PTR untreated cells there was no emission. Upon addition of Zn(OAc)2 (20 µM) to HEK293, 

the fluorescence emission has changed to green colour in presence of PTR (20 μM). DAPI was 

used as nuclear stainer, which shows blue emission. This microscopic images of HEK293 have 

confirmed that PTR has great in vitro potential as a Zn2+ ion sensor. 
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Fig.IV.21. The cell viability test using MTT assay upon adding PTR 

 

Fig.IV.22. Confocal microscopy images of HEK293 cells in presence of only PTR and PTR+ 

Zn(OAc)2, where DAPI was used as nuclear stainer. Scale bar is 10 µm. 

IV.4. Conclusion 

A new probe, triazole Schiff base of diformyl phenol, PTR, is spectroscopically characterised 

and shows selective and specific recognition to Zn2+ even in presence of large number of other 

cations. The detection limit is much below the WHO recommended value of Zn2+ (LOD, 0.30 
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M; WHO limit, 76 M).  The probable binding between PTR and Zn2+ is examined by ESI-

MS analysis, Job’s experiment, 1H NMR titrations and DFT computational study and the 

sensing mechanism is established by the suppression of excited state intramolecular proton 

transfer (ESIPT) pathway followed by CHEF process. The probe shows excellent cell imaging 

of intracellular Zn2+ ion which can be confirmed by microscopic imaging of HEK293 cell line. 
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Chapter V 

Structure and Photoisomerisation of Halo-

bridged dimeric Mercury (II) complexes of 1- 

alkyl-2-(p-nitro-phenylazo) imidazoles  
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CHAPTER V 

Abstract 

Mercury (II) complexes, [Hg(p-NO2aaiR) (-X) (X)]2 (2-4) of p-NO2-aaiR [1-Alkayl-2-(p-

nitro-phenylazo) imidazole, (1), where R = -CH3 (1a), -C2H5 (1b) and X = Cl (2), Br (3), I (4)] 

have been studied by spectral data.  X-ray crystallography study in case of [Hg(p-NO2aai-

CH3)(μ-I)(I)]2 (4a) has revealed the distorted dinuclear halobridge tetra-atomic puckered 

rhombohedral Hg(II) structure. The ligand, p-NO2aaiR shows trans (E) - cis (Z) isomerisation 

both in free and coordination state in the complex on shocking UV light in the solution phase. 

The Z-to-E transformation is carried out by thermal treatment while photoisomerization is 

carried out very slowly on visible light absorption and EZ (quantum yields for E-to-Z 

isomerisation) is higher for free ligand compare to the complex phase. The isomerisation rate 

shows the sequence, [Hg (p-NO2 aaiR) (-I) (I)]2 (4) < [Hg (p-NO2 aaiR)(-Br)(Br)]2 (3) < 

[Hg(p-NO2aaiR)(-Cl)(Cl)]2 (2) which is also the sequence of molecular mass of the 

complexes. The energy gap calculation of optimized structures by DFT (Density Functional 

Theory) also supports this conjecture.   
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V.1. Introduction 

The structural change of some aromatic-azo compounds [1,2] by absorbing light has massive 

applications in the field of molecular machines [3], data storage,[4] bio-conjugates,[5] 

polymers towards optical stimuli-response,[6] nanomaterials [7,8] etc. Photochromism of 1-

alkyl-2-(arylazo) imidazole [9,10] and some of their complexes are published [11-14]. For 

detail investigation on the influence of substituent on the photoisomerisation, a nitro (-NO2) 

functionalised azoimidazole, 1-alkyl-2-(p-nitro-phenylazo) imidazole, p-NO2-aaiR (1) (R = -

CH3 (1a), -C2H5 (1b)) and its Hg (II) complexes are synthesized. The spectroscopic techniques 

are used for the characterisation of ligands and compounds. The single crystal X-ray structure 

determination is helpful for the establishment of structure of the complex [Hg(p-NO2aai-

CH3)(-I)(I)]2 only. The details structural parameters and role of secondary interactions in the 

molecular assembly are also investigated. This study reveals that the isomerisation process 

strongly depends on molecular construction. However, the isomerisation rates and quantum 

yields are compared between free ligand and coordination phase in the complex in presence of 

different halides. Theoretical study has been attempted to describe the light induced structural 

change. Therefore photo-responsive structural orientation of these types of free ‘N=N’ linkage 

can be paved the way towards the technology of molecular machine and optical 

mechanochemistry.  

V.2. Experimental 

V.2.1. Materials 

1-Alkyl-2-(p-nitro-phenylazo) imidazoles (p-NO2aaiR, 1) were prepared as per the following 

literature procedure [15]. Mercury halides were acquired from Loba Chemicals, Bombay, 

India. Other chemicals were purchased from Aldrich.  
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V.2.2. Physical measurements 

The Elemental (C, H, N) analysis carried out by Perkin-Elmer 2400 CHNS/O elemental 

analyzer. The UV-Vis spectra were recorded from Perkin Elmer Lambda 25 

spectrophotometer.  By using KBr pellets Perkin Elmer RX-1 FTIR collected IR spectra. The 

Perkin Elmer LS-55 spectrofluorimeter was used for photo excitation. The NMR spectra were 

taken from Bruker (AC) 300 MHz FTNMR spectrometer. 

V.2.3. Synthesis of 1-Methyl-2-(p-nitrophenylazo) imidazole 

To a dry THF solution (10 mL) of 2-(p-nitrophenylazo) imidazole (0.5 g, 2.7 mM) was added 

NaH (50% paraffin) (0.15 g) in small portions, and the resulting mixture was stirred in cold 

conditions with an ice bath for 30 min. Then the Methyl iodide (0.4 g, 2.8 mM) was added 

slowly for a period of 1 h and then allowed to warm for another 1 h. The solution so formed 

was evaporated to dryness, extracted with chloroform, and washed with NaOH solution and 

finally by distilled water. On slow evaporation in air, an orange crystalline product was 

obtained. 

V.2.4. Synthesis of [Hg(p-NO2aai-CH3) (-I) (I)]2 (4a)  

Methanol (10 ml) was used to prepare solution of 1-methyl-2-(p-NO2-phenylazo) imidazole 

(46.20 mg, 0.20 mmol) was added to ethyleneglycol monomethyl ether (EGME) solution (5 

ml) of HgI2 (90.88 mg, 0.20 mmol) and stirred (8 h) and filtered (Scheme V.1).  The filtrate 

was allowed to evaporate slowly for a couple of weeks and needle shape; dark red colour 

crystals appeared (Yield, 63%). The structure of the complex so formed was established by the 

single crystal X-ray crystallography.  
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p-NO2aai-CH3(1a), p-NO2aai-C2H5 (1b), [Hg(p-NO2aai-CH3)(μ-Cl)(Cl)]2 (2a), [Hg(p-NO2aai-

C2H5)(μ-Cl)(Cl)]2 (2b) [Hg(p-NO2aai-CH3)(μ-Br)(Br)]2 (3a), [Hg(p-NO2aai-C2H5)(μ-Br)(Br)]2 

(3b) [Hg(p-NO2aai-CH3)(μ-I)(I)]2 (4a), [Hg(p-NO2aai-C2H5)(μ-I)(I)]2 (4b) 

Scheme V.a. Synthetic route of Hg (II)- halide complexes 

V.2.5. General X-ray Crystallography 

Red colour needle shaped crystal of size (0.112×0.101×0.090 mm3) was diffracted and data 

were collected using Bruker SMART APEX III Diffractometer using graphite-monochromated 

Mo-Kα radiation (λ, 0.71073 Å). Data collection details were recorded in Table V.1. The least-

squares refinement of all reflections within hkl range -14  h  14, -9  k 9, -19  l  19 were 

used for the calculation of unit cell parameters and crystal-orientation matrices. Lorentz and 

polarization effects [16] were used for intensity data on applying the condition I >2σ (I). Full 

matrix least-squares refinements on F2 were performed via SAINT program using SHELXL-

97 [17] with anisotropic displacement parameters for all non-hydrogen atoms.  

V.2.6. Spectrophotometric measurements 

PerkinElmer Lambda 25 UV/VIS Spectrophotometer used to collect absorption spectra at 298 

K using Peltier thermostat. The source light was Xenon lamp in the Perkin Elmer LS 55 
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spectrofluorimeter. The extrapolation of the absorption spectra of a cis- rich mixture calculated 

the absorption spectra of the cis (Z) isomers and the composition was assumed from 1H NMR 

integration. The equation, ν = (Φ I0 /V) (1- 10-Abs) (I0, the photon flux; V, the volume of the 

solution; Abs, the initial absorbance at the irradiation wavelength) was used to calculate 

quantum yields (Φ) by measuring initial trans-to-cis(E-to-Z) isomerization rates (ν). 

Azobenzene (Φ = 0.11 for π-π* excitation) was used for the calculation of I0 [18]. 

The isomerisation rates (cis-to-trans, Z-to-E) at constant temperatures (298-313 K) were 

obtained by measuring the absorption changes intermittently from a cis-rich isomer. The 

Arrhenius equation, ln k = ln A –Ea/RT, (k, the measured rate constant; R, the gas constant, 

and T, temperature) was usedfor the calculation of activation energy (Ea) and the frequency 

factor (A). Using G* = Ea –RT-TS* and S* = [ln A -1- ln(kBT/h)/R (kB, Boltzmann’s 

constant; h, Plank’s constant) the activation free energy (G*) and activation entropy (S*) 

were calculated. 

V.2.7. Computational methods 

To get theoretical insight, DFT was used in GAUSSIAN 09 (G09) program package [19] and 

was implemented for the compounds [Hg(p-NO2aaiCH3) (-X) (X)]2 (X = Cl (2a), Br (3a), I 

(4a)). The basis function B3LYP [20] (for C, H, N, O, Cl) and LanL2DZ [21-23] (for Hg, Br 

and I) were used. The vibrational frequency calculation had been achieved with the designed 

complexes; and the optimized molecular geometries at the local minima were ensured that and 

the only positive Eigen values were taken for grand. The coordinates from single crystal X-ray 

structure was used in the calculation. The experimental spectra are analysed using time 

dependent DFT (TD-DFT) calculations. Virtual transitions in DMF medium following the 

conductor-like polarizable continuum model were assigned to the lowest 25 singlet – singlet 
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transition and TD-DFT calculation results were comparable. GaussSum [24] was used for 

fractional contribution measurements.   

V.3. Results and discussion 

The ligands, p-NO2aaiR (1), [R = -CH3 (1a), -C2H5 (1b); {p-NO2-aaiR=1-Alkyl-2-(p-nitro-

phenylazo) imidazole}], were prepared by literature process [15]. The complexes [Hg(p-

NO2aaiR) (μ-X)X]2[ X= Cl, Br and I] (2-4) were synthesized by the reaction of p-NO2aaiR (in 

MeOH) and HgX2 (in EGME) (Scheme V.a). The structural analysis revealed that the single 

crystal of iodo-bridged mercury complex orients such a way that can participate in discussed 

photophysical property. In the following analysis the dependency of molecular construction in 

photochromism is highly corelated.  

V.3.1. The X-Ray crystal structure of [Hg(p-NO2aai-CH3)(μ-I)(I)]2 (4a) 

The structure of [Hg(p-NO2aai-CH3) (μ-I)(I)]2 (4a),  crystal system, monoclinic; space group , 

P21/c; Z, 4) is shown in Table V.1 and also the bond lengths and bond angles are given in 

Table V.2. The unit structure consists of dinuclear iodo-bridged Hg2I2 fragment (Fig.V.1).  

Fig.V.1. Asymmetric unit of compound [Hg(p-NO2aai-CH3)(μ-I)(I)]2 (4a) 
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Table V.1. Summarized crystallographic data for [Hg(p-NO2aaiMe)(-I)(I)]2 (4a) 

Compound [Hg(p-NO2aaiMe)(-I)(I)]2 (4a) 

Empirical Formula 'C20H18I4N10O4Hg2' 

Formula weight 1371.22 

Temperature (K) 273(2) K 

Crystal system Monoclinic 

Space group 'P 21/c' 

Crystal size (mm)
3
 0.42 X0.27 X0.19 

a(Å) 7.8271(4) 

b(Å) 18.8750(9) 

c(Å) 22.0966(10) 

/
0
 90 

/
0
 94.032(2) 

/
0
 90 

V(Å)
3
 3256.4(3) 

Z 4 

 (MoK) (mm
-1

) 13.252 

 range 2.140-27.512 

hkl range -10<h<10;  -24<k<24 ; -28<l<28 

Dcalc (mg m
-3

) 2.797 

Refine parameters 363 

Total reflections 47075 

Unique reflections 7466 

R1
a
 [ I > 2 (I) ] 0.0502 

wR2
b
 0.1376 

Goodness of fit 1.108 

aR=Fo-Fc/Fo.bwR2=[w(Fo
2-Fc

2)2/w(Fo
2)2]1/2, w = 1/[2(F0)2+ (0.0778P)2+ 9.4074P] ; 

where P = ((F0
2 + 2Fc

2) / 3 .  
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Table V.2. Selected bond distances (Å) and angles (º) for [Hg (p-NO2aai-CH3)(μ-I)(I)]2 (4a) 

Bond distances (Å) Bond angles (º) 

Hg(1)-I(1) 2.6736(10) I(1)-Hg(1)-I(4) 95.67(3) 

Hg(1)-I(2) 2.6639(11) I(1)-Hg(2)-I(4) 92.20 

Hg(1)-I(4) 3.2844(10) N(1)-Hg(1)-N(4) 62.89 

Hg(1)–N(1) 2.333(8) N(6)-Hg(1)-N(9) 61.72 

Hg(1)-N(4) 2.811 N(4)-Hg(1)-I(4) 151.71 

Hg(2)-I(1) 3.449 I(1)-Hg(1)-I(2) 129.65 

Hg(2)-I(3) 2.6194(9) Hg(1)-I(4)-Hg(2) 85.37 

Hg(2)-I(4) 2.6597(10) Hg(1)-I(1)-Hg(2) 81.92 

Hg(2)–N(6) 2.419(8) I(3)–Hg(2)–I(4) 148.80 

Hg(2)-N(9) 2.319   

N(4)–N(3) 1.260(11)   

N(8)–N(9) 1.232(11)   

    * Symmetry: -x, -y, -z; ** Symmetry: 1-x, 2-y, 1-z 

The ligand p-NO2aaiCH3 is a N,N/-chelating ligand (N and N/ refer to N(imidazolyl) and N(azo) 

donor centres) and a non-bridging I is appended from the axial position. The tetra-atomic 

puckered rhombohedral geometry of Hg2I2 bridge is exhibited by metric parameters: Hg(1)–I 

(1), 2.6736(10) Å; Hg (1)–I (4), 3.2844(10) Å (*symmetry: -x, -y, -z). The bond angles, I(1)-

Hg(1)-I(2), 129.65, I(1)-Hg-I(4), 92.20 (*symmetry, –x, -y, -z) support the distorted geometry 

[13]. The geometrical distortion around central metal ion is caused for the generation of small 

chelate angle (62.89°). The (Hg(1)-N(1), 2.333(8)Å) is shorter than (Hg(1)–N(4), 2.811Å, that 

implements the stronger interaction between Hg(II) to N(imidazolyl). The van der Waals radii 

of Hg(II) (1.55 Å) and N(sp2) (1.53 Å) suggest some sort of Hg----N(azo) interaction. The long 

Hg(1/2)–N(azo) distance promotes the molecules for activation by light followed by cleavage 

of the bond and rotation about –N=N- to govern photoisomerisation. The N=N distance 

(1.260(11) Å) is comparable with reported result (1.262(6) Å) [13,14]. Neighbouring molecules 

show π--π interactions with p-NO2 phenyl and imidazolyl groups forming supramolecular 
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aggregation; the weak C-H--π secondary interactions between CH2-H (imidazolyl) and 

aromatic rings p-NO2 phenyl also play the pivotal to design the self-assembled molecular 

structure (Fig.V.2). This supramolecular aggregation may be inspired the exhibited molecular 

properties.  

 

Fig.V.2. (a) Supramolecular interactions in Hg-compound; (b) Space fill view of 

supramolecular aggregated Hg-compound via different secondary interactions. 

V.3.2.  Spectrophotometric measurement of Photochromism 

 

Scheme V.b.  Isomerisation of 1-alkyl-2-(p-nitro-phenylazo) imidazole, p-NO2aaiR, (1) 

Light absorption in UV wavelength (λmax,364 nm) causes trans-(E-isomer) to cis-(Z-isomer) 

isomerisation (Scheme V.b). For free ligand methanol solution of ligand is used while the 



Chapter V Halo-bridged dimeric Mercury (II) complexes: Photoisomerisation 

183  

complex is sparingly soluble in MeOH so DMF solution is used. The absorption at UV region 

is decreased ((Fig.V.3 and Fig.V.4)) with following increase at the longer wavelength portion 

of the spectrum till a stationary state is reached. The E-to-Z transformation continues and 

becomes inaccessible at the Z molar ratio of ~ 65%. The continual spectral change is associated 

with isosbestic point (~340 nm). 

 

Fig.V.3.  Evolution of absorption of p-NO2aaiMe (1a) in MeOH upon irradiation at 364 nm at 

3 min interval at 25C. 

 

Fig.V.4.  Evolution of absorption of [Hg(p-NO2aai-CH3)(-I)(I)]2 (4a) in DMF upon 

irradiation at 368 nm at 5 min interval at 25C. 
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Repetitive irradiation followed by spectral measurements of both the ligands and the complexes 

give an idea about little signal of dilapidation at least upto 15 cycles. The E-to-Z (ΦE→Z) 

photoisomerisation for all the compounds has been quantitatively compared with their 

calculated rates and quantum yields (Table V.3). Data may be correlated with molar mass of 

the photochrome which suggest that increase in mass of the molecule decreases the rate and 

quantum yield.  

Table V.3.  Results of photochromism, rate of conversion and quantum yields upon UV light 

irradiation 

        

Besides, the coordinated halide (Cl, Br, I) may have photo bleaching activity [25] and may 

grasp sizeable amount of energy from π-π* excited state; I (iodo) has highest efficiency in this 

regard (having imbibing metallic character of I). 

The spectral measurements of cis (Z) to trans (E) isomerisation of the compounds (Fig.V.5, 

Fig.V.6) at 298-313 K show linear relation with 1/T vs –ln(K/T) (Eyring plots) and the ΔS 

and ΔH are calculated (Table V.4, Fig.V.7) from the data. The Ea values of the complexes are 

Compds ,* (nm) Isobestic point  (nm) Rate of EZ 

conversion x 108 (s-1) 

EZ 

conversion 

 (1a) 364 343, 493 5.010 0.221  0.002 

(1b) 365 343, 491 4.861 0.209  0.006 

 (2a) 364 341,489 2.127 0.153 0.002 

(2b) 366 339,490 2.057 0.148 0.003 

(3a) 367 342,491 2.336 0.168 0.002 

(3b) 366 341,492 2.238  0.161 0.001 

 (4a) 368 340,496 2.630 0.186 0.002 

 (4b) 367 342,493 2.511 0.181 0.003 
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much lower than that of respective free ligand; this accounts the faster Z-to-E thermal 

isomerisation of the complex. The S* of the complexes are much lower than free ligands.  

 

Fig.V.5.  The thermal spectral changes of (p-NO2aai-CH3) (1a) in MeOH solution at 30°C. 

Inset figure shows spectra of E (Trans) and Z (Cis) isomer. 

 

Fig.V.6.  The thermal spectral changes of [Hg(p-NO2aai-CH3)(μ-I)(I)]2 (4a) in DMF solution 

at 30°C. Inset figure shows spectra of E (Trans) and Z (Cis) isomer. 
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Table V.4. Rate and activation parameters for Z (c)  E (t) thermal isomerisation 

Compd 

 

Temp (K) Rate of thermal 

ct conversion x 

104(s–1) 

Ea, 

kJ mol-1 

H* 

kJ mol-1 

S* 

J mol-1K-1 

G* c 

kJ mol-1 

 (1a) 298 

303 

308 

313 

0.795 

1.194 

2.654 

3.756 

84.65 82.11 -48.14 96.82 

 (1b) 298 

303 

308 

313 

 

 

0.778 

1.321 

2.453 

3.642 

 

 

81.47 78.93 -58.61 96.84 

 (2a) 298 

303 

308 

313 

 

1.841 

2.314 

2.745 

3.741 

35.59 33.06 -205.60 96.40 

 (2b) 298 

303 

308 

313 

 

 

1.851 

2.455 

2.751 

3.748 

 

34.57 32.61 -206.98 95.84 

 (3a) 298 

303 

308 

313 

 

 

 

1.875 

2.641 

3.241 

4.213 

38.43 35.90 -195.28 95.56 

 (3b) 298 

303 

308 

313 

 

2.113 

2.689 

3.354 

4.365 

37.17 34.63 -199.11 95.46 

 (4a) 298 

303 

308 

313 

2.456 

3.254 

4.521 

5.461 

42.32 39.78 -180.44   94.90 

 (4b) 298 

303 

308 

313 

 

2.574 

3.324 

4.531 

5.542 

40.51 37.97 -186.20 94.85  
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Fig.V.7.  The Eyring plots of Z-to-E isomerisation: (a) p-NO2aaiMe (1a) and (b) [Hg(p-

NO2aaiMe) (-I) (I)]2 (4a) at 298-313 K. 

V.3.3. Electronic structure and spectra 

Using optimized molecular structures of [Hg(p-NO2aaiMe) (-X)(X)]2 {X = Cl (2a), Br (3a), 

I (4a)} theoretical calculations are performed. From Gauss Sum calculation the energy values 

of molecular orbitals and fractional contributions of structural components are obtained. In 2a 

the HOMO and HOMO-1 are degenerated (EHOMO, -7.05 eV and EHOMO-1, -7.10 eV) in which 

contribution of Cl is 97 % (Table V.5). The LUMO and LUMO+1 are closer in energy and 

have been constituted from the ligand side (ELUMO, -4.42 eV and ELUMO+1, -3.26 (eV). The 

HOMO-2 and lower MOs change both from energy and composition. Other unoccupied MOs 

appear at higher energy. In HOMO and HOMO-1 of 3a Br covers 98 %. In 4a the observation 

is comparable to 2a and 3a i.e., the HOMO, HOMO-1 etc. have chief input (98%) from I. 

Therefore, theoretical measurements conclude about the major contributions of halogen atoms 

in major molecular orbitals. 
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Table V.5. Composition of MOs and their energies  

Compound [Hg(p-NO2 aaiCH3)(μ-Cl)(Cl)]2 (2a) 

MO Energy Cl AZO Hg 

LUMO+5 -0.72 0 97 3 

LUMO+4 -0.99 0 100 0 

LUMO+3 -1.63 1 96 3 

LUMO+2 -1.92 26 9 65 

LUMO+1 -3.26 0 100 0 

LUMO -4.42 0 99 0 

HOMO -7.05 97 1 2 

HOMO-1 -7.1 97 1 2 

HOMO-2 -7.19 92 4 4 

HOMO-3 -7.33 92 5 4 

HOMO-4 -7.72 4 96 0 

HOMO-5 -7.8 85 7 9 

Compound [Hg(p-NO2 aaiCH3)(μ-Br)(Br)]2 (3a) 

MO Energy Br AZO Hg 

LUMO+5 -0.72 0 98 2 

LUMO+4 -0.99 0 100 0 

LUMO+3 -1.66 1 97 2 

LUMO+2 -2.03 30 7 62 

LUMO+1 -3.27 0 100 0 

LUMO -4.43 1 99 0 

HOMO -6.72 98 0 2 

HOMO-1 -6.75 98 0 2 

HOMO-2 -6.83             94 2 4 

HOMO-3 -6.95 94 2 4 

HOMO-4 -7.49 88 2 10 

HOMO-5 -7.72 1 99 0 

Compound [Hg(p-NO2 aaiCH3)(μ-I)(I)]2 (4a) 

MO Energy I AZO Hg 

LUMO+5 -0.7 0 98 2 
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LUMO+4 -0.98 0 100 0 

LUMO+3 -1.67 0 80 1 

LUMO+2 -2.08 35 98 60 

LUMO+1 -3.26 0 100 0 

LUMO -4.42 1 100 0 

HOMO -6.38 98  1 1 

HOMO-1 -6.42 98 0 1 

HOMO-2 -6.47 95 0 4 

HOMO-3 -6.57 95 2 4 

HOMO-4 -7.17 88 1 11 

HOMO-5 -7.69 2 1 1 

UV light shocking is compulsory for photochromic process which implements that trans-

isomer (E) is more stable than cis-isomer (Z). The UV radiation absorption involves * 

transition. Involvement of MLCT or XLCTs in the transition may associate with energy loss 

by energy transfer to the coordinated azoimidazole (via Hg-N(azo) bond cleavage) and hence 

is not sufficient to perform isomerisation. 

Energy correlation diagram (Fig.V.8) shows the order of MOs of the complexes. The energies 

of the MOs show very close in 2a and 3a while 4a differs significantly. The difference in 

energy (E = ELUMO - EHOMO) maintains the ordering [Hg(p-NO2aaiMe)(-I)(I)]2 (4a) (1.96 

eV) < [Hg(p-NO2aaiMe)(-Br)(Br)]2 (3a) (2.29 eV) < [Hg(p-NO2aaiMe)(-Cl)(Cl)]2 (2a) 

(2.63 eV). It is observed a liner relation between E versus rates of isomerisation and quantum 

yields (Fig.V.9). This is an indication of the straight forward relation between photophysical 

process and activation energy. 
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Fig.V.8.  Correlation between HOMO (H) & LUMO (L) in terms of their energy of 2a, 3a and 

4a. Results obtained from DFT calculation of optimized geometries. 

 

Fig.V.9.  Correlation between (a)  E (= ELUMO - EHOMO) vs rates of photoisomerisation and 

(b) E (= ELUMO - EHOMO) vs quantum yield 

V.4. Conclusion 

Hg(II)-halide complexes of 1-alkyl-2-(p-nitro-phenylazo)imidazoles, have been 

spectroscopically characterized and the structures has been confirmed in one case by single 
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crystal X-ray diffraction. UV light assisted photochromic behaviour of ligands and the 

complexes are checked. The rate and quantum yield of E-to-Z isomerisation of the complexes 

are less than that of free ligand data may be due to the higher rotor mass and volume that may 

be the regulating factors. DFT and TD-DFT calculations also support the experimental data of 

the rate and quantum yields. 
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Chapter VI 

Use of chromone based probe as colorimetric 

sensor for the detection of Cu2+ ion: design of 

test paper kit 
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CHAPTER VI 

Abstract 

A chromone-based molecule, 3-(5-chloro-2,3-dihydrobenzo[d]thiazol-2-yl)-4H-chromen-4-

one (MCF) has been spectroscopically characterised (FT-IR, UV-Vis, ESI-MS, NMR) and has 

been used for the chromogenic selective recognition of Cu2+ ion in EtOH-H2O (99:1, v/v) 

medium. The sensor shows excellent selectivity towards Cu2+ ion at very low limit of detection, 

0.6 μM in presence of competitive ions which is much lower than the permissible limit (20 μM) 

in drinking water recommended by the World Health Organization (WHO). From the Job's plot 

it has been concluded that the probe MCF binds Cu2+ with 1:1 molar ratio. The binding constant 

(4.9346 × 104 M-1) of MCF towards Cu (II) ion was determined by using the Benesi-Hildebrand 

equation. The naked eye change from colourless to yellowish brown of MCF solution upon 

addition of Cu2+ ion in presence of different competitive metal ions is very convincing and helps 

to design paper kits 
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VI.1. Introduction  

Recognition of cations, anions and small molecular species are very essential towards the 

achievement of Sustainable Development Goals (Chapter I). The sensing is very useful for 

the different application in analytical chemistry as well as biological field. Being third most 

abundant and essential trace element, Copper can play a diverse role for the activity of 

biological system. The presence of excess quantity of copper can cause many diseases such as 

Wilson’s disease [1,2], Parkinson’s disease [3], Alzheimer’s disease [4], Menkes syndrome 

[5,6] and the irregular intake of copper ions effects different human organs including kidney 

damage, gastrointestinal problems, diabetes, liver problems even extreme consumption of 

copper ion leads to life at risk [7]. 

The expansion of human civilisation demands a high production of different industrial 

chemical component, agricultural pesticide which can cause copper ion contamination. This 

copper ion accumulation leads to serious abnormalities of environment as well as human health 

[8-20]. Recently various types of chemical sensors have been synthesised for the detection of 

Cu2+ ion [21-24]. On this background, design of new sensor is focused to cultivate an easier 

technique by using low cost and less hazardous materials, which can show best selectivity and 

sensitivity towards analyte and may be handled even by a non-professional. Colorimetric 

method is superior over the other conventional method [25-29] because naked eye detection of 

an analyte is very easy and accessible within the laboratory settings. In recent times, various 

types of organic receptors have been synthesised and such receptors have been used to detect 

various species preferably cations [30-40] by colorimetric method. Chromone based 

chemosensors [41–44] recognise different ions at different structural backdrop and different 

conditions. Chromone based species have a great antioxidant nature therefore they play an 
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important role in pharmaceutical field. It has an immense utility in the field of antimicrobial, 

antifungal and anticancer studies [45–48].  

In the present work, we have synthesized a novel chromone-based molecule, 3-(5-chloro-2,3-

dihydrobenzo[d]thiazol-2-yl)-4H-chromen-4-one (MCF) and characterized by different 

spectroscopic techniques. This molecule shows selective, specific and sensitive colorimetric 

response towards Cu2+ ion in EtOH-H2O (99:1, v/v) medium. 

VI.2. Experimental Section 

VI.2.1. Materials 

3-Formylchromone, 2-amino-4-chlorobenzenethiol, all other reagents and solvents were of 

reagent grade and were purchased from Sigma-Aldrich, Spectrochem, SRL Chemical and 

Merck; were used in the experiment without further purification. All other chloride, nitrate, 

acetate and sulphate salt of different metals such as: NaCl, CrCl3.6H2O, FeCl3·6H2O, 

Al(NO3)3·9H2O, NiCl2·6H2O, Cd(OAc)2·2H2O, [(NH4)2Fe(SO4)2(H2O)6] (Mohr's Salt), 

Zn(OAc)2·2H2O, Cu(NO3)2·3H2O, Co(NO3)2·6H2O, Pb(NO3)2, MnCl2·4H2O, BaCl2·2H2O, 

MgCl2·6H2O and KBr were used for experimental analysis.  

VI.2.2. General Methods 

Tetramethylsilane (TMS) served as the internal standard in 1H-NMR spectra recorded on a 300 

MHz (Bruker-DPX) in DMSO-d6 solvents. 13C-NMR spectra were recorded on a 75 MHz 

(Bruker-DPX) instrument in DMSO-d6 using same internal standard. HRMS (m/z) 

measurements were taken with an ESI method and a Q-Tof Micro mass spectrometer, 

respectively. A PerkinElmer FT-IR spectrum RX1 spectrometer was utilized to capture an 

infrared spectrum in KBr (4500-500 cm-1). The elemental analyzer PerkinElmer 240C was used 

for the CHN analysis. Perkin Elmer Spectrofluorimeter model LS55 and Perkin Elmer 
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Spectrophotometer Lambda 25 were used, respectively, to record the measurements of the 

fluorescence and UV-vis spectrums.  

VI.2.3. Synthesis of the probe MCF 

To methanol (10 mL) nn a round bottom flask 3-formylchromone (174.2 mg, 1.0 mmol) was 

added followed by the dropwise addition of 2-amino-4-chlorobenzenethiol (159.6 mg, 1.0 

mmol) in the same solvent and the mixture was stirred for 4 h (Scheme VI.a). White precipitate 

appeared during the course of the reaction and the solution was filtered off to obtain the desired 

product, 3-(5-chloro-2,3-dihydrobenzo[d]thiazol-2-yl)-4H-chromen-4-one (MCF). The 

product was dried and used for structural analysis without further purification; yield, 0.23 g 

(73%).    

 

Scheme VI.a:  Synthesis of 3-(5-chloro-2,3-dihydrobenzo[d]thiazol-2-yl)-4H-chromen-4-

one (MCF) 

Monoanalytical data the probe MCF: Elemental analysis (%) calculated for C16H10ClNO2S: 

C, 60.86; H, 3.19; N, 4.44; found: C, 60.81; H, 3.17; N 4.46. 

 1H NMR (300 MHz, DMSO-d6): δ 8.29 (s, 1H), 8.10 (d, J  = 7.9 Hz, 1H), 7.84 (t, J = 8.3 Hz, 

1H), 7.68 (d, J  = 8.4 Hz, 1H), 7.53 (t, J = 7.4 Hz, 1H), 7.06 (d, J  = 2.3 Hz, 1H), 7.00 (d, J = 

8.04 Hz, 1H), 6.67 (d, J = 1.5 Hz, 1H), 6.61 (d, J1 = 8.04 Hz, J2 = 1.6 Hz, 1H), 6.39 (d, J = 

2.6 Hz, 1H) (Fig.VI.1); 13C NMR (75 MHz, DMSO-d6): δ 176.12, 156.29, 153.84, 149.03, 

134.99, 130.00, 126.12, 125.61, 125.23, 125.05, 123.30, 122.54, 118.95, 118.56, 109.43, 
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62.12 (Fig.VI.2). HRMS (ESI, m/z) calcd. for C16H11ClNO2S [M+H] +: 316.0199; found: 

315.9250 (Fig.VI.3); IR data: υmax 3308, 1634, 1463, 1406, 1342 cm-1 (Fig.VI.4). 

 

Fig.VI.1. 1H NMR spectrum of MCF in DMSO-d6. 

 

Fig.VI.2. 13C NMR (75 MHz) spectra of the probe MCF in d6-DMSO. 
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Fig.VI.3. Mass spectrum of the probe MCF. 

 

Fig.VI.4. IR spectra of the probe MCF. 
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VI.2.4. Preparation of experimental solution and test paper stripe  

A solution of MCF (1 × 10−3 M) was prepared in ethanol and the solution of MCF was diluted 

to 25 μM with ethanol-water (99:1, v/v) solution and this solution was used in the entire UV-

visible experiment. The stock solution (1 × 10−3 M) of different metal ions were prepared and 

this solution was used in the entire UV-visible experiment. The different metal ions sensing by 

the probe MCF were studied using UV–vis spectrophotometer in ethanol-water (99:1, v/v) 

medium at room temperature. For the preparation of paper stripe, a filter paper with the regular 

sizes were absorbed into the EtOH-H2O (99:1, v/v) solution of MCF and then dried well in air. 

The dried test paper stripe containing MCF were then absorbed in methanolic solution of Cu(II) 

ion and dried very well in air about 4-5 min.  

VI.3. Results and discussion 

VI.3.1. UV-Vis spectroscopy measurements:  

The free ligand MCF in EtOH-H2O (99:1,v/v) exhibits absorption maxima centered at 306 nm 

382 nm (Fig.VI.5). The absorption maxima at 306 nm may be due to π-π* transition and the 

band at 382 nm may be due to n-π* transition [49]. Upon the addition of various metal ions, no 

such distinguishable change in absorption spectra takes place except for Cu2+ ions. Upon 

addition of 1.0 equiv. of Cu2+ ions to the solution of MCF two new absorption bands appeared 

at 348 nm and 441 nm. This spectrum shifts due to the complexation process pertains to 

intramolecular charge transfer (ICT) transition [50-52]. According to these findings, the probe 

MCF might be used as a naked-eye probe for Cu2+ because of its notable selectivity to the 

metal ion. 
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Fig.VI.5. UV–vis absorption spectra of MCF (25 μM) with various cations in ethanol/water 

(99:1, v/v) medium (a spike is due to instrumental parameter). 

The UV-vis spectroscopic titration of the probe, MCF was carried out upon incremental (3 L 

of Cu2+ in each time) addition of Cu2+ ions in ethanol/water (99:1, v/v) medium. The observation 

shows a gradual increase in absorbance intensity at 348 nm and 441 nm (Fig.VI.6) with a clear 

isobestic point at 313 nm this is due to the several vibronic transitions that occurred during the 

electronic transition. After the gradual addition of Cu2+ ions to the probe MCF the yellowish 

brown colour arises. These above observations indicate the interaction of MCF with the Cu2+ 

ions.  
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Fig.VI.6.  UV-vis absorption spectra of MCF (25 M) upon incremental (3 L of Cu2+ in every 

time) addition of Cu2+ ions in ethanol/water (99:1, v/v) . 

More importantly, a competitive study was carried out introducing Cu2+ to a solution of MCF 

in the presence of the various metal ions. This competitive study indicates that the 

other competitive metal ions did not significantly alter the absorption of MCF as shown in 

Fig.VI.7. This finding indicates that other competing metal ions have no discernible effect on 

probe's (MCF) ability to detect Cu2+ ions. 
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Fig.VI.7.  Competitive study of MCF towards Cu2+ ion sensing in presence of different cations 

in ethanol-water (99:1, v/v) medium.  

The association constant (Ka) has been determined literally from the titration profiles by 

interpreting (Amax-A)/(A-A0) vs 1/[Cu2+]. The 1/slope of the linear fit line was used to compute 

the Ka value in accordance with the Benesi-Hildebrand equation. From the Benesi-Hildebrand 

plot the association constant (Ka) evaluated as 4.9346 × 104 M-1 (Fig.VI.8). This association 

constant value proves the sufficient stability of the (MCF+Cu2+) complex. 
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Fig.VI.8. Benesi-Hildebrand plot of MCF in presence of Cu2+ ions in ethanol/water (99:1, 

v/v) medium. 

  The stoichiometric study of MCF towards Cu2+ ions has been studied using Job’s plot 

(Fig.VI.9) by colorimetric method which has established 1:1 stoichiometric binding between 

the probe MCF and Cu2+ ions. 
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Fig.VI.9. Job’s plot of the probe MCF with Cu2+ in ethanol-water (99:1, v/v) medium. 

The Limit of detection (LOD) value has been evaluated by using 3/M method (: standard 

deviation and M: slope) in ethanol-water (99:1, v/v) medium and the LOD value observed as   

0.6 M (Fig.VI.10) which is much lower than the WHO recommended threshold value (76 

M) of Zn2+ ion in drinking water.  
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Fig.VI.10. Determination of LOD of Cu2+ ions by MCF in ethanol-water (99:1, v/v) medium 

using 3method. 

VI.3.2. Effect of pH  

For the detection of metal ions in practical applications, a compatible pH range is considered 

one of the most crucial aspects. The effect of pH on the spectral responses of MCF in the 

absence and presence of Cu2+ was studied with a pH range of 2 to 12. From the Fig.VI.11, it is 

observed that the pH from 2 to 7 did not alter the absorbance intensity of free MCF but after 

the pH 7 the absorbance intensity slightly increases upto pH 12. But upon the addition of Cu2+ 

ions to the probe MCF at a various pH range, the significant spectral and colour changes takes 

place. In case of the complex (MCF+Cu2+) the absorbance intensity gradually increases from 

pH 2 to 7 and after the pH 7 the absorbance intensity significantly decreases (Fig.VI.11) upto 

pH 12. Hence for the complex (MCF+Cu2+) the most intense and significant colour change 
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and absortion maxima observed at the pH 7. This result supports that the probe MCF can be 

used as a colorimetric probe for the recognition of Cu2+ ions in industrial and biological system. 

 

Fig.VI.11. Effect of pH to the absorption spectra of MCF and MCF + Cu2+ complex. 

VI.3.3. Binding mechanism of MCF towards Cu2+ 

 To investigate the mechanism of binding of the probe (MCF) towards Cu2+ ions the 1H-NMR 

titration studies were carried out. During the 1H-NMR titration the 1H-NMR spectrum of MCF 

changed upon the addition of Cu2+ soluble with the d6-DMSO solvent. The 1H-NMR titration 

shows the broadening of the all proton signals of the chromone moiety ranging from the triplet 

at 7.53 ppm to singlet at 8.29 ppm; similar observations were also seeming to be happened for 

the protons of benzothiazole ring ranging from the doublet at 6.39 ppm to doublet at 7.00 ppm 

respectively; after adding 0.5 equiv. Cu2+ in d6‑ DMSO. Upon addition of 1.0 equiv. Cu2+; all 

the respective proton signals of both chromone and benzothiazole rings merge to a broad singlet 

(Fig.VI.12). It's also important to notice that the singlet (-NH-) at 7.06 ppm disappears once 
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1.0 equiv. of Cu2+ is added, indicating that Cu2+ binds via -N-H proton of the benzothiazole 

ring. This observation supports the interaction of MCF with the Cu2+ ions. 

 

Fig.VI.12.  The 1H NMR (300 MHz, d6-DMSO) titration spectra of MCF in presence of Cu2+ 

ion. 

In FT-IR spectrum of MCF (Fig.VI.4) there is a sharp peak of –NH at 3308 cm-1 which was 

completely disappeared in the FT-IR spectrum of Cu2+ complex of MCF (Fig.VI.13). Hence 

this observation confirmed the formation of Cu2+ complex with the replacement of proton from 

benzothiazolyl –NH. 
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Fig.VI.13. FT-IR spectrum of Cu2+ complex of MCF 

The probe, MCF shows efficient selectivity towards Cu2+ ions and the results have been 

compared (Table VI.1) with the recently published articles and it is found that the performance 

of the probe, MCF is better than some recently published articles.  

TableVI.1. Correlation table of different parameters of some recently published work on 

Cu2+ sensing.     

Probe Solvent LOD (M) Reference 

 

DMF-buffer solution 

(1:1, v/v, 10 mM bis–

tris, pH 7.0). 

2.9 × 10−6 M [53] 

 

THF: Ethanol 0.273 × 10-6 [54] 
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CH3CN 4.48×10−6 [55] 

 

EtOH-H2O (v/v, 8:2) 

(HEPES 0.01 M, pH = 

7.4) solution. 

0.39 × 10-6 [56] 

 

CH3CN 6.6 × 10−6 [57] 

 

Bis-tris buffer (10 mM, 

pH 7). 
2.1 × 10−6 [58] 

 

10 mM bis-tris buffer/ 

DMSO (7:3, v/v) 
2.4 × 10−6 [59] 

 

ethanol-water (99:1, v/v) 0.6 × 10−6 This work 

VI.3.4. Reversibility study 

A probe's propensity to turn in the opposite direction is crucial for practical uses. The 

reversibility of MCF was determined by using the chelating agent ethylenediaminetetraacetic 

acid (EDTA) via UV–Vis titration. As shown in Fig.VI.14 upon the addition of EDTA to the 

solution containing MCF+Cu2+ mixture, the absorption spectra of free MCF were restored with 

the change in color from yellowish brown (MCF+Cu2+) to colorless (free MCF) takes place.  

Again, when to this solution Cu2+ was added then the solution turns into yellowish brown which 

reflects in the absorption spectra (Fig.VI.14). Significantly this observation was repeatedly 
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happened with the alternative addition of Cu2+ and EDTA. This observation due to the 

formation of a stable EDTA-Cu complex with the release of free MCF. This fact reveals that 

the sensor MCF can be repeatedly used to recognize Cu2+ ions. 

 

Fig.VI.14. The absorbance spectra of MCF after the alternative addition of Cu2+ and EDTA. 

VI.3.5. Application on test paper kit  

In an ethanol/water (99:1, v/v) medium, the selectivity of MCF towards several metal ions, 

including Na+, Cr3+, Fe3+, Al3+, Ni2+, Cd2+, Fe2+, Zn2+, Cu2+, Co2+, Pb2+, Mn2+, Ba2+, Mg2+, and 

K+ has been tested. It displayed a very obvious preference for copper ions, as seen with the 

naked eye. Only Cu(II) displayed a striking color shift (Fig.VI.15) from colorless to yellowish 

brown when probe was subjected to a succession of distinct metal ions in ethanol/water (99:1, 

v/v). Contrarily, no discernible color change was visible in the other metal ions. 
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Fig.VI.15. Naked eye view of MCF in presence of different metal ions in ethanol/water (99:1, 

v/v) medium. 

Test strip was employed to look at the real-world applicability of MCF. A filter paper with the 

regular size was absorbed into the EtOH-H2O (99:1, v/v) solution of MCF and then dried well 

in air. Significantly the apparent color shift was noticed after being sprayed with Cu2+ solution 

to that MCF coated paper, as illustrated in Fig.VI.16. These findings illustrate that the MCF-

coated test papers are a practical and easy-to-use tool for monitoring Cu2+ ions in real-life 

specimens. 

 

Fig.VI.16. Color changes of the test paper containing MCF and MCF + Cu2+. 

VI.4. Conclusion  

From the above discussion, we have designed and synthesised a chromone based molecule, 

MCF which has exhibited an efficient and selective sensor for the detection of Cu2+ ion 

colorimetrically in ethanol-water (99:1, v/v) medium. The probe MCF showed the limit of 
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detection (LOD) for Cu2+ ions as 0.6 μM. The free MCF is colourless but upon the addition of 

Cu2+ ions the solution turns to yellowish brown which can be easily distinguished by naked eye 

view and this colour change also reflected in the UV-Vis spectroscopic experiment. The 1:1 

stoichiometry of binding between the probe MCF and Cu2+ was determined from Job’s plot 

analysis and the binding constant (Ka) also evaluated as 4.9346 × 104 M-1. The reversibility of 

sensing towards Cu2+ ions was examined by using the EDTA solution and the result showed 

that the MCF can be used as an excellent reversible colorimetric sensor for Cu2+ ions. 

Additionally, MCF coated test paper was prepared and it can used to detect Cu2+ ions 

successfully.    
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VII.1. Conclusion 

The above discussion in the chapters has concluded that the research work is focused mainly 

on the synthesis, structural characterisation and exploration of their ion sensing properties and 

photochromism in one case.  To execute this idea, some fluorophore appended Schiff bases 

have been designed which have been used for the detection of various bio-relevant metal ions 

and one azoimidazole based Hg(II) complex which have shown photo-mechanical activity by trans-cis 

isomerization those can be used as an optical sensor. The discussed chemosensors can detect metal 

ions at a very low concentration (µM) level. The synthesized chemosensors have been used for 

the various biological as well as analytical applications. 

VII.2. Double advantages of Benzimidazolyl-hydroxy-coumarinyl diad -“turn-on” 

sensing of Al3+ and preventing metastasis in cancer  (Chapter II) 

 

(HL) 

8-(1H-Benzoimidazol-2-yl)-7-hydroxy-4-methyl-chromen-2-one 

8-(1H-Benzoimidazol-2-yl)-7-hydroxy-4-methyl-chromen-2-one (HL), a benzimidazolyl-

hydroxy-coumarinyl diad, serves as fluorescent turn-on Al3+-sensor (Fig.VII.2.1, Fig.VII.2.2) 

in acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES buffer) medium. The intensity of emission 

on binding with Al3+ is enhanced by twelve times of probe with limit of detection (LOD) 0.62 

μM. The structure of the probe has been established by the spectroscopic data (FT-IR, 1H NMR, 
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Mass spectra) and is confirmed by Single Crystal X-ray structure determination. The co-

ordination environment of the complex, [Al(L)(NO3)2(H2O)(NCCH3)], has been supported by 

Mass, FT-IR, NMR spectra and the Job’s plot supports 1:1 composition. The anti-metastatic 

potential of HL on Human skin carcinoma (A431) and Human lung carcinoma (A549) cells 

are examined. Wound healing and Zymography assay suggest that HL has anti-migratory 

properties. The RT-PCR and Immunoblotting data suggest that HL down-regulates the 

expression of mesenchymal markers (Vimentin, Snail, Slug, MMP, and MMP9) and induces 

the expression of the epithelial marker (E-Cadherin) (Fig.VII.2.3). 

 

Fig.VII.2.1.  In acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES buffer) UV chamber HL 

persists colour in presence of Al3+ but disappears in presence of all other metals.  

 

 Fig.VII.2.2.  Fluorescence spectra of HL in acetonitrile-water (2:1, v/v) of pH, 7.2 (HEPES 

buffer) in presence of different cations. 
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Fig.VII.2.3. HL inhibits the migration of carcinoma cell lines. (A) Effect of HL on the activity 

of matrix metalloproteinase enzyme by gelatin zymography. The MMP2 and 

MMP9 bands were displayed. (B) Wound healing assay displaying the 

migration of cells in 24 hours, with and without treatment with HL and the 

bar plots displaying % of wound coverage by cells. (C) The effect of HL on 

the EMT markers done by RT-PCR. (D) Effect of HL on E-Cadherin and 

Vimentin protein expression and bar plots represents the fold change in 

expression normalized with GAPDH. The data were represented as mean ± 

SD and performed in triplicate.  
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VII.3. Application of a Rhodamine-Chromone Schiff Base Probe for the Sensing of Fe3+, 

Al3+, Cr3+ at Low Concentration and Exploration of the Anticancer Activity and Bio-

imaging. (Chapter III) 

 

(RFC) 

Rhodamine appended chromone Schiff base (RFC), with two fluorogenic motifs, has been 

characterized through various spectroscopic techniques. The probe exhibits efficient sensitivity 

towards trivalent metal ions (Al3+,Cr3+and Fe3+) (Fig. VII.3.1) in existence of other competitive 

analytes. The fluorescent intensity is enhanced by 350 fold (Fe3+), 250 fold (Al3+) and 220 fold 

(Cr3+), respectively (Fig. VII.3.2) in methanol-water (99:1,v/v; HEPES buffer, pH, 7.2) 

medium. Rhodamine derivative (RFC) upon interact with Fe3+, Al3+
,
 and Cr3+ ions the cleavage 

of spirolactam ring occurs followed by the change in colour takes place. After the cleavage of 

the spirolactam ring the donor atoms (O, N) come from amidic moiety of RFC may initiate 

noncovalent interaction with trivalent cations (Fe3+, Al3+
,
 and Cr3+).  The limits of detection 

(LOD) (3/M method; = standard deviation; M = slope) are 0.0051 ppm (Fe3+), 0.0029 ppm 

(Al3+) and 0.0052 ppm (Cr3+); which are impressive and much below the WHO recommended 

data. The material may be employed for the fabrication of a detection device (Fig. VII.3.3. 

(a)). In addition to this, the compound has been utilized for cell imaging (Fig. VII.3.3. (b)) in 

presence of these three cations. The action of probe on MCF-7 (human breast cancer) cell lines 

demonstrates IC50, 2.53 µM that is far better than activity against WI-38 (normal cell line) 

(IC50, 393.7 µM). The drug (RFC) minimizes the cellular proliferation and has significant 
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wound healing capacity (Fig. VII.3.4) of the infected tissue with MCF-7 cells. The probe shows 

significant nuclear fragmentation with increase in the expression of apoptotic markers. Growth 

inhibition analysis in 3D tumor spheroid model showed the inhibition of breast cancer MCF-7 

cells. 

 

Fig. VII.3.1. Vial image in UV chamber of the probe RFC in presence of different cations in 

methanol-water (99:1 v/v; HEPES buffer, pH, 7.2)  

 

Fig. VII.3.2. Emission spectra of the probe RFC in methanol-water (99:1, v/v; HEPES buffer, 

pH, 7.2) in presence of various metal ions. 
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  (a)  (b) 

Fig. VII.3.3.  (a) General representation of an INHIBIT logic gate and truth table for two 

inputs: Fe3+ and CN- and single output at 583 nm. (b) The cell imaging study of 

RFC in the presence of Al3+, Cr3+ and Fe3+ ions on the MCF-7 cell line. 

 

Fig. VII.3.4. Wound healing assay carried out in MCF-7 cells treated with 5 µM RFC probe. 

(A-F) Significant inhibition of the closure of the wound is observed in treated 

cells as compared to the untreated control. The scale bar corresponds to 100 µm. 

(G) Graph showing reduction in wound healing area on treatment with RFC as 

compared to untreated control where the wound almost completely closes at 48 

h. The error bars correspond to the standard error of the value after performing 

the experiment in triplicates. (n=3) (Two-way ANOVA,*** p<0.001). 
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VII.4. Use of Diformyl-triazolo Schiff base for Zn2+ Sensing and intracellular Live Cell 

Imaging. (Chapter IV) 

 

(PTR)  

4-Methyl-2, 6-bis-[(1H-[1,2,4] triazol-3-ylimino)-methyl]-phenol 

4-Methyl-2, 6-bis-[(1H-[1,2,4] triazol-3-ylimino)-methyl]-phenol (PTR) has been synthesized 

and characterised by spectroscopic data (ESI-MS, UV-Vis, FT-IR, NMR spectra). The probe, 

PTR showed prominent UV-Visible spectra, upon the addition of Zn2+ ions the distinguishable 

colour change takes place (Fig. VII.4.1. (a)) in DMSO-water (99:1,v/v; HEPES buffer, pH, 

7.2) medium. The probe, PTR, emits at 610 nm upon excitation at 380 nm and the emission is 

strongly intensified on interacting with Zn2+ ion (Fig. VII.4.1. (b)) in DMSO-water (99:1, v/v; 

HEPES buffer, pH, 7.2) solution even in presence of fifteen other cations (Cu2+, Mn2+, Co2+, 

Ni2+, Pd2+, Cd2+, Pb2+, Hg2+, Fe3+, Cr3+, Al3+, Na+, K+, Ba2+, Ca2+) and the emission band has 

been shifted to 530 nm. The limit of detection of Zn2+, 0.30 µM is much lower than WHO 

recommended value (76 M). The significant and distinguishable solid-state emission of the 

probe PTR and the PTR-Zn2+ complex (Fig. VII.4.2) makes the probe more effective towards 

the detection of Zn2+ ion in naked eye. The binding constant (Kd) is 4.2585 ×104 M-1. Selective 

and sensitive chemosensing behaviour of PTR to Zn2+ has been explained by switching off 

ESIPT quenching of the keto-enol tautomerisation of the probe along with the chelation 

enhancement of fluorescence (CHEF) by binding with Zn2+.  The Job’s plot and NMR titration 

have been extended to measure the 1:1 molar composition [PTR+Zn2+]. Intracellular Zn2+ ions 
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in living cells of HEK293 (PBS: Phosphate Buffer Saline, pH-7.2) have also been identified by 

the probe, PTR, using fluorescence microscopic imaging technique (Fig. VII.4.3). 

  

 (a)  (b) 

Fig. VII.4.1.  (a) UV–vis absorption spectra of PTR (25 μM) with various cations in DMSO-

water (99:1, v/v; HEPES buffer, pH, 7.2) medium. (b) Emission spectra of the 

probe PTR (25 μM) in presence of different metal ions upon excitation at 380 

nm in DMSO-water (99:1, v/v; HEPES buffer, pH, 7.2) medium.  

 

Fig. VII.4.2. The solid state emission spectra of the probe PTR and PTR + Zn2+ complex  
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Fig. VII.4.3.  Confocal microscopy images of HEK293 cells in presence of PTR and PTR+ 

Zn2+. 

VII.5. Structure and Photoisomerisation of Halo-bridged dimeric Mercury (II) 

complexes of 1- alkyl-2-(p-nitro-phenylazo) imidazoles. (Chapter V). 

Mercury (II) complexes, [Hg(p-NO2aaiR) (-X) (X)]2 (2-4) of p-NO2-aaiR [1-Alkayl-2-(p-

nitro-phenylazo) imidazole, (1), where R = -CH3 (1a), -C2H5 (1b) and X = Cl (2), Br (3), I (4)] 

(Scheme VII.5.a) have been studied by spectral data. The X-ray crystallography study in case 

of [Hg(p-NO2aai-CH3)(μ-I)(I)]2 (4a) has revealed the distorted dinuclear halobridge tetra-

atomic puckered rhombohedral Hg(II) structure (Fig. VII.5.1). The ligand, p-NO2aaiR shows 

trans (E) - cis (Z) isomerisation both in free and coordination state in the complex on shocking 

UV light in the solution phase. The Z-to-E transformation is carried out by thermal treatment 

while photoisomerization is carried out very slowly on visible light absorption and EZ 

(quantum yields for E-to-Z isomerisation) is higher for free ligand compare to the complex 
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phase. The isomerisation rate shows the sequence, [Hg (p-NO2 aaiR) (-I) (I)]2 (4) < [Hg (p-

NO2 aaiR)(-Br)(Br)]2 (3) < [Hg(p-NO2aaiR)(-Cl)(Cl)]2 (2) which is also the sequence of 

molecular mass of the complexes. Light absorption in UV wavelength (λmax,364 nm) causes 

trans-(E-isomer) to cis-(Z-isomer) isomerisation (Scheme VII.5.b). For free ligand methanol 

solution of ligand is used while the complex is sparingly soluble in MeOH so DMF solution is 

used. The absorption at UV region is decreased ((Fig. VII.5.2. (a), (b)) with following increase 

at the longer wavelength portion of the spectrum till a stationary state is reached. 

 

  p-NO2aai-CH3(1a), p-NO2aai-C2H5 (1b), [Hg(p-NO2aai-CH3)(μ-Cl)(Cl)]2 (2a), [Hg(p-

NO2aai-C2H5)(μ-Cl)(Cl)]2 (2b) [Hg(p-NO2aai-CH3)(μ-Br)(Br)]2 (3a), [Hg(p-NO2aai-C2H5)(μ-

Br)(Br)]2 (3b) [Hg(p-NO2aai-CH3)(μ-I)(I)]2 (4a), [Hg(p-NO2aai-C2H5)(μ-I)(I)]2 (4b) 

Scheme VII.5.a. Synthetic route of Hg (II)- halide complexes. 
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Fig. VII.5.1. Asymmetric unit of compound [Hg(p-NO2aai-CH3)(μ-I)(I)]2 (4a) 

 

Scheme VII.5.b.  Isomerisation of 1-alkyl-2-(p-nitro-phenylazo) imidazole, p-NO2aaiR, (1) 
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 (a)  (b) 

Fig. VII.5.2. (a) Evolution of absorption of p-NO2aaiMe (1a) in MeOH upon irradiation at 

364 nm at 3 min interval at 25C. (b) Evolution of absorption of [Hg(p-NO2aai-CH3)(μ-I)(I)]2 

(4a) in DMF upon irradiation at 368 nm at 5 min interval at 25C. 

VII.6. Use of chromone based probe as colorimetric sensor for the detection of Cu2+ ion: 

design of test paper kit. (Chapter VI). 

 

(MCF) 

3-(5-chloro-2,3-dihydrobenzo[d]thiazol-2-yl)-4H-chromen-4-one 

A chromone-based molecule, 3-(5-chloro-2,3-dihydrobenzo[d]thiazol-2-yl)-4H-chromen-4-

one (MCF) has been spectroscopically characterised (FT-IR, UV-Vis, ESI-MS, NMR) and has 

been used for the chromogenic selective recognition of Cu2+ ion (Fig.VII.6.1) in EtOH-H2O 

(99:1, v/v) medium. The sensor shows excellent selectivity towards Cu2+ ion at very low limit 

of detection, 0.6 μM in presence of competitive ions which is much lower than the permissible 
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limit (20 μM) in drinking water recommended by the World Health Organization (WHO). From 

the Job's plot it has been concluded that the probe MCF binds Cu2+ with 1:1 molar ratio. The 

binding constant (4.9346 × 104 M-1) of MCF towards Cu (II) ion was determined by using the 

Benesi-Hildebrand equation. The reversibility of MCF was determined by using the chelating 

agent ethylenediaminetetraacetic acid (EDTA) via UV–Vis titration and the probe MCF can 

be repeatedly (Fig.VII.6.2) used to recognize Cu2+ ions. The naked eye change from colourless 

to yellowish brown of MCF solution upon addition of Cu2+ ion ((Fig.VII.6.3. (a)) in presence 

of different competitive metal ions is very convincing and helps to design paper kits 

((Fig.VII.6.3. (b)). 

 

Fig.VII.6.1. UV–vis absorption spectra of MCF (25 μM) with various cations in ethanol/water 

(99:1, v/v) medium. 
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Fig.VII.6.2. The absorbance spectra of MCF after the alternative addition of Cu2+ and EDTA. 

 

 

                                              

 (a)  (b) 

Fig.VII.6.3. (a) Naked eye view of MCF in presence of different metal ions in ethanol/water 

(99:1, v/v) medium.  (b) Color changes of the test paper containing MCF and 

MCF + Cu2+.    
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a b s t r a c t 

8-(1H-Benzoimidazol-2-yl)-7–hydroxy-4-methyl-chromen-2-one ( HL ), a benzimidazolyl–hydroxy- 

coumarinyl diad, serves as fluorescent turn-on Al 3 + -sensor in acetonitrile-water (2:1, v/v) of pH, 

7.2 (HEPES buffer) medium. The intensity of emission on binding with Al 3 + is enhanced by twelve times 

of probe with limit of detection (LOD) 0.62 μM. The structure of the probe has been established by the 

spectroscopic data (FT-IR, 1 H NMR, Mass spectra) and is confirmed by Single Crystal X-ray structure 

determination. The co-ordination environment of the complex, [Al(L)(NO 3 ) 2 (H 2 O)(NCCH 3 )], has been 

supported by Mass, FT-IR, NMR spectra and the Job’s plot supports 1:1 composition. The anti-metastatic 

potential of HL on Human skin carcinoma (A431) and Human lung carcinoma (A549) cells are examined. 

Wound healing and Zymography assay suggest that HL has anti-migratory properties. The RT-PCR and 

Immunoblotting data suggest that HL down-regulates the expression of mesenchymal markers (Vimentin, 

Snail, Slug, MMP, and MMP9) and induces the expression of the epithelial marker (E-Cadherin). 

© 2021 Published by Elsevier B.V. 

1. Introduction 

Towards achievement of sustainable health - quality of air, wa- 

ter, essential goods, pharmaceuticals, cosmetics etc. are very im- 

portant. So, quality control of the food products and other con- 

suming materials, along with precise and accurate analytical deter- 

mination are significant. Different high value analytical techniques 

and instruments are used in this regard in the R & D sector of 

the industries and research institutes. Fluorescence sensing [1–7] is 

one of the widely accepted techniques that is widely used due to 

high selectivity, sensitivity, simple instrumentation technique, low 

cost etc. By the way sensing of biologically active metal ions has 

practical utility on the issues of human health. aluminum (Al), 

third most abundant metal present in the earth’s crust (8% of its 

mass) [8] , has used in large quantity in domestic purposes, cooked 

food supply and transportation. Al(III) ingestion causes diverse ab- 

normality in human body such as neurotoxicity, Alzheimer’s and 

Parkinson’s diseases, and also obstructs the protein transportation 

in respiratory system, softening of bone, anemia in living actu- 

alities etc. [ 9 , 10 ]. Al(III) impedes the acceptance of Ca 2 + and in- 

hibits to delay the growth rate of biological systems. Moreover, the 

∗ Corresponding author. 
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harmfulness of Al(III) is a threat towards aquatic lives and slows 

down the agriculture production in acidic lands. Dose-response im- 

pact of Al(III) shows adverse effects with respect to human health 

and plant growth. As a consequence, developing of new and prac- 

tical multigesturing chemosensor for Al 3 + is very important. Till 

date, several analytical techniques are available for recognition of 

Al 3+ including titrimetric, chromatography, atomic absorption spec- 

tra, mass spectrometry, electrochemical detection, and Al-NMR 

technologies. Fluorescence spectroscopic technique is considered in 

recent literature as one of the most powerful analytical technique 

[11–15] . Many fluorescent based probes have been considered 

and some of them are utilized successfully in Al-neurochemistry. 

Most of the molecules have been constructed on quinoline, 

pyridyl, bipyridyl, coumarinyl, imine, pyrene, nitrobenzoxadiazole, 

carbazole, naphthalimide, benzoxazole, pyrazoline, tripyrrins, BI- 

NOL, fluorescein, rhodamine fluorophores [16–21] . benzimidazolyl 

[22] and coumarinyl [23–29] groups are strongly fluorogenic motifs 

and inclusion of these two in a single molecule may prepare ana- 

lytically and biologically useful agent which may be applied for op- 

tical detection of metal ions. Besides, coumarin belongs to interest- 

ing class of natural ingredients and shows anticancer, anticoagulant 

and antioxidant activity [30] . Benzimidazolyl motif serves as fungi- 

cides, anthelminthic, anticancer, anti-tubercular, anti-HIV and in- 

hibits microtubule assembly [31] . Therefore, a molecular diad with 

https://doi.org/10.1016/j.molstruc.2021.131870 

0022-2860/© 2021 Published by Elsevier B.V. 

https://doi.org/10.1016/j.molstruc.2021.131870
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.131870&domain=pdf
mailto:crsjuchem@gmail.com
https://doi.org/10.1016/j.molstruc.2021.131870


Inorganica Chimica Acta 545 (2023) 121276

Available online 2 November 2022
0020-1693/© 2022 Elsevier B.V. All rights reserved.

Application of a Rhodamine-chromone Schiff base probe for the sensing of 
Fe3+, Al3+, Cr3+ at low concentration and exploration of the anticancer 
activity and bio-imaging 
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A B S T R A C T   

Strategic design of fluorescent probe for the recognition of ions/molecules at very low concentration by fluo
rescence sensing is one of the stimulating current research topics with reference to health and sustainability. 
Towards this objective, Rhodamine based chemosensors are playing extraordinary protagonist. In this work, a 
Rhodamine appended chromone Schiff base (RFC), with two fluorogenic motifs, has been characterized through 
various spectroscopic techniques. The probe exhibits efficient sensitivity towards Analytical Group IIIA ions 
(Al3+, Cr3+ and Fe3+) in existence of other competitive analytes. The fluorescent intensity is enhanced by 350 
fold (Fe3+), 250 fold (Al3+) and 220 fold (Cr3+), respectively in methanol-water (99:1,v/v; HEPES buffer, pH, 
7.2) medium. The limits of detection (LOD) (3σ/M method; σ = standard deviation; M = slope) are 0.0051 ppm 
(Fe3+), 0.0029 ppm (Al3+) and 0.0052 ppm (Cr3+); which are impressive and much below the WHO recom
mended data. In addition to this, the compound has been utilized for cell imaging in presence of these three 
cations. The action of probe on MCF-7 (human breast cancer) cell lines demonstrates IC50, 2.53 µM that is far 
better than activity against WI-38 (normal cell line) (IC50, 393.7 µM). The drug (RFC) minimizes the cellular 
proliferation and has significant wound healing capacity of the infected tissue with MCF-7 cells. The probe shows 
significant nuclear fragmentation with increase in the expression of apoptotic markers. Growth inhibition 
analysis in 3D tumor spheroid model showed the inhibition of breast cancer MCF-7 cells.   

1. Introduction 

The detection of cations in ecological as well as biological promi
nence is one of the issues of sustainable development.[1–3] The sensing 
application of organic molecules has exalted scientific, technological, 
and medicinal issues.[4–6] However, the design of a multifunctional 
fluorogenic probe is also a major concern. The ‘turn-on’ fluorescence 
property is practically more reliable than ‘turn-off’ to the probe-analyte 
interaction because of higher preciseness, sensitivity, and accuracy for 
direct laboratory-to-land application.[7–10] The interaction of metal 
ions has been directly controlled by the binding sites of chemosensor 
and hence the prominence of the fluorescence intensity.[11–13]. 

Recently, the novel colorimetric and luminescent detection processes 
have been recognized in the sustainable development issues because of 

their efficacy in the critical phase of biology and environment in refer
ence to the quantitative identification of non-biodegradable hazardous 
ions and persistent organic pollutants.[14–17] Principally, the following 
procedures may be intricate for the signaling manifestation of molecular 
chemosensors: photoinduced charge transfer (PCT), chelation-enhanced 
fluorescence (CHEF), PET (Photoinduced Electron Transfer) and RET 
(Resonance Energy Transfer) accompanying, in particular, the HSAB 
(Hard and Soft Acid Base) principle[18–20]. The quantities of the ana
lyte in the sample are the decisive cause for the regularization of 
ecological progression or the initiation of noxiousness. Hence, the trace 
level recognition of analyte concentration is a most trustworthy 
analytical task.[21–23]. 

In this regard, the detection of very low concentration of trivalent 
metal ions (Analytical Group-IIIA) is vastly stimulating. These metal 
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A diformylphenol Schiff base of triazole-amine, 4-methyl-2, 6-bis-[(1H-[1,2,4]

triazol-3-ylimino)-methyl]-phenol (PTR) has been synthesised and charac-

terised by spectroscopic data (ESI-MS, UV-vis, FT-IR, NMR spectra). The

probe, PTR, emits at 610 nm upon excitation at 380 nm and the emission is

strongly intensified on interacting with Zn2+ ion in DMSO-water (99:1, v/v;

HEPES buffer, pH, 7.2) solution even in the presence of 15 other cations

(Cu2+, Mn2+, Co2+, Ni2+, Pd2+, Cd2+, Pb2+, Hg2+, Fe3+, Cr3+, Al3+, Na+, K+,

Ba2+, Ca2+) and the emission band has been shifted to 530 nm. The limit of

detection of Zn2+, 0.30 μM is much lower than WHO recommended value

(76 μM). The binding constant (Kd) is 4.2585 � 104 M�1. Selective and sensi-

tive chemosensing behaviour of PTR to Zn2+ has been explained by switching

off ESIPT quenching of the keto-enol tautomerisation of the probe along with

the chelation enhancement of fluorescence (CHEF) by binding with Zn2+. The

Job's plot and NMR titration have been extended to measure the 1:1 M compo-

sition [PTR + Zn2+]. The energy calculation by the DFT computation of keto

and enol isomers supports easy tautomerisation and helps ESIPT quenching

by proton transfer. Intracellular Zn2+ ions in living cells of HEK293

(PBS: phosphate buffer saline; pH, 7.2) have also been identified by the probe,

PTR, using fluorescence microscopic imaging technique.

KEYWORD S

emission in visible region, ESIPT, intracellular imaging, triazole Schiff base probe, Zn2+

sensing

1 | INTRODUCTION

Zinc is a useful element in the progress of civilization
since ancient times. Zn (II) is the second most abundant
micronutrient (first is Iron) and plays a vital role in the
growth and development of the human body. It regulates
neural signal transmission,1 immune function,2 mamma-
lian reproduction and others.3–5 The deficiency of Zn2+

ions cause severe harmful effect on the eye and skin, and
the excessive presence of it causes Parkinson's,6–8

Alzheimer's9,10 and many other diseases. Although Zn2+

(d10) is redox innocent but its structural integrity, cooper-
ation to other ions, structural flexibility, easy participa-
tion in substitution reaction and so forth contributes key
function towards large number of enzyme catalyses.11,12

Therefore, the analytical detection of Zinc is an impor-
tant task for sustainable health maintenance planning.
There are several quantitative techniques such as gravi-
metric, volumetric, electroanalytical, spectroscopic and
so forth. The simplest, easiest, selective and sensitive
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Mercury(II) complexes, [Hg(p-NO2aaiR)(-X)(X)]2 (2-4) of p-NO2-aaiR [1-alkyl-2-(p-nitro-phenylazo)imidazole (1), where R = -
CH3 (1a), -C2H5 (1b) and X = Cl (2), Br (3), I (4)] have been studied by spectral data. X-Ray crystallography study in case of
[Hg(p-NO2aai-CH3)(-I)(I)]2 (4a) has revealed the distorted dinuclear halobridge tetra-atomic puckered rhombohedral geom-
etry. The ligand, p-NO2aaiR shows trans(E)-cis(Z) isomerisation both in free and coordination state on shocking UV light in
the solution phase. The Z-to-E transformation is carried out by thermal treatment while photoisomerization is carried out very
slowly on visible light absorption and EZ (quantum yields for E-to-Z isomerisation) is superior for free ligand than the complex
phase. The isomerisation rate follows [Hg(p-NO2aaiR)(-I)(I)]2 (4) < [Hg(p-NO2aaiR)(-Br)(Br)]2 (3) < [Hg(p-NO2aaiR)(-Cl)(Cl)]2
(2)  which is also the sequence of molar mass of the compounds. The energy gap calculation of the optimized structures by
DFT (Density Functional Theory) also supports this conjecture.

Keywords: Photochromism, p-nitro-phenylazo-imidazole, Hg(II), X-ray, DFT.

Introduction
The structural change of some aromatic-azo com-

pounds1,2 by absorbing light has massive applications in the
field of molecular machines3, data storage4, bio-conjugates5,
polymers towards optical stimuli-response6, nanomaterials7,8

etc. The prospect of azobenzene in this field is inspiring to
focus on group of azo molecules, arylazoimidazoles, in par-
ticular2. Photochromism of 1-alkyl-2-(arylazo)imidazole9,10

and some of their complexes are published11–14. For detail
investigation on the influence of substituent on the
photoisomerisation, a nitro (-NO2) functionalised azoimida-
zole, 1-alkyl-2-(p-nitro-phenylazo)imidazole, p-NO2-aaiR (1)
(R = -CH3 (1a), -C2H5 (1b)) and its Hg(II) complexes are  syn-
thesized. The spectroscopic techniques are used for the
characterisation of ligands and compounds. The single crys-
tal X-ray structure determination is help ful for the establish-
ment of structure of one of the complexes only. Through this

work, the isomerisation rates and quantum yields are com-
pared between free ligand and coordination phase in the
complex in presence of different halides. Theoretical study
has been attempted to describe the light induced structural
change.

Scheme 1.  Isomerisation of 1-alkyl-2-(p-nitro-phenylazo)imidazole, p-
NO2aaiR, (1).
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