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Abstract 

This doctoral thesis provides an insight into the synthesis, characterization, and development 

of triphenyl derivatives for the colorimetric and voltammetric sensing of metal ions and 

anions. Synthesized molecules were characterized by NMR, mass, and FT-IR spectroscopy. 

They were studied for their analytical applications as chemical sensors as well as for their 

biological applications. Naked eye detection of probes has modified their practical 

application. Experimental results were also compared with results obtained from theoretical 

calculations using DFT software. Furthermore, detection of amino acids, antibacterial 

activity, and preparation of molecular logic gate were some of the useful applications of our 

work.   

A triphenyl ether derivative having amine linkage (TPEA), 1,1'-((((1,3-phenylene bis (oxy)) 

bis(2,1-phenylene))bis(azanediyl))bis(methylene))bis(naphthalene-2-ol), was synthesized as a 

customized receptor for cyanide ions. In the presence of a variety of competitive anions such 

as HSO4
-
, H2PO4

-
, ClO4

-
, OAc

-
, and halides, TPEA was selective for CN

-
 ions. With a 

detection limit of 0.4 μM and a binding constant of 4.16x10
7
 M

-1
, the proposed receptor 

reacts linearly to CN
-
 ions up to a concentration of 400 μM. The colorimetric response of 

TPEA towards CN
-
 ions was confirmed by voltammetric technique. TPEA has also been 

tested as a water-detection probe in acetonitrile. For practical application, paper strips were 

prepared for naked-eye detection of CN
-
. 

A  triphenyl ether amide (TPEAM) derivative, N,N'-((1,3-phenylene bis(oxy))bis(2,1-

phenylene))bis(2-hydroxy-1-naphthamide), was developed as a probe for electrochemical and 

optical sensing of copper, cyanide ions and arginine. Among various cations and anions, the 

ionophore is selective for copper and cyanide ions, with detection limits of 40 nM and 0.4 

μM, respectively. Sharp anodic and cathodic peaks in the differential pulse voltammograms 

of TPEAM-Cu(II) complex suggested a strong ligand ion complexing tendency, which was 

verified by spectrofluorimetry and 
1
H NMR titrations. TPEAM-Cu(II) complex also detected 

arginine, a semi-essential amino acid, in an aqueous medium with a lower detection limit of 4 

μM. As potential mechanisms for sensing respective ions, host-guest interactions between 

TPEAM and Cu(II) ions and intramolecular charge transfer interactions (ICT) for CN
-
 ions 

have been suggested. The use of TPEAM as a Cu(II) ion probe has also been validated on 

food samples, with the findings compared to those obtained using atomic absorption 
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spectroscopy. Following the response of TPEAM towards Cu(II) and CN
-
 ions, the molecular 

logic gate was designed with truth table values. 

A diimine benzene and naphthaldehyde based molecular architecture (PDI) was synthesized, 

namely, 1,1'-((1E,1'E)-(1,2-phenylene bis(azanylylidene))bis(methanylylidene)) bis 

(naphthalene-2-ol), and its sensing behavior was found selective for Al
+3

 ions with a 

detection limit of   6.7x10
-7 

M. The binding event was signaled by the probe forming an 

absorption band at 406 nm and a new emission band at 504 nm. The mechanism is thought to 

be the chelation-induced enhanced fluorescence (CHEF) effect and limiting PET phenomena. 

Electrochemical tests of the probe for Al(III) ions backed up the photophysical results. Probe 

detected CN
-
 and F

-
 ions selectively using a new absorption band at 412 nm and a “turn-on” 

fluorescence band at 460 nm, with a detection limit of 1x10
-7

 M. 
1
H NMR titrations 

confirmed the mechanism of anion detection. The experimental results were confirmed using 

DFT calculations. The presence of water as an impurity in acetonitrile was observed to the 

degree of 0.4 percent using the PDI-Al(III) complex as a sensor. PDI and its aluminium 

complex were also tested for antibacterial activity against non-pathogenic E. coli. The 

successful antibacterial activity of Probe and its aluminium complex was confirmed by 

fluorescence imaging and SEM analysis.  
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Chapter 1 

Introduction 

Sensor applications can be identified as an unavoidable part of daily living and the 

surroundings. Any chemical or physical property of any item or process can be detected and 

measured with a sensor. Even a smartphone has a slew of sensors that track the apparatus's 

location, the user's appearance, the intensity of the environment, and a variety of other 

parameters. Sensors function similarly to sense organs in the body. In reality, the word sensor 

comes from the Latin word sentire
1
, which means "to feel." A sensor may detect and 

transform measurable physical and chemical quantities into electrical signals that an observer 

can evaluate. A chemical sensor can be linked to an artificial tongue or ear since it can 

provide chemical information about the environment. As a result, chemical sensors have 

become an integral feature of analytical chemistry teaching in recent decades. Chemosensor 

research is significant not only for chemistry students, but also for researchers in other 

subjects such as engineering science, medicine, biology, and other disciplines. 

1.1 Chemical Sensors 

According to IUPAC definition “a chemical sensor is a device that transforms chemical 

information like composition, presence of particular element or ion, concentration or 

chemical activity into an analytically useful signal”. The information obtained from the 

chemical sensor may have come from the analyte’s chemical reaction or changes in its 

physical properties such as length, weight, pressure, electricity, etc.
2
 This chemical reaction 

between the analyte and the target species (metal ion, anion, and biological species) 

established a new age in chemical sensing.  After sensing the presence of energy or matter, a 

chemical sensor contains ionophore derived from abiotic components, which brighten the 

signal. In reality, a sensor should be in direct contact with the object under inquiry, respond 

frequently, convert non-electric data into an electric signal, and respond quickly.
3, 4

 

Chemical sensors are made up of two parts- the receptor and a transducer. These two 

components form the chemical sensor’s foundation and are linked in sequence. The receptor 

interacts with the analyte and causes a physical or chemical transition, which is reported by 

an integrated transducer that generates the output signal in the majority of chemical sensors 
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(Fig. 1).
5
 The receptor component transfers chemical information to the transducer in the 

form of energy, which is then converted into an analytical signal.  

 

 

Fig. 1 Schematic presentation of chemical sensor 

Various methods, such as UV-VIS spectroscopy, fluorescence spectroscopy, voltammetry, 

and potentiometry, are used to record these analytical signals.
6-10

 When it comes to chemical 

sensors, several important factors play a role in making the job worthwhile. Selectivity, 

precision, solution nature, response time, working life span, and sensitivity are all important 

factors in designing a sensor. A sensor’s selectivity is its ability to differentiate between 

various substances. The results within acceptable limit define accuracy which should be 

greater than 5%. The temperature, pH, and ionic strength of a solution determine the nature of 

the solution. In real-time applications, response time and life span are critical parameters that 

define the stability of the selective material.
11-16

  

Sensors have been categorized into different groups based on the application of analytes. 

Following three classes have been discussed in the section below. 

(1) Optical Sensors 

(2) Electrochemical Sensors 

(3) Biosensors 

An optical sensor transforms light rays into an electronic signal that can be analyzed. Both 

internal and external optical sensors are available. The physical quantity of light is measured 

using an optical sensor and then transformed into a signal that can be read by an integrated 
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measuring system (Fig. 2). Chemical and biological molecules interact with the target species 

to generate the data that interprets concentration, mass, and temperature.
17-19

  

 

Fig. 2 Schematic presentation of optical sensor 

Electrochemical sensors are also made up of the receptor and the transducer. The receptor 

unit in these sensors transforms chemical data into an analytical signal, which can then be 

interpreted by the transducer (Fig. 3). An electrochemical sensor is a small device that 

measures concentration, chemical composition, reaction speed, and other physical properties 

of an analyte.
20, 21

 

 

 Fig. 3 Schematic presentation of electrochemical sensor 

The analyte of interest in a biosensor is a biological species such as tissue, antibodies, 

enzymes, or nucleic acid (Fig. 4). Biosensors assist us in determining analyte biological 

parameters such as time, concentration, and pH effect.
22, 23
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Fig. 4 Schematic presentation of biosensor 

1.2 Methods of chemical sensing 

For successful chemical sensing, the availability of various instruments and techniques has 

made it possible to design sensors that rely on the concept of physical, biological, and 

chemical changes. Chemical sensing is often divided into two groups, as follows:  

(i) Receptor unit 

(ii) Transducer unit 

1.2.1 Classification of chemical sensors based on recognition unit 

The main component of a sensor is the receptor unit/ recognition feature, which imparts 

selectivity so that the sensor can respond to a specific analyte without interference from other 

species. Various types of interactions between the receptor unit and analytes have been 

documented in the literature, including non-covalent bonds, electrostatic interactions, hard-

soft acid-base interactions, and so on.
24-26

 Receptors are organic building blocks that can bind 

several analytes, including cations, anions, and neutral molecules. In the solution process, 

receptor molecules arrange themselves to create a cavity wide enough to accommodate an 

analyte. Some analytes, such as sodium, calcium, potassium, and magnesium, are biologically 

essential. In terms of biologically important analytes, various kinds of metal cations such as 

Cu(II), Mn(II), Zn(II), and others play an important role in the proper functioning of 

metalloenzymes and proteins.
27

 Apart from these, various toxic metals (Hg(II), Cd(II), 

Cr(VI)) must be detected by the receptor unit in addition to critical ions. As a result, the 

receptor unit must be able to detect or remove these metal ions selectively and easily.  To 

fulfill these needs, different kinds of receptors are synthesized. Some of the important 
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receptor categories are Schiff base
28, 29

, rhodamine derivatives
30, 31

, benzocoumarin
32, 33

, and 

quinolone
34, 35

 derivatives that show specific behavior towards metal ions. Selectivity majorly 

depends on the structure of the receptor.  

Complexation of the receptors with target species is caused by a variety of factors such as 

chirality, form, geometry, and size of the ion.
36

 Besides these factors, the coordination sphere 

is ideal for ion detection due to the proper arrangement of the donor atoms and their 

flexibility. The solvent medium and its polarity play an important role in imparting stability 

to the formed complex.
37

 Considering all these factors, Crown ethers, spherands, cyptands, 

and podands are proved to be the most prominent receptors in coordination or host-guest 

chemistry (Fig. 5). These receptors have a stereoelectronic arrangement of binding sites that 

are complementary to the size of the target species. They are capable of detecting both 

cations and anions. Depending on the shape of ionophore, they may be categorized into 

cyclic, acyclic, hemispherical, and ring-shaped ionophores.
38, 39

  

Crown ethers are polyethers that contain ethyleneoxy as repeating units, i.e. –CH2CH2O, as 

discovered by Pederson in 1967.
40

 Since it has a proper arrangement of 12 carbons and 6 

oxygen atoms, 18-crown 6 is a perfect example of the crown ether category.  

Podands are acyclic open chained analogs of crown ethers. They are also known as 

multidentate organic ligands because they come in a wide range of chains from single 

chained to multi-armed ligands.
41

 Because of their low stability constant, podands are called 

poor ligands. Their binding efficiency can be increased by adjusting their conformation to a 

more ordered state.  

Crpytands are macro heterocycles that are three-dimensional bi- and polycyclic. They are 

made by replacing the oxygen atom with a nitrogen atom in the monocyclic crown ethers 

structure. They have excellent selective behavior against a specific target species due to the 

rigidity of the structure.
42

   

Spherands are made up of six donor oxygen atoms arranged in an octahedral pattern. They 

have high binding energy and can form complexes with metal ions. Besides ether linkage, the 

-NH fragment in the receptor backbone is also essential. In supramolecular self-assembly, it 

induces intramolecular hydrogen bonding interactions.   
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Fig. 5 Structure of aromatic receptors                         

1.2.2 Classification of chemical sensors based on transducer unit 

The response signal produced by the interaction between receptor and metal ions is captured 

by a transducer device. Several devices are used to process signals such as potentiometric, 

voltammetric, thermal, and optical transducers. As a result, the productions of transducers 

that can detect physical, chemical, and biological signals are important. Transducers can be 

divided into the following categories based on their operating theory.   

(1) Optical transducers: They are the instruments that turn the analyte-receptor interaction 

into an optical signal. More versatility and miniaturization are possible with these 

devices. They are further divided into subcategories based on the optical properties 

used in chemical sensors.  

(a) Absorbance: It is calculated in a clear solution. It is triggered by the analyte’s 

absorptivity or by its reaction with an indicator.   

(b) Fluorescence: The analyte is irradiated with a suitable wavelength, which causes it. It 

is determined by the positive emission effect and, in some cases, fluorescence 

quenching, which is the foundation of such devices.  

(c) Reflectance: It is normally tested in a non-transparent medium with an immobilized 

indicator.  

(d) Light Scattering: These instruments are focused on the effects of particle size in the 

sample solution.  
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(e) Optothermal effect: It is based on a sample’s absorption of light and then results in 

thermal effects.   

(f) Refractive index: This allows for the measurement of changes in the solution’s 

composition. Surface plasmon resonance effect may be one of them. 

(g) Luminescence: It works by measuring the intensity of light released by a chemical 

reaction in the receptor system.  

(2) Electrochemical transducers: These are used to convert an analyte’s interaction with 

the target species into an electrochemical useful signal. Electrochemical transducers 

have been used in the development of most analytical sensors because they are 

inexpensive and easy to construct. Electrochemical techniques include the following 

subgroups: 

(a) Potentiometric: At zero current, the emf or potential of a cell is determined. The 

emf that is measured is proportional to the substance’s logarithmic 

concentration.
43

  

(b) Voltammetric: Current is calculated by varying the potential with this tool. The 

potential is applied before the sample’s oxidation/reduction is determined. The 

height of the current peak can be used to assess the analyte’s concentration.
44

  

(c) FET-based transducers: It is miniaturization of the said techniques on a field-

effect transistor based on a silicon chip. It’s often used in potentiometric sensors, 

but it won’t work with voltammetric ones.
45

  

(d) Conductometric: The changes in electrical conductivity of the solution are 

measured using this technique. Charges in electrical conductivity are caused by 

changes in the sample’s composition.
45

 

(3) Thermal sensor: When any chemical or biochemical process occurs, the change in 

heat (absorption/release) is registered. Sensitive thermistors are used for this, and the 

volume of analyte to be analyzed could be linked to them.   

(4) Pizo-electric devices: This system is linked to surface acoustic waves. Electric current 

is produced by vibrating crystals in these devices. If mass of the material is adsorbed 

on the device’s surface, the frequency of vibration changes, which is determined by 

the device.  

Among all the above mentioned techniques, our work is mainly based on the optical and 

voltammetric techniques. Therefore, these techniques are discussed in details in next section.   
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1.3 Techniques used for chemical sensing 

1.3.1 Spectrophotometry 

Spectrophotometry is a technique for determining the quantitative composition of a chemical 

substance. It is used in chemistry, physics, clinical, materials, and chemical engineering, 

among other areas. It gives us quantitative information about how much a chemical material 

absorbs light by calculating the strength of light corresponding to the beam of light passing 

through the solution. The concentration of a known compound in a solution is determined by 

this calculation. Over a certain wavelength range, any compound exhibits absorbance and 

transmittance. 

Single beam and double beam devices are the two main types of devices. A double beam 

spectrophotometer analyses the light intensity of two light channels, one of which contains a 

reference sample and the other of which contains a test sample. Before and after a test sample 

is introduced, a single-beam spectrophotometer detects the relative light intensity of the 

beam. Single-beam instruments can have a higher dynamic range and are optically simpler 

and more compact, even though comparison measurements from double-beam instruments 

are easier and more stable. Furthermore, due to practical reasons, some specialist instruments, 

such as spectrophotometers incorporated into microscopes or telescopes, are single-beam 

instruments. 

1.3.2 Spectrofluorimetry 

The spectrofluorimetry technique, which is a form of electromagnetic spectroscopy, is used to 

analyze the fluorescence of a sample. In this procedure, a sample containing solution is first 

excited from its ground state by absorbing a photon, and then de-excited by colliding with 

another molecule, returning to the ground state. The Jablonski diagram depicts the entire 

operation. The light source used in spectrofluorimetry is usually ultraviolet light, which is 

responsible for electron excitation and emission of visible light; however, this is not always 

the case. 

The physics of fluorescence is complicated by the various electronic and vibrational states in 

which fluorophores might dwell. Multiple vibrational states can be found in an electrical 

state. Photons with energy in the ultraviolet to blue-green spectrum can cause an electronic 

transition from the ground state's lowest vibration to one of the vibrational levels of a higher 

electronic excited state. The fluorophore molecule relaxes into the lowest vibrational level of 

the excited electronic state as soon as the energy input from the photon (in other words, 
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excitation) stops. The fluorophore stays in this state for a short period (about 10 nanoseconds, 

or the fluorescence lifetime) before returning to the electronic ground state. Fluorescence 

emission is a release of energy linked with this return to the ground state. 

1.3.3 Electroanalytical sensing 

Different characteristics such as electric current, resistance, and potential are used to monitor 

the electric responses in analytical procedures. The electrochemical analysis is primarily 

divided into two categories. 

Interfacial methods: They produce a signal in response to phenomena that occur at the 

electrode surface/solution contact. Essentially, it shows the presence of a secondary unit, such 

as analyte, at the electrode surface, either directly or indirectly. Based on current fluctuation, 

this method might be dynamic or static. The static interfacial approach is used to study events 

that occur when there is no electric current. The redox reaction is noticed in the dynamic 

approach due to the electron transfer process. 

Non-interfacial approach: This method provides data on the properties of the entire 

solution. Conductometric measurement, for example, is a non-interfacial approach since it 

measures the concentration of the entire solution. 

The electroanalytical determination of analyte using sensors can be accomplished using the 

interfacial dynamic approach. Importantly, depending on the regulated and measured 

parameters employed throughout the mode of operation, the interfacial approach can be 

related to coulometric, potentiometric, conductometric, and voltammetric determination. 

Current and potentiometry sensors, as well as potential measurement, are used in 

conductometric sensors. Current is measured as a function of voltage applied to the electrode 

surface in a voltammetric sensor. As a result, the voltammetric method is the most 

appropriate because current-potential characteristics reveal the analyte's redox behavior. 

Voltammetric determination is a highly selective, sensitive method that may also be used on 

the go. So, in our research, we primarily looked towards voltammetric sensors for ion 

sensing. 

Voltammetry  

Voltammetry is a technique for calculating current at the electrode surface at a constant or 

changing potential.
44 It is made up of a three-electrode setup. It entails the investigation of an 

analyte’s oxidation and reduction potential to determine its electrochemical activity. It offers 
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qualitative and quantitative information about the analyte in addition to redox activity. It aids 

in determining the number of electrons involved in each step, as well as mechanistic and 

kinetic parameters and the adsorption process on the electrode's surface. 

The potential is changed freely, either step by step or continuously, with the current value as 

the dependent variable. Amperometry, on the other hand, is conceivable but uncommon. The 

curves' shape is determined by the rate of potential variation (the driving force) and whether 

the solution is agitated or not (mass transfer). Most studies measure the current produced by 

controlling the voltage (volts) of an electrode in contact with the analyte (amperes). 

Electrochemical cell 

It is a three-electrode device with working electrode, counter electrode, and reference 

electrode used in this setup (Fig. 6). The three electrodes are connected to an energy source 

that contains a potentiostat, which is a specially designed circuit.
46, 47

 

The potential between the working electrode and the reference electrode is pulsed from an 

initial potential to an interlevel potential, where it stays for around 5 to 100 milliseconds 

before changing to a final potential that is distinct from the starting potential. The pulse is 

repeated, changing the end potential, and the initial and interlevel potentials are preserved at a 

constant difference. Before and after the pulse, the current between the working electrode and 

the auxiliary electrode is measured, and the differences are shown against potential. 

 

Fig. 6 Three electrode system 

Working electrode 

The working electrode in an electrochemical system is the electrode on which the reaction of 

interest is taking place. In a three-electrode system, the working electrode is frequently 

utilized in conjunction with an auxiliary electrode and a reference electrode. The working 
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electrode is classified as cathodic or anodic depending on whether the reaction on the 

electrode is a reduction or oxidation. Both organic and inorganic materials are analyzed using 

chemically modified electrodes. 

It is a polarised electrode that conducts an electrochemical reaction. The reaction takes place 

at a constant potential concerning the reference electrode. The working electrode is made of 

redox-inert material and should be kept as clean as possible. Inert metals such as gold, silver, 

or platinum, inert carbons such as glassy carbon, boron-doped diamond, or pyrolytic carbon, 

and mercury drop and film electrodes are all common working electrodes. Mechanical 

polishing with alumina slurry is a common method for cleaning platinum and gold electrode 

surfaces.
48, 49

 

Reference electrode 

The potential of the reference electrode remains constant throughout the experiment. 

Commercially available reference electrodes include saturated calomel electrode, standard 

hydrogen electrode, and Ag/AgCl electrode. Non-aqueous solution using silver electrode 

dipped in solution is called Ag/Ag
+
.
50

  

A redox system with constant (buffered or saturated) concentrations of each redox reaction 

participant is frequently used to achieve excellent electrode potential stability. Reference 

electrodes can be utilized in a variety of ways. The easiest method is to employ the reference 

electrode as a half-cell in the construction of an electrochemical cell. This enables the other 

half cell's potential to be determined. It is yet to be created an accurate and feasible method 

for measuring an electrode's potential in isolation (absolute electrode potential). 

 Counter electrode 

The electric circuit of electrochemical cell is completed by adding a counter electrode to the 

device. It allows current to flow between the working and counter electrodes and acts as a 

source of electron flow. Because of its inert nature, platinum wire is used as a counter 

electrode.
51

  

When electroanalytical chemistry is performed with a three-electrode cell, the auxiliary 

electrode, along with the working electrode, forms a circuit over which current is either 

applied or measured. The auxiliary electrode's voltage is normally not measured and is 

changed to balance the reaction occurring at the working electrode. This design allows the 

working electrode's potential to be compared to a known reference electrode without 

jeopardizing the reference electrode's stability by flowing current through it. 
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A glass frit can be used to separate the auxiliary electrode from the working electrode. By 

isolating the auxiliary electrode from the main test solution, any byproducts generated at the 

auxiliary electrode are prevented from contaminating the main test solution. For example, if a 

reduction is performed at the working electrode in an aqueous solution, oxygen may be 

released from the auxiliary electrode. During the bulk electrolysis of a species with reversible 

redox activity, such separation is critical. 

Supporting electrolyte 

Supporting electrolyte, also known as inert electrolyte, is made up of non-electroactive 

chemical compounds. It functions within the context of possibilities. It has a high ionic 

strength relative to electroactive species, and its concentration is a hundred times higher, 

allowing it to fully suppress migration effects.
52

  

Inert electrolyte or inactive electrolyte are other terms for supporting electrolytes. When 

controlling electrode potentials, supporting electrolytes are commonly utilized in 

electrochemical experiments. This is done to boost the solution's conductivity, reduce 

electroactive species movement via ion migration in the electric field, maintain consistent 

ionic strength, and maintain stable pH, among other things. 

Many direct electrochemical procedures are not only costly and time-intensive, but also 

necessitate the use of specialized instruments, laborious sample preparation, and dexterous 

handling. Linear sweep voltammetry, cyclic voltammetry, and differential pulse voltammetry 

are the most widely used voltammetry techniques (DPV). All of these methods use a three-

electrode device to calculate current with a fixed or variable potential.  

We majorly focused on the differential pulse voltammetry selective and sensitive detection of 

the target species. This is also useful for the onsite detection of the analyte and more 

importantly for metal ions that are involved in biological samples. Since DPV is the 

technique used in the analysis, it will be addressed in depth. 

Differential pulse voltammetry  

Differential pulse voltammetry is used to assess the number of electroactive species present at 

a trace level in an organic or inorganic sample. Potential is screened using this method, which 

uses a series of periodic pulses superimposed on a linear potential ramp (Fig. 7). Current is 

measured at two points: when the pulse starts and when the pulse finishes. The actual 

difference between these two points is calculated and plotted against the potential. Peak-

shaped voltammograms are observed due to double sampling. The distance of the peak is 
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used to calculate electron stoichiometry.
53

 Half-wave potential (E1/2) is utilized in DPV to 

determine peak potential (Ep). Peak potential deviates from E1/2 as the peak base broadens and 

the height of the peak diminishes. The difference between measured current and applied base 

potential is displayed. The advantage is that even at concentrations as low as 0.05 µM, an 

observer may detect analyte. 

 

Fig.7 Voltage-time graph for differential pulse polarography 

1.4 Need for chemical sensor 

Identification of environmentally and biologically significant organisms has gotten a lot of 

attention because accurate detection of these analytes offers crucial details on how they 

should be disposed of in the ecosystem.
54-56

 The employment of multiple ionic species has 

increased in diverse disciplines such as biology, medicine, catalysis, physiological processes, 

mining, and agriculture as the modern period progressed. Indeed, they play an important role 

in physio-chemical processes in living organisms as well as industrial activities. Many items 

that make life easier can also be associated with hazardous ingredients that have negative 

consequences for the living world. VOCs as a component of petroleum products, 

formaldehyde in paints, and heavy metal ions such as lead, copper, and zinc are just a few 

examples of potentially dangerous materials. In terms of anions, chlorides, fluorides, nitrites, 

etc. are used in clinical treatments, environmental samples, and fertilizers, etc. As a result of 

daily use of harmful element-containing materials, these compounds may be released into the 

ecosystem, causing contamination in both aquatic and terrestrial habitats. Furthermore, the 

above-mentioned contaminants can come into touch with living beings through industrial 

processes, food chains, occupational disclosure, and water sources.   

Focusing on metal ions, certain metals (Hg (II), Pb (II), Cd (II), and others) are highly 

dangerous to mankind and the environment, and are referred to as heavy metal ions, while 

others (Cu (II), Zn (II), and Mn (II)) are essential for human growth but only up to a certain 
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concentration. Metals are essential not only for human survival but also for the growth of 

plants and aquatic animals also. Some metal ions' functions are summarised below. 

Aluminium is a stable metal that does not affect biological processes. In acidic conditions, it 

is easily absorbed by plants and animals in the soluble form produced by rocks and soil. 

Furthermore, an abnormally high level of aluminium in the body can lead to a variety of 

disorders, including Parkinson's disease, pulmonary dysfunction, renal failure, inflammation, 

and bone softening. Aluminium intake is roughly 7 mg/kg of body weight per week. 

According to the World Health Organization, daily intake for an average human should not 

exceed 3-10 mg.
57, 58

 

Zinc is an essential component of numerous biological processes, including DNA synthesis, 

gene transcription, microtubule polymerization, and serving as a cofactor in metalloproteins. 

An imbalance in zinc concentration, on the other hand, can lead to a variety of problems, 

including neurological problems, immunological weakness, and growth retardation. Zinc is 

also utilized in paints, pharmaceutical industries, electroplating, chemical manufacture, and 

other applications. If these industries' waste is released into the environment, it can have 

phytotoxic consequences by reducing microbial activity.
59 Copper is required for a variety of 

biological functions, including the synthesis and release of enzymes and proteins, the 

development of the heart, kidneys, and brain, and the formation of red blood cells, among 

others. It also aids the immune system's optimal functioning. A high copper content, on the 

other hand, can lead to significant disorders such as Wilson's disease, leucopenia, and 

myelodysplasia.
60

 Cobalt, an essential component of vitamin B12, aids nerve cell function 

and the production of genetic components. Cobalt toxicity, on the other hand, can harm the 

lungs, impair the cardiovascular and gastrointestinal systems, and increase thyroid activity.
61

 

On the other hand, anions also have functions and significance in biological, environmental, 

and chemical processes. Because fluoride ions are beneficial to dental health, they are found 

in toothpaste and drinking water. It's also used to treat osteoporosis, and Teflon, a fluoride-

based compound, is a common component of household and industrial items. However, 

higher fluoride concentrations can produce fluorosis or an increase in bone density.
62

 

Chloride is mostly used to trace landfill leakage and monitor the presence of pollutants in 

natural water reservoirs. Maintaining bodily fluid is also beneficial. Hyperchloremia and high 

blood pressure can be caused by an increase in chloride ions in the human body.
63 Cyanide is 

used in a variety of industries, including electroplating, mining, and the manufacture of 

organic materials. Excessive and surplus cyanide leakage can have serious consequences and 
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is exceedingly harmful to living things.
64

 Nitrate ions can be found in a variety of places, 

including fish farms, aquaculture waste products, and agriculture. 

Since both cations and anions have distinct roles to perform, developing chemosensors for 

trace-level detection of both cations and anions is a burgeoning field of chemistry. 

Chemosensors are an effective method for determining these cations and anions due to their 

ease of synthesis, efficient interaction with metal ions, and water solubility. The signal 

obtained from the chemosensor was reported using a range of traditional techniques, but in 

recent years, spectroscopic and voltammetry techniques have proven to be highly effective 

tools due to the ability to detect target metal ions with the naked eye, without the use of 

expensive equipment, on-site detection, and lower detection limit.  

From the discussion, it can be deduced that these ions play vital roles in a variety of 

disciplines and can cause unintended environmental release. Recognizing and assessing 

distinct ions in diverse matrixes for trace levels becomes essential, as unregulated amounts 

will have damaging effects. As a result, many researchers are concentrating their efforts on 

developing simple, sensitive, and cost-effective analytical techniques that may be utilized for 

on-site ion monitoring. 

Phenyl ether and phenyl amine-based moieties have recently been shown to be effective 

chemosensors for detecting metal ions and anions. Both phenyl ether and phenylamine give 

the receptor molecule rigidity and versatility. Keeping the cavity size constant, a good 

combination of ethereal oxygen, hydroxyl group, and substituted amine linkage is crucial in 

the selective detection of target species. It is suggested that a series of triphenylether and 

triphenylamine-based receptors have been investigated with varying numbers of hetero atoms 

in the molecules. They are well-structured ionophores with the ability to detect cations, 

anions, and amino acids at a trace level. It would be fascinating to describe receptor output in 

terms of hetero atom variance in the cavity of the receptor. The chemical sensor's efficiency 

was improved by improving the solvent system, allowing it to detect target ions more 

accurately and expand its use in environmental, biomedical, and routine sensing of heavy 

metal ions and toxic anions using spectroscopic and voltammetry techniques. 
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1.5 Triphenylether and triphenylamine molecule as receptor unit 

While a large number of aryl rings with hetero atoms (O, N, S) have been published in the 

literature, only a few have been used for complexation with cations or anions. By properly 

arranging the hetero atoms and adjusting the flexibility/rigidity of the donor atoms, the 

ligand’s behavior, such as selectivity and specificity, can be altered. Neutral macrocyclic 

ligands have been shown to have high sensitivity to cations and anions. The development of 

such chemosensors is a large and rapidly expanding field of chemistry. Pederson was the first 

one to prepare macrocyclic polyethers with an ether linkage.
40

 Because of the oxygen atom, 

the receptor showed selective behavior only for alkali and alkaline earth metals. As nitrogen 

or sulphur are incorporated into the receptor, it becomes vulnerable to transition metal and 

alkali metal ions, respectively. 

We have synthesized phenyl ether and phenylamine derivatives for the selective detection of 

cation/anions, keeping the above-described advantages of aryl ether in mind. We tried to 

explore the properties of aryl ethers by varying solvent media and other parameters because 

there hasn’t been much work done on them. The ether linkage between two phenyl rings 

provides rigidity to the basic structure. Also, replacing one of the hetero atoms with a large 

aromatic ring increases the molecule’s versatility. With different hetero atom environments 

and cavity sizes, the phenyl ether/amine would be a stronger receptor due to its combination 

of flexibility and rigidity. Because of the optical and electroanalytical properties of ether and 

amine linkages, aryl ether-based molecules have been suggested as cation and anion probes. 

Additional modifications to these molecules, such as increasing the number of hetero atoms 

and modifying the solvent system, have assisted in the entrapment of metal ions and exhibit a 

range of biological applications. 
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Chapter 2 

Literature Survey 

The identification of environmentally and biologically significant organisms has got a lot of 

attention because accurate detection of these analytes offers crucial details on how they 

should be disposed of in the ecosystem. Sensors based on small organic molecules have 

proven to be an effective tool in this regard due to their advantages of ease of synthesis, wide 

applicability, and low cost. From this perspective, current interest is based on organic sensors 

with high stability, excellent environmental tolerance, and emission wavelength/near-infrared 

excitation. The identification of analytes using a receptor molecule is done using a variety of 

analytical techniques. Spectrophotometric and electrochemical techniques are the most 

important for determining the optical and electrical changes in the receptor solution among 

other available techniques. This is because they are simple to manage and run, cost-effective, 

and provide real-time applications.
1-4

 Recent publications from professional journal papers 

were used to determine the existing state of information. 

In comparison to other approaches, fluorescence signalling is one of the primary choices 

because to its functional simplicity, real-time detection, and high sensitivity. Chemosensors 

that demonstrate fluorescence increase by interacting with the target analytes are more 

effective because there is less chance of erroneous signals. Hard donor sites like N and O 

should be preferred in the coordination sphere for developing selective fluorescence 

chemosensors for metal ions. As a result, the majority of reported sensors have nitrogen and 

oxygen donor sites. A variety of signal mechanisms, including as photo-induced electron 

transfer (PET), intramolecular charge transfer (ICT), electronic energy transfer (EET), and 

resonance energy transfer (RET), have been employed to produce efficient fluorescent 

systems to detect ions based on photophysical processes. To introduce the above-mentioned 

photophysical mechanisms, various sorts of non-covalent interactions between the 

chemosensor and metal ions are used. In addition, new sensing mechanisms for the detection 

of ions have evolved in recent years, such as aggregation-induced emission (AIE), C=N 

isomerization, and excited-state intramolecular proton transfer (ESIPT). Some of the 

mechanisms have been defined here that are used to propose sensing mechanism for both 

cations and anions. 
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PET (Photo-induced electron transfer) based interaction 

The fluorophore is usually coupled by spacer to an ionophore unit with a non-bonding 

electron pair in PET phenomenon-based sensors. During the excitation of a fluorophore, an 

electron from the lowest unoccupied molecular orbital (LUMO) moves to the highest 

occupied molecular orbital (HOMO), undergoes charge recombination, and returns to the 

ground state, emitting fluorescence.  

If the HOMO orbital of another component of the molecule, such as the ionophore, has 

energy between the energy levels of the fluorophore, then electron transfer from the 

ionophore's HOMO orbital to the fluorophore's half-occupied HOMO occurs, resulting in 

non-radiative decay and fluorescence quenching. In the bonded state with a guest molecule, 

however, the energy of the HOMO of the ionophore is lower than that of the fluorophore due 

to increased redox potentials. The electron transfer is limited by this process, which allows 

the fluorophore to glow (Fig. 1). 

 

Fig. 1 PET process in chemosensor 

ICT (Intra-molecular charge transfer) based interactions 

Fluorophores and ionophores are directly coupled in ICT-based sensors, resulting in a single 

species. In ICT-based sensors, these two capabilities act as either an electron donor or an 

electron acceptor. In this system, the sensor's HOMO has electron density near the electron-

donating group, while the sensor's LUMO has electron density near the electron-acceptor 

group, resulting in dipoles with ICT from the donor to the acceptor unit upon excitation. 

However, when a guest species is complexed with either the donor or acceptor component, 

the dipole strength of the donor-acceptor species changes, resulting in a change in 

photophysical behaviour. The interaction of the guest with the donor component causes the 
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donor's electron-donating character to decrease, resulting in a blue-shift in the emission 

spectrum. When the acceptor group interacts with the guest species, the acceptor group's 

electron-withdrawing nature increases, resulting in a red-shift in the emission spectrum (Fig. 

2). 

 

Fig. 2 ICT process in chemosensor 

RET (Resonance energy transfer) based interactions 

Resonance energy transfer (RET) is a photophysical process in which an excited chemical 

moiety transfers its excitation energy in a non-radiative manner to a nearby chemical moiety, 

which then releases energy in a radiative manner. An energy donor-acceptor pair is a pair of 

molecules that interact in such a way that RET occurs. In general, the energy transfer is 

determined by the distance between the donor and acceptor components, as well as the level 

of spectral overlap between the emission and absorption spectra of the donor and acceptor 

components (Fig. 3). 

 

Fig. 3 RET process in chemosensor 
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C=N isomerization based interactions 

The investigation of photophysical characteristics of conformationally constrained molecules 

led to the discovery of the C=N isomerization mechanism. C=N isomerization has been 

discovered to be a nonradiative decay process of excited states in compounds, making it non-

fluorescent. The complexation of metal cations can impede this non-radiative activity, 

providing a means to create fluorescent-sensing molecules (Fig. 4). 

 

Fig. 4 ICT process in chemosensor 

ESIPT (Excited-state intramolecular proton transfer) based interactions 

ESIPT is a phenomena that happens in fluorophores that may transfer proton between two 

locations of the molecule, such as keto-enol tautomers. In such systems, the ground state 

tautomer differs from the excited state tautomer. Intramolecular hydrogen bonding stabilises 

the enol-form in its ground state. The excited enol-form is promptly transformed into the 

excited keto-form by the transfer of a proton after excitation, resulting in an emission band 

with a longer wavelength than expected without the process. After that, the keto-form decays 

to the ground state and reverts to the original enol form via reverse proton transfer (Fig. 5). 

 

Fig. 5 ESIPT process in chemosensor 
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AIE (Aggregation induced emission) based interactions 

AIE active sensors are propeller-shaped, with rotatable phenyl rings connected to the central 

core by a C-C connection with analyte-specific functional groups. In the solution phase, these 

rotors are active, allowing the energy of approaching photons to be dissipated via a non-

radiative pathway, making the molecule non-luminescent or less luminous (Fig. 6). 

 

Fig. 6 AIE process in chemosensor 

2.1 Cation Sensors 

When it comes to cations, they can be present in the earth's crust in both their natural and 

composite states, with varying amounts. Some metals (Hg (II), Pb (II), Cd (II), and others) 

are extremely hazardous to mankind and the environment and are referred to as heavy metal 

ions, while others (Cu (II), Zn (II), and Mn (II)) are needed for human growth (up to a certain 

concentration). Metals are essential not only for human survival but also for the growth of 

plants and aquatic animals. Even critical metals become a pollutant to humans, soil, and the 

atmosphere above a certain concentration. As a result, their fast identification in various 

matrices is crucial.
5, 6

 Selective determination of these cations by artificial receptors has 

attracted considerable interest. A wide variety of organic receptors are present in literature 

which different mechanisms or interactions to establish the selective binding between 

receptor and cations. 

To detect alkali, alkaline earth metals, and transition metals, there is a wide body of literature 

that uses spectrophotometric and electrochemical techniques to detect cations. 
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2.1.1 Spectrophotometric method 

Carbon Quantum Dots (CQDs) based sensors for metal detection 

Carbon quantum dots (CQDs) have piqued the interest of many scientists around the world in 

recent years due to their numerous applications in (chemical/biological) sensors, energy 

storage, optoelectronics, biomedical applications, and photocatalysis.
7-9

  

Fu et al. (2017)
10

 have used a one-pot hydrothermal synthesis method to make rhodamine 

coupled CQDs. It's a dual emission ratiometric probe that can detect Hg (II) ions as well as 

glutathione (GSH). CQD-RhB displayed no fluorescence in the absence of metal ions, but 

when Hg (II) ions were added, the probe became strongly fluorescent. CQDs with an amino 

group have been updated by Wang et al. (2017)
11

 for the precise detection of Cu (II) ions. 

The interaction of amino groups with Cu (II) ions allows the d-orbital of Cu (II) to break, 

resulting in heavy fluorescence quenching of CQDs. 

Using aminosalicylic acid as a precursor, Song et al. (2017)
12

 produced a new form of bright 

and color-tuneable CQDs. These CQDs were also doped with nitrogen to tune the 

photoluminescence emission. The resulting NCQDs were used to detect Fe (III) at 623 nm 

with a detection limit of 0.52 M using a „'turn off" mechanism. NCQDs have also been 

identified as a fluorescent chemosensor for Fe (III) ions by Wu and colleagues (2017)
13

 

When NCQDs were bound with Fe (III) in an acidic medium, the fluorescence intensity at 

436 nm was quenched with a detection limit of 0.21 nM. Singh and colleagues (2018)
14

 used 

a one-step hydrothermal process to create nitrogen and phosphorus-doped CQDs. These N, P-

CQDs, which were synthesized, exhibited optical properties in both sunlight and UV light. 

They act as “on-off” fluorescent probe that uses a static quenching mechanism
15

 to detect 

toxic Cr (VI) ions.  

Sulphur doped CQDs were synthesized by Du et al. (2020)
16

 and these S-CQDs showed a 

selective response to Fe (III) ions compared to Fe (II) ions. Fluorescence quenching was 

observed in S-CQDs as the concentration of Fe (III) ions increased. The detection limit was 

determined to be 0.050 M, with linear behavior from 0-200 M. To boost the optical properties 

of the nanoparticles, Han et al. (2018)
17

 added Fe (II) metal to the CQDs. On excitation at 

455 nm, Fe-CQDs detected Zn (II) ions and histidine. In terms of naked eye behavior, 

fluorescence changes from blue-pink and pink-blue-pink for Zn (II) and histidine, 

respectively. For Zn (II) ions, ratiometric fluorescence behavior was observed. 
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Schiff base as chemical sensor for the detection of metal ions 

Schiff bases are widely used chemosensors due to their unique properties such as (i) the 

Schiff base is synthesized with water as a by-product, which is needed for the fabrication of 

certain reactors and sensors, (ii) the Schiff base undergoes an n-π* transformation due to 

C=N bonds, which gives it auto-fluorescent properties, and (iii) they have an extraordinary 

property of reversibility with changing pH values. This is an important property for pH-

triggered drug release. All of these characteristics contribute to the Schiff base's excellent 

optical/fluorescent behavior in the detection of metal ions.
6, 18

 

Harathi group (2020)
19

 synthesized two Schiff bases (2.1&2.2). Both probes were used to 

detect Fe (III) ions in solvent mediums of 10: 90:: THF: H2O and 40: 60:: THF: H2O, with 

detection limits of 0.163 M and 3.99 M, respectively. Spectrophotometric response of the 

receptor was supported by electrochemical technique (Differential Pulse Voltammetry). The 

proposed sensing mechanism was corroborated with DFT studies. Xie et al. (2020)
20, 21

 

developed a Schiff base for the selective detection of Cu (II) ions using the ESIPT 

mechanism. Under sunlight, the color of the probe changed from colorless to yellow 

following optical detection, indicating 1:2 stoichiometry. 

 

2.1                                                              2.2 

Patra et al. (2018)
22

 used the ESPIT mechanism to synthesize a Schiff base (2.3) with 

fluorescence off properties. Under UV light, the probe operated as a multiple analyte 

detector, detecting all analytes with the naked eye. The presence of Zn (II) and Al (III) 

inhibits the C=N isomerization and hence both chelation enhance fluorescence and excited-

state intermolecular proton transfer process play a key role in the enhancement of intensity. A 

single probe has detected Al (III), Zn (II), and F
-
 ions with a detection limit of 2.24x10

-7
 M, 

4.1x10
-8

 M, and 3.7x10
-8

 M, respectively. Structural changes of both receptor and complex 

are determined by density functional theory and time-dependent density functional theory. 
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2.3 

A novel optical/fluoro chemosensor has been developed for the detection of Cu (II) ions by 

Suleh et al. (2017)
23

 Polyvinyl chloride was used to make a sensor film of the Schiff base. 

The CHEF mechanism was found to be responsible for the film's optical behavior, with a 

detection limit of 1.1x10
-8

 M. The EDTA solution was used to make the sensor reversible. 

Kumar group (2018)
24

 synthesized a Schiff base (2.4) for the detection of Al (III) ions 

selectively. The probe was non-emissive before the addition of Al (III), which caused the 

fluorescence to turn on and was visible under UV light. 

 

2.4 

Miscellaneous compounds for the detection of metal ions 

Other than CQDs and Schiff base, a large variety of chemosensors are being synthesized as 

well as successfully employed to detect metal ions. Some other chemosensors such as 

pyrazole, squaraine, quinoline, dansyl, and rhodamine, etc. are going to be discussed because 

of their naked eye detection, easy synthesis, and real-life applications. Also, some of these 

chemosensors act as multi-analyte sensors because of their simultaneous detection of cations, 

anions, and biomolecules.   

Squaraine dye is quite suitable for designing metal ion chemosensors as they have tunable 

properties according to temperature, pH, solvent system, and other additives. Squaraines 

consist of four potential binding sites i.e. two nitrogen atoms of aniline moiety and two 

oxides at electron-deficient cyclobutene ring. Therefore, it can bind two metal ions and 

enhance its optical properties. 
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 Squaraine-based, multi-response chemosensor 2.5 was developed by Sun et al. (2017)
25

. The 

sensor exhibited response for Al (III), Zn (II), and Cd (II) in ethanol-water buffer solution. 

Using UV–VIS, fluorescence, mass spectra, and 
1
H NMR techniques, a mechanism of 

binding was established, which follows that the addition of metal ions leads to inhibition of 

C=N isomerization (cis-trans), and hence, chelation enhanced fluorescence took place. 

Furthermore, the probe could restore the Aβ1–42-Al complex in Alzheimer's disease, which 

can ultimately, provide a better biological understanding for developing a treatment of 

Alzheimer's disease. Another squaraine-based molecule that showed selective detection for 

Cu (II) ions in acetonitrile was synthesized by Liu et al. (2018)
26

 Color of the probe changes 

from blue to faint yellow in the presence of Cu (II) ions with a detection limit of 

1.88x10⁻⁷ molL⁻1
. Also, paper strips were constructed which detect metal ions up to the 

concentration of 1x10⁻⁶ molL⁻1
. 

 

2.5 

Pyrazole-based molecules exhibit excellent character among the azole family. Pyrazole, 

having both electron-donating and accepting character and its substituted derivatives is 

widely studied due to high fluorescent quantum yield, solvatochromic behavior, and optical 

properties.   

Following the hetero atom environment of pyrazole, a new sensor 2.6 was developed by Zhu 

et al. (2020)
27

 based on the pyrazine moiety for the selective detection of Co (II) ions. The 

recognition process showed color variation from colorless to blue fluorescence with the limit 

of detection of 0.104 μM (response time < 4 min). The mechanism of sensing was confirmed 

by HR-MS, FT-IR, and DFT calculations. Presence of Co (II) in the probe leads to restricting 

the rotation of C=N group and the pyrazine ring. Test strips were also prepared and were used 

for potential applications in water samples. With a good recovery of Co (II) (93 %) in water 

samples, it was also detected in HeLa cells by fluorescence imaging. 



29 
 

 

2.6 

Quinoline, a nitrogen heterocycle, has emerged as a potential chemosensor due to strong 

polarization and Π-Π
* 

transition. It exhibits striking coordination and strong fluorescence. 

Following that Song et al. (2019)
28

 have developed a new probe 2.7 by inserting an amide 

group into the 8-aminoquinoline and propargylamine chelating site. This quinoline-based 

sensor was used to detect Zn (II) and Cd (II) distinctly. Zn (II) was detected in almost 

complete water through the amide tautomer form of the probe. Cd (II) ions were detected in 

an aqueous acetonitrile medium through the imidic acid tautomer form of the probe. Also, Zn 

(II) was detected in mung bean sprouts through bioimaging.  

Due to chemical stability, large stokes shift, and high quantum yield, dansyl and its 

derivatives have proved to be an excellent chemosensor for metal ions. Wang et al. (2019)
29

 

have developed a chemosensor 2.8 based on the conjugation of dipeptide with the dansyl 

group. The probe was used to detect Zn (II) ions via the generation of monomer-excimer 

formation in aqueous solutions. This fluorescence turn-on complex was further used to detect 

Na2EDTA. The limit of detection of Zn (II) was reported to be 11.2 nM with emission change 

from light yellow to bright green. Another dansyl-based probe was synthesized by Li and 

coworkers (2019)
30

 constituting a naphthalene-1-sulfonamide/2-hydroxybenzaldehyde, for 

the detection of Pb (II) ions in acetonitrile medium. The probe proved to be a naked eye 

sensor as on addition of Pb (II) ions makes the solution yellow from colorless and under UV 

light emission intensity changes from green to light yellow. The limit of detection was found 

to be 23.2 ppb with an association constant of 7.68x10
8
 M

−1
. 

 

               2.7                                                                                                   2.8 
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Rhodamine, a fluorophore and chromophore (i.e. a fluorochrome), has piqued the interest of 

chemists because of its excellent photophysical properties, availability, longer wavelength 

emission, and high fluorescence quantum yield. Rhodamine comes in two isomeric forms: the 

ring closed form, which is non-fluorescent in nature, and the ring-opened form, which has 

different optical properties and higher fluorescence strength.
31, 32

 For the detection of metal 

ions, a variety of rhodamine-based sensors have been synthesized.       

Probe (2.9) was synthesized by Mondal et al. (2019)
33

 for the selective detection of Pb (II) 

ions in an organic aqueous medium. DFT studies showed that the original structure of the 

probe changed to amide form with the addition of Pb (II) ions. Under ambient light, the 

probe's color varies from colorless to pink. The color transition from colorless to orange 

when exposed to UV light.  

 

2.9 

Alam and coworkers (2017)
34

 developed a receptor that uses the chelation enhanced 

fluorescence (CHEF) mechanism to detect trivalent metal ions (2.10). In methanol/H2O (1: 1, 

v/v, pH 7.2), the probe detected Al (III), Fe (III), and Cr (III) ions, Al (III) complex showed 

reversibility with arsenate ion. For all three metal ions, a molecular logic gate was built and 

for the application purpose, bioimaging was performed on live cells. Tang and colleagues 

(2020)
35

 have produced two new fluorescent sensors for the selective detection of the Pd (II) 

ion in an aqueous medium. One probe is based on rhodamine, while the other is based on 

coumarin-rhodamine. Both the probes exhibit colorimetric and fluorometric responses to Pd 

(II) ions due to the opening of spirolactam rings of the receptors. The palladium-based sensor 

showed 70-fold enhancement in intensity while the rhodamine-based probe showed 1.75-fold 

ratiometric change. 
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2.10 

Maniyazagan et al. (2017)
36

 developed a rhodamine-based moiety (2.11) for the selective 

detection of Cd (II) ions. The receptor was non-fluorescent by itself, but the addition of Cd 

(II) ions increased the strength of the complex at 480 nm. The color of the solution changed 

from deep magenta to bright orange when exposed to UV light. Murugan and colleagues 

(2018)
37

 developed a probe (2.12) for the detection of two paramagnetic metal ions, Fe (III) 

and Cu (II). The addition of Cu (II) increased absorption at 529 nm, while the addition of Fe 

(III) increased fluorescence at 572 nm. Fe (III) ions were successfully detected in zebrafish 

embryos using the probe.  

 

2.11                                                                                2.12 

Diarylethene, a thermally stable and fast responsive chemosensor, based new photochromic 

sensor was developed by Wang et al. (2019)
38

 for the detection of Mg (II) ion in acetonitrile 

solution. Addition of Mg (II) leads to enhancement in fluorescence at 522 nm, with 1: 1 

stoichiometry. Fluorescent color change was observed from dark purple to green with a 

detection limit of 3.58x10
-7

 mol L
-1

. Benzocoumarin and its derivatives have tunable optical 

properties as they have different sites for substitution. A novel benzocoumarin derivative was 

synthesized by Liu and coworkers (2019)
39

. The probe proved to be a multiple analyte 

detector as it senses Zn (II), Cu (II), and S
2−

. Enhancement in fluorescence took place on the 

addition of Zn (II) ion in acetonitrile medium and in case of Cu (II) ions, fluorescence 
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quenching took place in aqueous ethanol solution. And S
2−

 ions were detected as a recovery 

of fluorescence of Cu (II) complex.  

2.1.2 Electrochemical methods for the detection of cations 

To understand the oxidative/reductive nature of the species as well as its behavior towards the 

target analyte, different types of electrochemical techniques are used. These are extensively 

used due to on-site monitoring, accuracy, cost-effective manner, simplicity, miniaturization 

capability, low instrumentation cost, and automation.
40-42

  

Frag et al. (2019)
43

 developed an organic molecule (2.13) namely methyl red for the 

detection of Al (III) ions in water and pharmaceutical samples. Electrode gave linear response 

in the range of 5.0x10
-6

-1.0x10
-2

mol/L with detection limit of 5.0x10
-6

 mol/L. Proposed 

method gave a stable response for up to 14 weeks. Kumbhat et al. (2018)
44

 have detected 

potassium ions from the solution using 4-aminobenzo-18-Crown-6 ether modified electrode. 

Host-guest interactions were recorded by CV, DPV, UV-VIS, and FTIR studies. Developed 

sensor was found to work well in the range of 1 μM-10 mM. Pudza et al. (2020)
45

 have 

modified a glassy carbon electrode with carbon dots and gold nanoparticles for the detection 

of Cd (II), Pb (II), and Cu (II) ions. Electrode worked well in the concentration range of 0.01-

0.27 ppm for all the heavy metal ions. The detection limit of the electrode was found to be 

0.0028, 0.0042, and 0.014 ppm for Cd (II), Pb (II), and Cu (II) ions, respectively.  

 

2.13 

Shishtawy et al. (2018)
46

 have developed an electrochemical sensor for the selective 

detection of Cd (II) ions by modifying the glassy electrode with a synthesized Schiff base 

(2.14). A thin film of Schiff base was fabricated on an electrode and linear response was 

obtained for Cd (II) ions within the range of 0.1 nM to 0.1 mM. The limit of detection and 

limit of quantification was found to be 1.62 pM and 106.67 pM, respectively. Khan et al. 

(2019)
47

 have synthesized carboxyl-functionalized nanowires which were then fabricated on 

glassy carbon electrode for the selective detection of Ce (III) ions. The probe worked well in 

a linear concentration range of 0.1 nM-0.01 mM with a detection limit of 96.03 pM. For 
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practical application, Ce (III) was detected in environmental samples as well as from toxic 

chemicals. 

 

2.14 

Arfin et al. (2019)
48

 used a solution casting method to fabricate a Pb (II) ion-selective system 

using polyaniline-zirconium (IV) iodate (PANI-ZrI) composite. Due to the presence of 

negative charge on the surface of ZrI, it displayed selectivity for the Pb (II) cation. To 

evaluate Pb (II) from urine samples, Frenandez et al. (2020)
49

 modified an electrode with 

high biocompatibility, excellent conducting capability, and a high surface-to-volume ratio are 

all achieved by the adsorption of gold nanoparticles on the electrode's surface. With a 99-

107% recovery rate, the proposed method was used to assess Pb (II) from spiked urine 

samples. Ali et al. (2017)
50

 used four Schiff base ionophores to create a plasticized carbon 

paste electrode. Via potentiometric and voltammetry reaction, the electrode showed a 

selective response to Co (II) ions. It followed the Nernstian response and could function in a 

broad pH range. This sensor was known to perform well over the ICP-AES process.  

Baghayeri et al. (2019)
51

 have developed a voltammetric sensor based on magnetic graphene 

oxide functionalized with poly (amidoamine) dendrimer for the selective recognition of Pb 

(II) and Cd (II) ions. The metal ion detection limit was discovered to be 6.2x10
-10

 M. Aqlan 

et al. (2019)
52

 announced the use of a tetradentate Schiff base ligand in the fabrication of a Pb 

(II) ion sensor with a binder/GCE electrode. In real environmental samples, the electrode was 

used to detect Pb (II) ions. Maleki et al. (2019)
53

 developed an electrochemical sensor that 

uses voltammetry technique to identify Cd (II) and Pb (II) ions using this sensor. Modifier 

amount, pH, supporting electrolyte, potential, and deposition time were all optimized. Under 

optimized conditions, the lower detection limits for Pb (II) and Cd (II) ions were found to be 

8.21x10
-10 

M and 1.8x10
-9 

M, respectively. 

Miao et al. (2018)
54

 developed an electrode for the detection of Hg (II) ions. Performance of 

electrode was improved by introducing multiwalled carbon nanotubes, resulting in a high 
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selectivity of the electrode for Hg (II) ions. The detection limit was discovered to be 4.1x10
-11

 

mol L
-1

. Hg (II) ions were successfully detected in seafood using the proposed electrode. 

Jeromiyas et al. (2019)
55

 reported a reusable electrode that was anchored with bismuth 

nanoparticles in order to improve its response towards the metal ions. Hg (II) ions were 

detected selectively using this system. Cyclic voltammetry and differential pulse voltammetry 

were used to investigate the relationship between Bi-nanocomposite modified SPE and Hg 

(II). With real-life detection in tap water, human serum, fish oil tablet, and urine samples, the 

limit of detection for Hg (II) was found to be 0.2 nM with a fabricated electrode. 

 

A Fe (II) ion-selective sensor (2.15) has been developed by Kumar et al. (2017)
56

 The 

electrode's output was enhanced after it was updated with multi-walled carbon nanotubes. For 

improved electrode efficiency, various factors such as the amount of ionophore, anion 

excluder, plasticizers, and multi-walled carbon nanotubes were optimized. It was also used to 

detect Fe (II) ions in real-life samples. Proposed interactions between analyte and target 

species were backed by DFT (2.16) studies. The same group has reported another 

potentiometric and voltammetric sensor for the detection of Cu (II) ions. The proposed 

ionophore worked well in the concentration range of 1.0x10
-7

–1.0x10
-1 

mol/L with a 

detection limit of 1.0x10
-7

 mol/L.
57

 

 

                            2.15                                                                             2.16 

Li and colleagues (2017)
58

 developed a system that favors Hg (II) ions over other cations. 

The proposed method was used to detect Hg (II) ions in tremella samples, with 99.8-103.4% 

recovery rate. The sensing mechanism was established using electrochemical response of the 

probe, quantum chemical computation, and X-ray photoelectron spectroscopy. A disposable 

voltammetric sensor for the detection of Fe (II) ions has been reported by Rana et al. 

(2018)
59

 Modification of SPE with Schiff base (2.17) was validated with SEM and EDX 

spectroscopy. Detailed voltammetric discussion is carried out in order to understand the 

oxidative and reductive nature of the probe and its Fe (II) complex. The detection limit for Fe 

(II) ions was discovered to be 0.54 M.   
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2.17 

Deshmukh et al. (2018)
60

 have demonstrated an approach to detect Ni (II) ions over other 

cations. They have synthesized a polyaniline nanocomposite using carbon nanotubes. Also, 

EDTA was used during synthesis to provide a good chelating site for Ni (II) ions. Probe 

worked well in the aqueous media due to ring-like structure of composite. The lower 

detection limit was found to be 1x10
-3

 mM/L for Ni ions using differential pulse 

voltammetry. A similar research group has modified the properties of probe by adding 

different chemicals to make a new receptor for the selective detection of Cu (II) ions. The 

probe showed selectivity without the interference of Pb (II), Cd (II), Ni (II), and Co (II) ions. 

Detection limit of the probe was found to be 1.4 μM with a sensitivity of 189 mA/μM.
61

     

Xu et al. (2020)
62

 have modified a glassy carbon electrode with polypyrrole nanoparticles for 

the detection of Pb (II) ions. The electrode has detected Pb (II) in the concentration range of 

0.1-50 μM with a detection limit of 55 nM. Electrode showed a selective response to Pb (II) 

without interference from Hg (II) and Cu (II). For practical application, Pb (II) was detected 

in wastewater samples. Ahmad et al. (2017)
63

 have synthesized an organic molecule and its 

electrochemical response was checked for various cations. Among all the cations, receptor 

responded selectively towards Pb (II) ions. Glassy carbon electrode was used to measure the 

response and it gives a linear response in the range of 0.1 nM-0.1 mM. The limit of detection 

and limit of quantification was found to be 3.95 μA and 0.02 nM, respectively. A prepared 

electrochemical system was applied on real water samples for the detection of Pb (II) ions.    

Rana et al. (2017)
64

 have modified a disposable electrode with a Schiff base (2.18) for the 

detection of Al (III) ions. Response of sensing was obtained by CV and DPV with a detection 

limit of 2.26 ng/L. Electrode worked well in the concentration range of 0.67-4.59 μg/L. 

Proposed experimental interactions were supported by DFT calculations. Al (III) was 

detected in natural water samples for practical application purposes. The same group has 

reported another Schiff base (2.19) modified electrode for the detection of Zn (II) ions. The 

probe showed a detection range of 0.47-5.56 μM with a LoD of 0.92 μM. CV and DPV 
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proposed interactions were supported by DFT calculations. Also, Zn (II) was detected in 

various food samples around the characteristic peak at -0.59 and 0.55 V.
65

 

 

                              2.18                                                                                2.19 

Sha et al. (2017)
66

 have decorated an electrode with an iron-modified matrix. The probe 

showed a response to multiple analytes such as Cd (II), Cu (II), and Pb (II) ions. 

Electrochemical behavior of the probe was checked using differential pulse voltammetry.  

The limit of detection for Cd (II), Cu (II), Pb (II) was found to be 1.92x10
-2

 μM, 8.78x10
-2

 

μM, and 0.98x10
-2 

μM, respectively.  Kakob et al. (2019)
67

 have designed a recognition layer 

modified with amino acids for the detection of metal ions. Probe acted as a multiple analyte 

detector by giving response to Zn (II), Cd (II), Cu (II), and Hg (II) ions with a detection limit 

of 8.29, 5.77, 3.01, and 5.89 pM respectively. Various electrochemical techniques were used 

to record the response of the electrode. Experimental results of the electrode were supported 

with theoretical calculations. Wu et al. (2019)
68

 have modified a glassy carbon electrode with 

magnetite nanoparticles for the detection of heavy metal ions. Electrode gave a response to 

Cd (II), Pb (II), Hg (II), Zn (II), and Cu (II) ions and for practical application, metal ions were 

detected from water and rice samples.   

2.2 Anion Sensor 

Anions are important in our daily lives, as they are required for physiological function and a 

variety of industrial processes. As a result, anionic species can be harmful to the ecosystem 

either need for growth or pollute the environment. Anion sensor design is more difficult than 

metal ion sensor design due to the larger size of anions corresponding to isoelectronic cations 

and hence the lower charge to radius ratio of anions. Regardless of these factors, there are a 

large number of receptors in the literature that have been shown to recognize different types 

of anions. There are a lot of reports where designed probes have detected anions via optical 

or electrochemical methods. 
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2.2.1 Spectrophotometric method 

Carbon Quantum Dots (CQDs) based sensors for anion detection 

Zou et al. (2020)
69

 have synthesized lanthanide-modified carbon quantum dots with tunable 

photoluminescence. This fluorescent probe was used to detect the MnO4
-
 ion in an aqueous 

solution while preventing interference from other anions. CQDs modified with lanthanide 

could be used in photocatalytic sensors. Baragau et al. (2020)
70

 used a continuous 

hydrothermal flow process to synthesize nitrogen-doped CQDs from citric acid. Without 

modifying their structure, these NCQDs showed selectivity for toxic and carcinogenic Cr 

(VI) ions. Chemosensor has demonstrated selectivity up to a detection limit of 0.365 ppm. 

Jiang et al. (2020)
71

 used chitin as a source for NCQD synthesis and detected ClO
-
 ions 

among other anions in the solution. For ClO
-
 ions, the detection limit was found to be 1.47 M, 

and the particles performed well in the linear range of 0-50 M. When nanoparticles were 

illuminated with a UV light, their luminescence shifted from bright blue fluorescence to dark 

blue fluorescence.  

Feng et al. (2020)
72

 used 3-mercapto-1,2-propanediol as a bridge material to make boronic 

acid decorated carbon dots. The fluorescent “turn off” state was observed in the presence of 

F
-
 ions and the detection limit was determined to be 1.5 M, with a working range of 9-117 M. 

The logic gate was also prepared based on the response. A functional hybrid of graphene 

quantum dots and cobalt pyrene-derivatized phthalocyanine has been synthesized by Achadu 

et al. (2019)
73

 These nanoprobes were found to be selective for CN
-
 ions, with a detection 

limit of 0.5 nM. In the linear range of 1-50 nM, the probe performed admirably. CN
-
 ions 

were retrieved from spiked samples using the proposed hybrid structure for real-life 

sampling.  

For the detection of nitrite anion in aqueous media, Jana et al. (2019)
74

 prepared nitrogen-

doped CQDs which showed selective response to nitrite ions with fluorescence switch-off 

behavior. The probe's detection limit was found to be 7.9 nM, with a linear range of 2.3-7.7 

M. The nitrite anion was found in various water samples as well as in HeLa cells for real-time 

applications. Shahbazi et al. (2019)
75

 developed gold nanoparticles for evaluating sulfide 

ions in aqueous media. The effect of pH, temperature and time on the selective detective 

detection of sulfide ions was optimized. The target ion was detected by gold nanoparticles 

with a detection limit of 0.57 ppm. 
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Schiff base sensors for anion detection 

The condensation reaction of 3, 5-diiodosalicyaldehyde with isoniazid was used to create a 

new Schiff base (2.20) by Shree et al. (2020)
76

 Via colorimetric sensing, the probe 

demonstrated selectivity for F- ions with a detection limit of 0.1x10
-6

 M. For naked-eye 

detection, the color of the probe's solution changed from pale yellow to orange. Li et al. 

(2018)
77

 developed a Schiff base (2.21), namely 2-hydroxy-1-naphthaldehyde-2-quinoline 

acylhydrazone. F
-
 ions were detected using this colorimetric probe that changed color from 

colorless to yellow. With a binding stoichiometry of 1: 2, the detection limit was found to be 

8.28x10
-6

 M. The intermolecular proton transfer process that occurred between the hydroxyl 

group of ligand and F
-
 ion was suggested as a plausible mechanism. 

 

2.20                                                                         2.21 

Alreja et al. (2018)
78

 used 1, 10-phenanthroline to make Schiff base (2.22), 2-((E)-(1, 10-

phenanthroline-5-ylimino) methyl) phenol. In an acetonitrile medium, the probe exhibited 

chromogenic activity against F
-
 ions. Owing to the presence of a new band in the visible field, 

the color of the solution changed from colorless to yellow. The probe was programmed into 

an INHIBIT logic gate for real-time use. Dey et al. (2020)
79

 used picolinohydrazide-naphthol 

(2.23), a Schiff base reagent, to detect CN
-
 ions at the trace level. In a DMSO/Water solvent 

medium, the color of the solution changed from colorless to yellow. The deprotonation 

mechanism was suggested and confirmed by 
1
H NMR titration. CN

-
 ions were detected in 

water samples for real-life application of the probe, and a paper strip system was also created. 

 

2.22                                                                                2.23 
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Chowdhury et al. (2017)
80

 prepared a Schiff base chemoreceptor with hydrazine 

functionalization for the selective detection of F
-
 ions. The receptor's response was enhanced 

by adding more NH and C=N units to the structure. Cyclic voltammetry and 
19

F NMR were 

used to confirm the receptor's chromogenic response. The binding constant was found to be 

0.84x10
5
 M

-
 with a detection limit of 1.42x10

-5
 M. Purkait et al. (2018)

81
 synthesized a multi 

responsive Schiff base for I
-
 ions among various anions in THF solvent. With a binding 

stoichiometry of 1: 1, the color of the solution changes from slightly yellow to orange-red, 

following the colorimetric reaction. 5 nM was discovered to be the detection limit of the 

probe.  

Saini et al. (2018)
82

 used a greener approach to synthesize hydrazone-based Schiff base. For 

both cations and anions, the probe operated as a multi-analyte detector. With detection limits 

of 0.073 ppm and 0.023 ppm, the probe detected both CN
-
 and F

-
 ions among various anions. 

Job's interpretation of the plot indicated 1: 2 stoichiometry for CN
-
 ions and a 1: 1 

stoichiometry for F
-
 ions. ICT and PET processes were plausible mechanisms for anionic 

interactions.   

Miscellaneous compounds for anion detection 

Liu et al. (2020)
83

 have synthesized a squaraine dye (2.24) for the detection of CO3
2-

 ions 

using spectroscopic techniques. First Fe (III) complex was formed then sequentially CO3
2- 

was detected. The limit of detection for both Fe (III) and CO3
2- 

was found to be 0.14 and 0.17 

μM. Following the spectroscopic response INHIBIT logic gate was constructed. Liu et al. 

(2017)
84

 have synthesized an ether substituted squaraine dye for selective detection of CN
-
 

ions. The probe exhibited strong absorption and intense fluorescence emission in the far-red 

spectral region. The probe detected CN
-
 ions with a detection limit of 1.7 μM. 

 

2.24 
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Alkis et al. (2017)
85

 have synthesized a coumarin-pyrazole-pyridine triad for the detection of 

F
-
 ions in DMSO solvent. Probe exhibited naked eye detection following a stoichiometry of 

1:1. Experimental results were supported by computational calculations. Krishnaveni et al. 

(2021)
86

 have designed hydrazine-appended pyrazole-based moiety (2.25) for the detection of 

F
-
 ions in aqueous DMSO solvent. Naked eye response of the probe was confirmed by 

19
FNMR and DFT calculations. From the Jobs plot, the stoichiometry was found to be 1:1 

with an association constant of 0.26x10
-4

 M. Yalcin et al. (2018)
87

 have synthesized a 

coumarin-pyrazole-pyridine triad for the selective detection of F
-
 ions in DMSO solvent. 

Probe exists in different tautomeric forms and exhibits acid chromic properties. 
1
HNMR 

titrations confirmed the deprotonation mechanism with a stoichiometry value of 1:1. 

 

2.25 

Wu et al. (2017)
88

 have synthesized a quinolone-based chemosensor (2.26) for the sequential 

detection of CN
-
 ions using Cu (II) complex of the probe. All spectroscopic studies were 

carried out in an aqueous DMSO solvent system. The detection limit for CN
-
 ions was found 

to be 4.3 μM without the interference from other anions present in the same solution. Kim et 

al. (2019)
89

 have designed a sensor (2.27) for the detection of ClO
-
 ions via a color variation 

from yellow to colorless. The detection limit of the probe was found to be 3.10 μM. 

Experimental results were supported with computational studies. Bhaskar et al. (2019)
90

 

have designed a reversible chemosensor for the selective detection of CN
-
 ions using an eco-

friendly method. Probe gave naked eye response in the presence of CN
-
 ions from yellow to 

orange. The binding mechanism of the probe was established to be an ICT mechanism and 

confirmed by 
1
HNMR titrations. The detection limit was found to be 6.88 μM with a binding 

stoichiometry of 1:2. Following the spectroscopic behavior, IMPLICATION logic gate was 

constructed.   
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2.26                                                                                       2.27 

Long et al. (2018)
91

 developed a rhodamine-based probe (2.28) for the detection of CN
-
 ions 

selectively. The presence of cyanide was observed with the naked eye, with a detection 

maximum of 3.54x10
-7

 M. Probe found cyanide in tap water, bitter almond, and germinated 

potato for possible use. Long et al. (2019)
92

 developed a rhodamine B hydrazone-based 

derivative (2.29) for the detection of CN
-
 ions in an aqueous solution. For CN

-
 ions, the probe 

showed both colorimetric and fluorimetric responses. The suggested sensing mechanism was 

deprotonation and ICT. In sprouting potatoes, a chemosensor was successfully used to detect 

CN
-
 ions.  

 

2.28                                                               2.29 

Roy et al. (2019)
93

 developed a rhodamine-based moiety (2.30) for the detection of bisulfite 

anion selectively. The molecule was naturally weakly emissive, but addition of the bisulfite 

ion resulted in heavy probe emission with a color range of faint to pink. For the bisulfite ion, 

the detection limit was found to be 0.4 M. Upadhyay et al. (2017)
94

 synthesized Rhodamine 

6G hydrazide for the selective detection of HSO4
-
 ions in an aqueous medium. The presence 

of an anion in the cavity of rhodamine caused the spirolactum ring to open, as shown by the 

color change from colorless to pink. For possible use, INHIBIT logic gate and paper strips 

were prepared. 
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2.30 

Zhu et al. (2020)
95

 synthesized a probe (2.31) for colorimetric determination of ClO
-
 ions in 

a DMSO/PBS buffer. As ClO
-
 was added to the probe solution, the rhodamine moiety's ring-

opened, and the color of the solution changed from blue to orange. The mechanism was 

demonstrated using the FRET mechanism and the probe's fluorescence ratiometric behavior 

towards the ClO
-
 ion. Chemosensor was used for cell staining purposes without interference 

from reactive oxygen species (ROS).  

 

2.31 

A new six-membered rhodamine-based fluorescent probe has been developed by Wang et al. 

(2019)
96

 ClO
-
 ions were found in both water and HUVEC cells using the probe. Selective 

behavior was attributed to the twisted nature of the probe. With a detection limit of 12 nM, 

the probe detected ClO
-
 ion in tap water and swimming pool water.  

2.2.2 Electrochemical methods for the detection of anions  

Anions are important in a variety of environmental, industrial, and physiological activities, 

thus detecting and quantifying them is important. Electroanalytical sensors can be used to 

perform selective, sensitive, low-cost, portable, and real-time analyses of anion presence 

using appropriate combinations of selective (non-covalent) recognition and transduction. 
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Electrochemical anion sensing has gotten a lot of attention in the last two decades, due to 

significant advances in anion supramolecular chemistry. 

Mejri et al. (2018)
97

 have modified an electrode with curcumin (2.32) for the determination 

of F
-
 and CN

-
 ions. The limit of detection was found to be 17.2 nM and 28.3 nM for F

-
 and 

CN
-
, respectively. For practical applications, the electrode was applied in river water, 

petrochemical refinery wastewater for the detection of anions. Zhang et al. (2018)
98

 have 

developed a new ferrocenophane receptor for the detection of H2PO4
-
 ions. The receptor was 

prepared using “click reaction” between amide and triazole donor atoms. Electrochemical 

behavior suggests a large potential shift in the case of complex as compared to the receptor. 

This large potential shift was supported with 
1
HNMR and DFT calculations.   

 

2.32 

A carbon electrode was developed by Cunha-Silva et al. (2019)
99

 for the determination of I
-
 

using a single drop of sample. They compared the behaviour of electrode with and without 

chitosan coating modification in their research. A chitosan-coated working electrode was 

found to be a better iodine sensor with a detection limit of 1x10
-8

 M. The results of 

voltammetry were supported by the spectrophotometric method. The same group has reported 

another method of modification of electrode for the determination of Br
- 

ions. They have 

modified the electrode with rhodium nanoparticles for enhancement sensitivity. The electrode 

has detected Br
-
 ions with a detection limit of 39 μM, with a calibration plot up to 40 mM.   

Liu et al. (2017)
100

 modified an electrode with nitrogen-doped hollow mesoporous carbon 

spheres. With a high sensitivity of 1.49 Acm
-2

 M
-1

, SPE has demonstrated enzyme and metal-

free electrochemical detection of superoxide anions. Bujes-Garrido et al. (2017)
101

 

developed a disposable and wearable SPE for detecting Cl
-
 ions. In the presence of chloride 

ions, the established sensor measures the Nernestian change of the voltammetric peak 

potential of ferrocenemethanol. Using amide and thiourea donors, Huang et al. (2018)
102

 

synthesized two ferrocene-pyrene dyads. In the presence of F
-
, OAc

-
, and H2PO4

-
, both 

probes showed a strong negative change in the ferrocene-based redox potential. They have 



44 
 

also synthesized a ferrocene-appended dansyl fluorophore for the selective detection of F
- 

ions using CV and DPV. An electrochemical shift in complex was investigated by 
1
HNMR 

technique and DFT calculations.  

Bisimidazole-based unit with naphthoquinone as a signaling unit (2.33) has been synthesized 

by Lakshmi et al. (2019)
103

 With a color shift from yellow to brown, the probe detected CN
-
 

ions in an aqueous HEPES buffer-DMSO medium. The probe had 1: 2 stoichiometry. DFT 

studies have suggested that deprotonation of the imidazole N-H proton as a sensing 

mechanism. Chaudhuri et al. (2018)
104

 synthesized five receptors based on arylamino-

naphthoquinone using the same mechanism. The electron-donating and withdrawing groups 

attached to receptors gave them different redox properties. Following a deprotonation process 

of the N-H moiety by the cyanide ions, all receptors displayed detection limits in the range of 

10
-8

 M. 

 

2.33 

Sudha et al. (2018)
105

 have developed an electrode for the detection of sulfite and nitrite 

anions. The electrochemical activity of the electrode was investigated using techniques CV 

and DPV. They have also modified the glassy carbon electrode with copper oxide for the 

detection of sulfite and nitrite anions. Electrocatalytic oxidation of both the anions was 

detected using CV and DPV techniques. The difference between the oxidation peak potential 

of sulfite and nitrite was 400 mV. The detection limit for both sulfite and nitrite was found to 

be 21.10 μM and 13.6 μM, respectively. A glassy carbon electrode modified with carboxyl 

graphene, polypyrrole, and chitosan nanocomposite has been reported by Xiao et al. 

(2018)
106

 CV and electrochemical impedance spectroscopy was used to characterize 

electrochemical behavior. The DPV response of the modified electrode has detected nitrite 

anions up to a detection limit of 0.02 M. 

Han et al. (2019)
107

 developed a composite for nitrite anion detection. Because of the large 

surface area, good conductivity, and synergistic catalysis of each part, the composite had 

excellent electroxidative activity against nitrite ions with a detection limit of 1.0 M. Yan et 

al. (2020)
108

 have modified an electrode on which the reduced electrochemical signal of 
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potassium ferricyanide was used to record the response for F
-
 ions on the electrode surface. 

The sensor that was developed was successfully used to detect F
-
 ions in tap water. For the 

selective detection of sulfate in water, Gulebiewski et al. (2019)
109

 developed an 

electrochemical sensor consisting of a gold electrode modified by cyclopeptide and a bis 

(dipyrromethene) Cu (II) or Co (II) complex. In water, the sensor showed sensitivity at the 

picomolar level. Metal embedded in between the electrode surface and the cyclopeptide was 

responsible for the redox properties of the sensor.  

Wu et al. (2019)
110

 have modified an electrode with silver nanoparticles for the selective 

detection of superoxide anion. The probe can detect target anion with a detection limit of 2.32 

fM at a working potential of -0.5 V. Durai et al. (2020)
111

 have synthesized a novel 

hydrazone-based sensor (2.34)for the detection of F
-
 ions in DMSO solvent. The colorimetric 

response of the probe was supported with CV and DPV techniques. The detection limit was 

found to be 0.02 μM and 
1
HNMR titration confirmed the electrochemical interactions. For 

real-life sampling, F
-
 was detected in environmental samples and toothpaste. 

 

2.34 

Riojas et al. (2019)
112

 proposed a new electrochemical sensor for the detection of CN
-
 ions at 

trace levels. In this sensor, silver sulfide nanoparticles and hierarchical porous carbon were 

added to a carbon paste electrode. The morphology of the electrode was studied using TEM 

and SEM. Electrode detected CN
-
 ions within the linear range of 5.9x10

-7 
to 1.1x10

-3
 mol/L 

with a detection limit of 7x10
-8

 mol/L via square-wave adsorptive anodic stripping 

voltammetry. Zhang et al. (2020)
113

 recorded the electrode response using cyclic 

voltammetry and amperometry techniques. 40 nM, 0.7192 A, and 0.1 to 210 M were found to 

be the detection maximum, sensitivity, and working range, respectively for cyanide ions. 
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Electrochemical findings have also been successfully applied to real-world samples such as 

apricot juice for the detection of cyanide ions. 

Kaur et al. (2017)
114

 have modified a gold electrode by adding a redox-active layer made of 

dipyrromethene complexed with Cu (II) and Co (II). The modified electrode showed 

electrochemical signal sensing of Cl
-
 ions. Apart from Cl

-
 ions, the probe showed selectivity 

for SO4
-2

 and Br
-
 ions in the picomolar range, following the selectivity series Cl

-
 > SO4

-2
 > 

Br
-
. Higher selectivity for Cl

-
 ions could be attributed to the higher binding constant and 

stronger electronic effect. Nguelo et al. (2018)
115

 have developed an electrochemical sensor 

for the detection of thiocyante ions. Various parameters such as accumulation time, 

electrolyte concentration were optimized. Electrode gave a good linear response in the 

concentration range of 1x10
-6 

– 1x10
-5

 M with a detection limit of 15 nM. Various anions 

such as NO3
-
, Cl

-
, SO4

2-
, and CH3COO

-
 interfered in the selective response of SCN

-
 ions. The 

sensor was applied to detect SCN
- 
in human saliva samples.  

 

2.35 

Cunha-Silva et al. (2019)
116

 have used platinum electrode for the detection of Cl
-
 ions. 

Electrode gave reproducible results with a detection limit of 0.76 mM and worked well in the 

concentration range of 150 mM. Cui et al. (2020)
117

 have modified an electrode for detection 

of O2
-
 using tetraphenyl porphine and graphene oxide. Performance of electrode was recorded 

using cyclic voltammetry, electrochemical impedance spectroscopy. Furthermore, differential 

pulse voltammetry was used to analyse the performance of electrode. Electrode worked well 

in the concentration range of 0.0-110.0 μmol/L with a detection limit of 0.03 μmol.    

Gauthama et al. (2020)
118

 have synthesized a Schiff base (2.36) using isatin hydrazones for 

the selective detection of F
-
 ions. The probe detected anion in two different solvent media i.e. 

in pure acetonitrile and aqueous acetonitrile with a detection limit of 0.45 and 0.41 ppm. A 

potential difference of 1.06 V was observed for complex using CV and DPV techniques. The 

electrochemical response was supported by 
1
HNMR titrations. 
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2.36 

Mahmoud et al. (2021)
119

 have modified a carbon paste electrode for the detection of CN
-
 

ions. Performance of the electrode was recorded by CV, DPV, and electrochemical 

impedance spectroscopy. By observing the anodic peak behavior of the electrode towards 

CN
-
 ions, it was found that the electrode gave a linear response in the range of 1.87-25 μM 

with a detection limit of 0.60 μM. For real-life sampling, electrode was applied in different 

environmental samples. Ling et al. (2019)
120

 have appended ferrocene with N-tosyl 

hydrazones for the sensing of F
-
 ions. With an increasing amount of F

-
 ions, oxidation peak 

current decreases and shifted anodically, and in presence of an excess of F
-
 ions, CV becomes 

irreversible. 

From the review of literature, it can be seen that there is hardly any molecule based on 

triphenyl ether derivative reported as an ionophore for the sensing of small molecules like 

cyanide, fluoride, aluminium, and copper. A research problem was conceived to study 

triphenylether and triphenylamine molecules with variable hetero atom environments. 

Anticipating the rigidity of triphenyl ethers and the complex forming tendency of the hetero 

atoms, different structures of new molecules were designed. Since chemical sensing of the 

above-mentioned target ions using host-guest theory of ionophores depends largely on two 

important principles of (a) steric consideration and (b) electronic environment in the pseudo 

cavity. In order to study the above hypothesis, several experiments for the synthesis of new 

molecules, their characterization were planned. Interaction of the receptor molecules with the 

target species was studied using optical and voltammetric techniques as chemical sensing 

tools. Validation of the proposed molecules as chemical sensors was planned through real-

time analysis of samples using the proposed receptors.     
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Chapter 3 

Materials and Instrumentation 

This chapter provides a brief description of the material and instruments used for the ion 

recognition behavior of triphenyl derivatives. The methodology was carried out by using 

spectroscopic and voltammetric techniques. Probable interactions between receptor and target 

species were supported by theoretical studies. Experimental details of methods and 

techniques are mentioned in detail in this chapter.   

3.1 Chemicals 

All of the starting reagents and solvents were obtained from commercial sources and used 

without further purification. HPLC grade acetonitrile (ACN) was used in the optical and 

electrochemical experiments (SD Fine, India). Over a silica gel (mesh 100–120), thin-layer 

chromatography (TLC) and column chromatography were performed. Hexane, ethyl acetate, 

dichloromethane, and methanol, among other solvents used for extraction and 

chromatography, were of industrial quality and were used after distillation. For cation studies, 

perchlorate salt of Hg
2+

, Ni
2+

, Co
2+

, Fe
2+

, Fe
3+

, Mn
2+

, Ca
2+

, Pb
2+

, Mg
2+

, Cr
3+

, Al
+3

, Zn
2+

 and 

Cu
2+ 

  (Sigma Aldrich) were used, and for anion interactions, tetrabutylammonium salts of 

HSO4
-
, H2PO4

-
, ClO4

-
, OAc

-
, F

-
, Cl

-
, I

-
, CN

-
 were used. Various amino acids were used in the 

application part, including asparagine (Asn), lysine (Lys), arginine (Arg), tryptophan (Trp), 

proline (Pro), glutamine (Gln), histidine (His), and cysteine (Cys). For the antibacterial 

activity test, non-pathogenic E. coli bacteria (DH5-Alpha strain) were used. Bacteria were 

grown using Luria Britani (Loba Chemie). 

3.2 Instrumentations 

The JEOL spectrometer operating at 400 MHz was used to record 
1
H and 

13
C NMR spectra in 

CDCl3. Both chemical changes are represented in parts per million (ppm) with the TMS, 

which acts as an internal guide. The Agilent Carry 660 spectrophotometer was used to record 

FT-IR spectra. UV-Vis experiments were performed on an Analytic Jena machine with a 1.0 

cm path length and matched quartz cells. Fluorescence spectra were recorded on a Perkin 

Elmer LS-55 fluorescence spectrometer. Gamry Potentiostat/Galvanostat/ZRA Interface 1000 

was used for all electrochemical measurements. Tetrabutylammonium hexafluorophosphate 

(TBAHPF6) (Sigma Aldrich) was used as a supporting electrolyte in all of the voltammetric 
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experiments. As a working electrode, a glassy carbon electrode (2.0 mm diameter, CH 

Instruments, USA) was used. A platinum electrode was used as the counter electrode. With 

Ag/AgCl as the reference electrode, all potentials were determined. Internal solutions in the 

Ag/AgCl electrode were AgNO3 (0.01 M) and TBAHPF6 (0.1 M) in acetonitrile solvent. The 

working GC electrode was cleaned by polishing it with alumina powder and then washing it 

in water and solvent. At room temperature, the electrochemical tests were performed. The test 

solutions were de-aerated in all experiments by moving a stream of N2 gas through them for 

at least 4-5 minutes. 

Dewinter fluorescence inverted microscope with violet light excitation and 20X objective 

was used for cell imaging studies. 

3.2.1 Spectrophotometry 

Spectrophotometry is a method of measuring the intensity of light as it travels through a 

sample solution to determine how much a chemical compound absorbs light. Each substance 

absorbs or transmits light over a specific wavelength range, according to the basic principle. 

This measurement can also be used to determine the amount of a chemical compound that is 

known. Spectrophotometry is a valuable tool for quantitative study in a variety of domains, 

including physics, chemistry, material and chemical engineering, and clinical medicine. 

3.2.2 Spectrofluorimetry  

Spectrofluorimetry is a type of electromagnetic spectroscopy that examines a sample's 

fluorescence. Molecules can exist in a variety of states, which is referred to as energy levels. 

The primary focus of fluorescence spectroscopy is on electronic and vibrational states. In 

most cases, the species under investigation has a ground electronic state of interest (a low 

energy state) and an excited electronic state of greater energy. There are different vibrational 

states inside each of these electrical states. The species is excited in fluorescence by 

absorbing a photon from the ground electronic state and transferring it to one of the numerous 

vibrational modes in the excited electronic state. When an excited molecule interacts with 

another molecule, it loses vibrational energy until it approaches the vibrational level of the 

ground state. The Jablonski diagram is frequently used to depict this procedure. 

3.2.3 Voltammetry 

One type of electroanalytical method used in analytical chemistry is voltammetry. 

Voltammetry is a technique for obtaining information about an analyte by measuring current 

as a function of applied voltage.
1, 2

 Voltammetric investigations teach us about the oxidation-
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reduction process at the electrode surface, the adsorption process on the electrode surface, 

and the electron transport mechanism at the modified electrode surface. The four main types 

of voltammetry are categorized as (i) Linear sweep voltammetry (ii) Differential pulse 

voltammetry (iii) Cyclic voltammetry (iv) Square wave voltammetry. 

We have experimented using DPV only therefore, it is discussed in detail. 

Differential pulse voltammetry 

Differential pulse voltammetry (DPV) (also differential pulse polarography, DPP) is an 

electrochemical voltammetry method that uses a sequence of regular voltage pulses 

superimposed on a potential linear sweep or stair steps. It is a derivative of linear sweep 

voltammetry or staircase voltammetry. Differential pulse voltammetry is used to assess the 

number of electroactive species present at a trace level in an organic or inorganic sample. 

Potential is screened using this method, which uses a series of periodic pulses superimposed 

on a linear potential ramp. Current is measured at two points: when the pulse starts and when 

the pulse finishes. The actual difference between these two points is calculated and plotted 

against the potential. Peak-shaped voltammograms are observed due to double sampling. The 

distance of the peak is used to calculate electron stoichiometry. The difference between 

measured current and applied base potential is displayed.  

 The following are the key parameters for pulse techniques: 

1. Pulse period: The time required for one potential cycle. 

2. Sample period: Time at the end of pulse during which the current is measured. 

3. Pulse width: The duration of the pulse period. 

4. Pulse amplitude: The height of the potential pulse. 

3.3 Stock solution for cations/anions/amino acids 

For voltammetric, absorption, and emission tests, a stock solution of receptors (1.0x10
-3

 M) 

was prepared in ACN. Metal ions and amino acid solutions (1.0x10
-2

 M) were made in water, 

while anions (1.0x10
-2

 M) were made in ACN. Throughout all of the experiments, distilled 

water was used. In a small cell, a sufficient volume of receptor stock solution and various 

cation/anion solutions were mixed, and then absorption and fluorescence spectra were 

reported. All of the experiments were carried out within 10 minutes of the complexes being 

prepared at 25° C. 

 

 



58 
 

3.4 Computational studies 

Theoretical calculations of the receptors and their complexes were carried out on DFT 

(Density Functional Theory). GAUSSIAN-03 software was used for the optimization of 

structures using 631G basis set. HOMO-LUMO orbitals and electron density of the molecule 

were calculated via these calculations.
3-5

 

3.5 Antibacterial activity and fluorescence imaging 

Escherichia coli (E. coli, Gram-negative bacteria) were used to test the antibacterial efficacy 

of the synthetic compound (Probe 1) and its aluminium complex. Glassware and samples 

must be sterilized for this experiment. E. coli was incubated in Luria-Bertani broth medium at 

37
0
 C for 12 h by shaking in (200 rpm) in a rotary shaker. For fluorescence imaging tests, 

bacteria were treated separately for 60 minutes with the compound and its aluminium 

complex. It was then mounted on glass slides using the heat fix process. The bacterial slides 

were then incubated with 2 % formaldehyde for 20 minutes before being photographed using 

a Dewinter fluorescence inverted microscope with green light excitation.
6
 

3.6 Experimental section 

Triphenyl ether and triphenyl amine-based receptors were synthesized and their detailed 

synthetic methodology has been presented below. Electroanalytical probes based on the 

receptors are also developed for cations and anions as target species. A general schematic 

presentation of organic reaction setup is shown in fig. 1. 

 

Fig. 1 General schematic presentation of organic reaction 
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3.6.1 Synthesis of Triphenylether derivatives 

Synthesis of 1,1'-((((1,3-phenylenebis(oxy))bis(2,1-phenylene))bis(azanediyl))bis 

(methylene))bis(naphthalen-2-ol) (TPEA) 

TPEA was synthesized from initial compound TPEI
7
 (51 mg, 0.085 mmol) using sodium 

borohydride (12.5 mg, 0.34 mmol) in THF: Methanol (7:3) at normal temperature as shown 

in scheme 3.1. After completion of the reaction, the reaction mixture was partitioned between 

dichloromethane (15 mL) and water (15 mL) and further extracted again with 

dichloromethane (15 mL). The combined organic layers were dried over Na2SO4, filtered and 

separated from the solvent using a vacuum evaporator to yield a crude product that was 

purified by silica gel column chromatography with solvent system (ethyl acetate/hexane, 

95:5, v/v) to get light yellow solid. The product yield of TPEA was obtained at 39%. 
1
H 

NMR (400 MHz, CDCl3) δ(ppm) 7.7 (d, J = 7.8Hz, 2H), 7.6 (d, J = 8.72Hz, 2H), 7.5 (d, J = 

8.72Hz, 2H), 7.4 (m, 2H), 7.3 (t, J = 8.72Hz, 2H), 7.2 (m, 3H), 7.0 (d, J = 8.68Hz, 2H), 6.9 

(d, J = 9.16Hz, 6H), 6.7 (m, 3H), 4.8 (s, 4H); 
13

C-NMR (100MHz, CDCl3): δ(ppm) 158.64, 

151.89, 148.52, 140.96, 131.12, 130.31, 126.67, 124.88, 124.22, 123.61, 121.68, 120.99, 

120.87, 118.71, 118.71, 112.55, 111.83, 107.38, 48.13. m/z calcd for [M-H]
-
.2H2O: 639.69; 

found: 639.37 (Figure 3.1, 3.2 &3.3). 

 

Scheme 3.1 Synthesis route of TPEA
7
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Synthesis of N,N'-((1,3-phenylenebis(oxy))bis(2,1-phenylene))bis(2-hydroxy-1-

naphthamide) (TPEAM) 

TPEAM was synthesized by a two-step procedure. In the first step, acid chloride was 

prepared from 2-hydroxy-1-naphthoic acid (1 mmol) and PCl3 (1 mmol) by stirring and 

heating at 80-90
o
 C until the evolution of hydrochloric acid ceased. The acid chloride thus 

prepared was added into the solution of corresponding amine
7
 (0.5 mmol) in the presence of 

K2CO3 (0.3 mmol) as a base, using dichloromethane (15 ml) as a solvent at 0
o
 C (Scheme 

3.2). The reaction mixture was allowed to stir for 4-6 hrs. After completion of the reaction, it 

was quenched with water. To obtain the organic product, the reaction mixture was partitioned 

between dichloromethane (3×15 ml) and water (3×15 ml). The combined organic layers were 

dried over Na2SO4, filtered, and separated from the solvent using a vacuum evaporator to 

yield the crude product which was purified by silica gel column chromatography with a 

solvent system of hexane/ethyl acetate (90:10, v/v). A light yellow solid was obtained (yield 

= 68 %) and further characterized by using 
1
H and 

13
C NMR.  

1
H NMR (400 MHz, CDCl3) 

δ (ppm) 12.07 (s, 1H), 8.99 (d, J = 8.68Hz, 1H), 7.99 (t, 2H), 7.90 (m, 2H), 7.83 (d, J = 

8.24Hz, 1H), 7.77 (s, 1H), 7.62 (t, 1H), 7.53 (m, 2H), 7.42 (m, 2H), 7.22 (d, J = 8.68Hz, 1H); 

13
C-NMR (100 MHz, CDCl3): δ (ppm) 171.49, 165.43, 147.47, 137.86, 133.75, 131.75, 

137.72 129.75, 129.33, 128.93, 128.76, 127.89, 127.71, 126.85,  126.12, 125.42, 123.98, 

121.16, 119.35, 119.03, 104.02. [M] Calculated 632.19, found: 632.79, corresponding to the 

deprotonated [M-H] form of the ligand (Figure 3.4, 3.5 &3.6). 

 

Scheme 3.2 Synthesise route of TPEAM 

3.6.2 Synthesis of Triphenylamine derivatives 

Synthesis of N,N-bis(2-nitrophenyl)benzene-1,3-diamine (TPAN) 

To a solution of 1-fluoro-2-nitrobenzene (7.6 mmol, 736.4 μL) in ACN (5 mL) was added 

benzene-1, 3-diamine (5 mmol, 500 mg), potassium carbonate (10 mmol, 1.29 g). The 

reaction mixture was allowed to stir for 4-5 hrs as shown in scheme 3.3. After completion of 

the reaction, the reaction mixture was partitioned between dichloromethane (15 mL) and 
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water (15 mL) and further extracted again with dichloromethane (15 mL). The combined 

organic layers were dried over Na2SO4, filtered, and separated from the solvent using a 

vacuum evaporator to yield a crude product that was purified by silica gel column 

chromatography with a solvent system (ethyl acetate/hexane, 70:30, v/v) to get light red solid. 

The product yield of TPAN was obtained at 53%. 
1
H NMR (400 MHz, CDCl3) δ(ppm) 9.41 

(d, J = 26, 1H), 8.23 (t, 1H), 8.03 (d, J = 8.12, 1H), 7.57 (t, 2H), 7.29 (m, 3H), 7.04 (d, J = 8, 

1H), 6.07 (m, 3H), 3.75 (s, 1H); 
13

C-NMR (100MHz, CDCl3): δ(ppm) 156.91, 143.24, 

142.59, 133.23, 127.34, 125.53, 122.52, 119.96, 115.78, 114.31 (Figure 3.7 & 3.8). 

Scheme 3.3 Synthesis route of TPAN 

Synthesis of N,N'-(1,3-phenylene)bis(benzene-1,2-diamine) (TPAA)  

TPAN (4.1 mmol) was dissolved in 100 ml of methanol and a catalytic amount of Pd/C (10 

mg) was added. The resultant solution was allowed to stir for 3-4 hrs in the presence of H2 

gas (Scheme 3.4). The color of the solution mixture changed from red to reddish-brown 

indicating that the reaction has taken place in forward direction. Finally, Pd/C was filtered off 

from the reaction mixture. The solvent was evaporated using rota-evaporated and product 

TPAA was obtained with a yield of 63 %. 
1
H NMR (400 MHz, CDCl3) δ(ppm) 8.9 (d, J = 

7.3Hz, 2H), 8.7 (m, 2H), 7.9 (m, 1H), 7.7 (q, 2H, J = 7.3 Hz), 7.3 (m, 3H), 7.1 (m, 2H), 4.7 

(s, 4H), 4.5 (s, 2H); 
13

C-NMR (100MHz, CDCl3): δ(ppm) 158.91, 142.24, 141.59, 130.23, 

125.34, 119.53, 116.52, 110.96, 110.78, 106.31 (Figure 3.9 & 3.10). 

 

Scheme 3.4 Synthesis route of TPAA 
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3.6.3 Synthesis of 1,1'-((1E,1'E)-(1,2-phenylenebis(azanylylidene)) bis(methanylylidene)) 

bis(naphthalen-2-ol) ((Phenylene diimine) (PDI)) 

2-hydroxy naphthaldehyde (2.3mmol) was dissolved in ethanol (20 ml) and stirred at room 

temperature. To this solution, benzene-1,2-diamine (1.1 mol) was added drop-wise dissolved 

in ethanol (5 ml) under continuous stirring (Scheme 3.5). The resulting reaction mixture was 

brought to room temperature after being refluxed for 2-3 hours.
8
 The stuff settled to the 

bottom and was filtered. Washing was done with ethanol and water, followed by vacuum 

drying. A yellow solid was obtained with yield of 78 %. Synthesised compound was further 

characterized by using 
1
H and 

13
C NMR.

1
H NMR (400 MHz, CDCl3) δ (ppm) 9.46 (s, 1H), 

8.13 (d, J = 8.72Hz, 1H), 7.81 (d, J = 9.1Hz, 1H), 7.72 (d, J = 8Hz, 1H), 7.52 (t, 1H), 7.41 (m, 

2H), 7.34 (t, 1H), 7.17 (d, J = 9.2Hz, 1H); 
13

C-NMR (100 MHz, CDCl3): δ (ppm) 169.69, 

155.60, 147.18, 136.93, 133.18, 130.78, 129.41, 128.29, 127.26, 123.73, 121.93, 118.93, 

118.58, 112.31, 108.96 (Figure 3.11 & 3.12). 

 

Scheme 3.5 Synthesis route of PDI 

3.7 Spectroscopic measurements 

Determination of the stoichiometry of complex 

Job's plot method was used to evaluate the complex's stoichiometry. It is a graph of mole 

fraction versus absorbance. Plot between X (mole fraction) and Ab. is a common notation 

(absorbance).
9
 

Determination of selectivity 

The selectivity of the receptor is a measure of the sensor's ability to analyze the concentration 

of the analyte correctly in the presence of interfering ions that can impair the solution's 

absorbance. 
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Determination of stability constant   

The complex stability constant (Ka) was determined from the change in fluorescence or 

absorbance resulting from the titration of a dilute solution of the probe against metal ions 

solution using the Benesi-Hildebrand equation.
10

  

 

    
  

 

       
             )[  ]) 

Where A0 is the absorbance of compound, A is the absorbance at a particular wavelength, and 

Amax is the maximum absorbance. K is the association constant in M
-1

. Mn is the concentration 

of metal ion or anion added during the titration. The UV-Visible titration data provided these 

results. The stability constant was graphically determined by plotting 1/A against 1/[Mn], 

yielding a straight line. The slope and intercept of this straight line were used to calculate the 

K value. 

Determination of limit of detection (LoD) 

The detection limit was determined using emission studies. The fluorescence intensity of the 

probe was measured three times, and the standard deviation of blank measurements was 

determined to calculate the signal-to-noise ratio. The limit of detection was therefore 

calculated using the mathematical equation
11

: 

LoD = 3σ/slope 

Where σbi is the standard deviation of blank measurements; and m is the slope of intensity vs. 

the sample concentration 

Determination of fluorescence quantum yield (Φf) 

To compute fluorescence quantum yield
12

, the corrected integrated fluorescence spectra of 

the sample were compared to that of a standard (quinine in H2SO4; Φf = 0.54): 

Φf = Φf, std(Astd/A)(n
2
/n

2
std)(D/Dstd) 

Where A represents absorbance, n represents the solvent's refractive index, and D represents 

the area under the corrected fluorescence spectrum. The sample and standard solutions were 

prepared with the absorbance at a maximum of roughly 0.5, followed by dilutions. The 

correction factors for the fluorescence spectra used to determine Φf were derived by 

measuring the spectra with known emission of the compound. 
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Chapter 4 

Naked eye detection of cyanide ions using amine derivative of triphenyl 

ether as a novel receptor in aprotic solvent: spectrofluorimetry supported 

with voltammetric and DFT studies 

Triphenyl ether based moiety containing amine linkage between triphenyl ether basic unit and 

naphthyl groups have exhibited selective detection towards CN
-
 ions in CH3CN: H2O (99: 1; 

v/v) as a solvent medium. Probe exhibited great naked eye response as color of the receptor 

solution changes from yellow to orange. This response was confirmed by various analytical 

techniques such as UV-VIS, fluorescence technique and electrochemical technique. 

Furthermore, for practical application, paper strips were prepared for onsite detection of 

cyanide ions. Cyanide complex of receptor was also used to detect water from pure 

acetonitrile solvent. For real-life sample analysis, CN
-
 was detected from different samples 

such as cassava root and Indian almond. 

 

Schematic presentation of sensing behaviour of TPEA 
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4.1 Introduction 

Improvement of chemosensors for the trace level detection of anions is a vibrant area of 

research because of their widespread use in our daily life. Amongst various anions, cyanide is 

one of the most venomous species as well as deadly to mankind because it affects many 

functions in an individual body such as the nervous system, metabolic system, cardiac, 

infringement up the electron transport chain in the mitochondria membrane and prevents 

respiration.
1, 2

 Nonetheless, cyanide is widely used in many fields such as plastic 

manufacturing, gold extraction, tanning, electroplating, petrochemical, cinematography, and 

steel industry. All of these industries are responsible for cyanide pollution.
3
 According to 

World Health Organisation (WHO), the specified limit of cyanide concentration is 1.9 µM 

(70 ppb) in drinking
4
 and also by US EPA, the utmost impurity level for cyanide in ingestion 

water is set to be 200 ppb. Therefore, the fast determination of cyanide content in altered 

matrices such as urine, foodstuff, soil, water, living cells, blood and in agricultural products is 

extremely important. 

Various kinds of traditional methods are available for the quantitative determination of 

cyanide ions such as cyanide selective electrode
5
, polarography

6
, flow injection 

amperometry
7
, potentiometry

8
 and titrimetry

9
. These methods endure various disadvantages 

such as poor detection limit, time-consuming, expensive and complicated procedures. 

Therefore, fast, reliable and more sensitive techniques are required for direct measurement of 

cyanide at µg/L level in altered matrices of life. 

In this concern, fluorescence chemosensors with elevated specificity and selectivity, ease and 

safe handling have grabbed substantial awareness and have become a promising tool for the 

recognition of cyanide ions.
10

 Most of the sensors for cyanide ions are based on emission 

intensity and could be notably subjective by excitation power and detector sensitivity. For the 

fluorescent sensor to be an effective tool for sensing, there must be color change on sensing 

of ions, which can be calculated directly with colorimetry or can be observed by the naked 

eye.
11

 Other than fluorescence spectroscopy, cyclic voltammetry (CV) and differential pulse 

polarography (DPV) are important tools to characterize electrochemical behavior of the 

receptor. Electrochemical techniques have various advantages such as lower detection limits, 

less affected by interfering ions present in solution and use of lesser amounts of chemicals 

and solvents.  
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A great variety of fluorescent receptors have been developed for sensing cyanide ions such as 

derivatives of calixarene,
12, 13

 rhodamine
14

 and triphenylamine,
1, 15, 16

 etc., but most of these 

molecules suffer from complicated synthesis procedures, cross-reactivity of molecules, 

purification by different separation techniques and interference from other present anions in 

solution such as acetate and fluoride ions. 

Here, in this chapter we report a novel triphenylether derivative as a dual sensor for the 

selective detection of cyanide ions and water in trace amounts in acetonitrile. Synthesized 

ionophore does not require complicated synthesis procedure and it also acts as a “naked eye” 

optical sensor for cyanide ions. Differential Pulse Voltammetric studies of synthesized 

receptor and its complex with cyanide ions are also in accordance with the optical results.  

Mechanisms for the detection of cyanide ions have been proposed on the basis of 

deprotonation and intramolecular charge transfer (ICT) principles.
17, 18

 Finally, in order to 

support the deprotonation mechanism, theoretical calculations were carried out and it 

confirms the ICT mechanism.  

4.2 Preparation of real life samples and analysis 

4.2.1 Determination of CN
- 
from Indian almonds 

Unripe Indian almonds (5 g) were collected, dried and bleached to give fine powder. This 

fine powder was degreased with n-hexane for about 24 h. The filtrate thus obtained was then 

extracted with aqueous sodium bicarbonate (0.02 M, 100 mL) for 24 h. The extract was 

filtered, evaporated and used for the detection of endogenous cyanide.
19

 

4.2.2 Determination of CN
-
 in cassava root 

Part of the freshly peeled cassava roots was grounded and homogenized with a pestle and 

mortar. In order to hydrolytically cleave the linamarin with endogenous enzymes, the extract 

of cassava root was stored in a sealed tube for 1hr at room temperature. 2 g of delicately 

ground material was diluted with 10 mL of water and centrifuged for 15 min. Aliquots of 10-

100 μL of the supernatant liquid were used for further analysis 
20

.    

To confirm the presence of cyanide in unripe almond and cassava root, common qualitative 

analysis was done on the samples. The aqueous solutions of both almond and cassava were 

added separately into the solution of sodium thiosulfate. Both solutions were further treated 

with a solution of ferric chloride. Presence of intense brownish yellow colour confirmed the 

presence of cyanide in both almond and cassava samples.  
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4.3 Results and discussion 

4.3.1 Design of ionophore 

Triphenyl ether imine (TPEI), previously reported by our group, was a conjugated structure 

and had shown interactions for F
−
, CN

−
, and Co

2+
 in 5% aqueous acetonitrile medium. It was 

envisaged to observe the effect on the selectivity of the molecule by imparting flexibility 

when imine bond is reduced. Thus, TPEI was synthesized as reported earlier using a three-

step reaction sequence.
21

 The reduction of the imine group in TPEI proceeded smoothly with 

sodium borohydride in a mixture of THF: methanol (7:3) to afford triphenyl ether amine 

(TPEA). Characterization of the compound using 
1
H and 

13
C NMR confirmed the formation 

of a product due to the appearance of methylene protons at 4.8 ppm and carbon at 48.1 ppm 

and simultaneous disappearance of imine signals at 9.3 and 160 ppm, respectively.   

4.3.2 Absorption studies 

 Absorption spectra of TPEA (1mM) in pure acetonitrile medium exhibited two peaks at 442 

nm and 463 nm. In presence of cyanide ions, the two maxima merged to appear as a single 

peak at 465 nm, while with all other anions, separate peaks were observed at 442 nm and 463 

nm with different peak maxima values (Fig. 4.1).  

 

Fig. 4.1 UV-Vis spectra of TPEA receptor alone (1 mM) and upon addition of various 

anions (50 µM) using CH3CN: H2O (99: 1; v/v) as a solvent medium 
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No change in the absorption properties of TPEA was observed in case of any anion other than 

CN
-
 ion. All anions studied were obtained using tetra-n-butylammonium (TBA) salts. The 

solvent system used in above screening was a mixture of acetonitrile: water as 99:1 (v/v %) 

medium in order to avoid interferences due to acetate and fluoride anions, as discussed in the 

next section.  

The disappearance of the peaks at 442 nm and 463 nm due to receptor accompanied by the 

appearance of absorption maxima at 465 nm indicated the formation of a new species in the 

presence of cyanide ions. This was also confirmed by the change in the color of TPEA from 

light yellow to light orange after addition of the cyanide ions (Fig. 4.1 (inset)). 

4.3.3 Spectrofluorimetric studies 

The emission spectrum of TPEA gave two major peaks at 363 nm and 498 nm, respectively 

upon excitation at 300 nm (Fig. 4.3a) which can be attributed to naphthyl (π* to π) and 

hydroxyl (π* to n) groups.  Alteration in the emission properties of the receptor (TPEA) was 

observed only in case of CN
-
, OAc

-
 and F

-
 ions, when an equivalent amount of HSO4

-
, 

H2PO4
-
, ClO4

-
, CN

-
, OAc

-
, F

-
, Cl

-
 and I

-
 anions were added in pure acetonitrile medium (Fig. 

4.2). However, the use of an aqueous (1%) acetonitrile medium increased the selectivity of 

TPEA for CN
-
 ions, exclusively. This can be attributed to the hydration of F

-
 and OAc

-
 ions 

in the aqueous medium due to their high hydration energy
22-25

 as compared to CN
- 
ions.

26
  

The obtained selectivity for CN
-
 ions can be probably explained by taking two factors into the 

account, viz.; basicity of the anion and hydrogen bond formation capacity of the anion. In 

case of basicity, the followed trend is CN
-
>AcO

-
>F

-
 and the reverse order is followed for 

hydrogen bonding capacity i.e. F
-
>AcO

-
>CN

-
 in polar aprotic solvent. But in case of 

aqueous-organic solvent mixture CH3CN: H2O (99:1; v/v), water molecules present in the 

solvent system would form strong hydrogen bonding with the AcO
-
 and F

-
 ions because of 

the high hydration energy as compared to CN
-
 ions (Table 4.1). 

Table 4.1 Comparison of hydration energy of various anions 

S. No. Ions Hydration Energy (kJmol
-
) 

1. F
- 

-505 

2. AcO
- 

-375 

3. CN
- 

-67 
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Following the above-mentioned hydration energy trend, AcO
-
 and F

-
 will become incapable 

in terms of abstraction of proton from hydroxyl group of the receptor TPEA. Therefore, 

selectivity of TPEA becomes feasible for CN
-
 ions only in CH3CN: H2O (99:1; v/v) among 

the presence of various competing anions.  

Fig. 4.3(a) shows a single emission peak at 448 nm in the presence of CN
- 
ions due to TPEA-

CN
- 

system with simultaneous disappearance of peaks at 362 nm and 498 nm observed in 

acetonitrile: water as 99:1 (v/v %) medium. We hypothecate that the peak at 448 nm is due to 

charged conjugated structure II of TPEA, via intermediate I, after its interaction with the 

cyanide ions (Scheme 4.1).  

 

Scheme 4.1 Proposed mechanism of TPEA sensing cyanide ions 

 

Fig 4.2 Fluorescence emission spectra of TPEA (1 mM) upon the addition of various              

anions (400 µM) (TBA salts) in pure acetonitrile medium 
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Further, titration of TPEA (Fig. 4.3(b)) with increasing concentration of cyanide ions up to an 

equivalent range of 0-2.3 gave a linear plot as shown in Fig. 4.3(c). It shows that the 

proposed spectrofluorimetric method can be used up to a concentration of 400 µM for CN
-
 

ions with a relative standard deviation of 1.5%. Along with this, fluorescence titration 

suggests one isosbestic point at nearly 401 nm, which suggests that there is formation of one 

new species with the simultaneous addition of CN
-
 ions into the receptor’s solution.  
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Fig. 4.3 (a) Fluorescence emission spectra of TPEA (1 mM) upon the addition of various 

anions (400 µM) (TBA salts) (b) fluorescence emission spectra of TPEA upon 

progressive addition of CN
-
 in CH3CN: H2O (99:1; v/v) medium (c) linear 

response of TPEA at 448 nm vs. concentration of CN
-
 

4.4 Job’s plot and interference studies 

In order to understand the stoichiometry ratio between receptor TPEA and CN ions, Job’s 

plot analysis was carried out. Job’s plots for the binding between TPEA and CN
-
 gave 1:2 

stoichiometry as maximum absorbance value comes at mole fraction value of 0.6. The data 

was confirmed by repeating the experiment three times
27

(Fig. 4.4). Binding constant (K) 

using the Benesi-Hildebrand equation (1)
28

 was found to be 4.16×10
7 

M
-1

.  

 

    
  

 

       
             )[   ])                                        ---------------------(1) 

Where “I0” is the emission intensity of compound TPEA at360 nm, “I” is the intensity at a 

particular wavelength, “Imax” is the maximum intensity, [CN
-
] is the concentration of CN

-
 

added during titration and K is the association constant in M
-1

.  

From the fluorimetric calibration plot (Fig. 4.3(c)), the limit of detection for the CN
-
 ions 

using TPEA as receptor was found to be 0.4 µM, which is much below the permissible limit 

of 1.9 μM for CN
-
 ions in drinking water as set by world health organization (WHO)

4
, using 

equation 3σ/slope (where σ is the standard deviation obtained from the intensity value of 10 

blank samples and m is the slope obtained from the calibration curve) (where, slope= 10.2) 

through standard deviation and linear fittings.
29

  



73 
 

 

Fig 4.4 Job’s plot of TPEA 

No alteration in the emission properties of TPEA was observed when an equivalent amount 

of competitive anions (OAc
-
, ClO4

-
, F

-
, Cl

-
, I

-
, H2PO4

-
 and HSO4

-
) were added. Similarly, 

addition of CN
-
 ions with an equivalent amount supposedly interfering anion did not show 

any difference in the intensity or emission wavelength of the TPEA-CN
-
 system (Fig. 4.5). 

Thus, none of the above-mentioned anions interfered in the selective detection of CN
- 
ions for 

the TPEA receptor in CH3CN: H2O (99:1; v/v) medium. 

 

Fig. 4.5 Fluorescence intensity of TPEA (1 mM) in CH3CN: H2O (99: 1; v/v) in the 

presence of competing anions (λex = 300 nm, λem = 498 nm) 
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Comparison of the proposed sensor with the previously reported literature for CN
-
 ions have 

been summarized in Table 4.2.  

Table 4.2 Comparison of the present work with existing state of art  

S. No. Signaling unit Media 
Mechanistic 

approach 

Detection 

limit 
Stoichiometry Ref. 

1 

 
Phenothiazine 

CH3CN-

H2O 
ICT 3.39 µM 1:1 

30
 

2. Terpyridine 
DMSO-

H2O 
AIE 1.09 µM - 

31
 

3. Naphthoquinone 

HEPES 

Buffer-

DMSO 

Deprotonation 1 µM 1:2 
32

 

4. Oligothiophene THF-H2O - 31.3 nM - 
33

 

5. Benzothiadiazole DMF-PBF 
Nucleophilic 

addition 
0.35 µM - 

34
 

6. Naphthopyran 
DMSO-

H2O 
ICT 0.7 µM 1:1 

35
 

7. Phenothiazine 
CH3CN-

H2O 

Nucleophilic 

addition 
3.2 nM - 

36
 

8. Naphthoquinone 

HEPES 

Buffer-

DMSO 

Nucleophilic 

addition 
69 nM 1:2 

37
 

9. Oligothiophene THF-H2O 
Nucleophilic 

addition 
0.2 µM 1:1 

38
 

10. Triphenylether 
CH3CN-

H2O 
ICT 0.4 µM 1:2 

This 

work 
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4.5 TPEA-CN
- 
system for the detection of water in acetonitrile 

The observed selectivity of TPEA for CN
- 
ions

 
in an aqueous medium as compared to those 

of F
-
 and OAc

- 
ions (as discussed above) encouraged us to investigate the behavior of former 

in the presence of water. Therefore, the fluorescence emission spectrum of TPEA-CN
-
 system 

was observed with a successively increasing ratio of water in ACN. Fig. 4.6 (a) shows a 

regular decrease in intensity of the TPEA-CN
-
 complex peak at 448 nm with simultaneous 

emergence of a new peak at 375 nm having isosbestic point at 425 nm. The blue shift in the 

presence of water can be attributed to the transfer of ionic equilibria of the cyanide ions 

towards partially aqueous ACN medium from pure ACN medium. The isosbestic point at 425 

nm indicates a clear change in the mechanism of fluorescence emission for TPEA-CN
-
 

system when highly polar CN
- 
ions

 
move from

 
relatively less polar ACN (dielectric constant 

37.5) to highly polar aqueous medium (dielectric constant 80.1).  
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Fig. 4.6 (a) Effect of water volume fraction on the TPEA-CN
-
 complex in CH3CN (b) 

Ratiometric response of the complex with added water (λex = 300 nm) 

We, therefore, envisioned using TPEA-CN
-
 system for the detection of water, as an impurity, 

in ACN. This is important for many applications due to the complete miscibility of water in 

ACN.
39

 Using data obtained from the above titrations (Fig. 4.6 (a)), a linear increase in 

fluorescence intensity was observed as shown in Fig. 4.6 (b), when peak intensity was plotted 

as a function of amount of water in ACN. Using equation 3σ / slope, the detection limit was 

found to be 0.05% (V/V). Reproducible results with RSD = 1.1% were obtained in a set of 

five readings. 

4.6 Detection and quantification of cyanide from real life samples using TPEA 

The high toxicity of cyanide, as well as environmental worries about its continuous industrial 

usage, has sparked interest in simple and sensitive cyanide detection technologies. 

Cyanogenic glycosides are found in over 2000 plant species, including fruits and vegetables, 

and produce cyanide when acid is hydrolyzed (e.g., as occurs when ingested). Cassava 

(tapioca, manioc), and sorghum are stapled foods for hundreds of millions of people in 

tropical nations. Therefore, selective detection of cyanide in such food products is of much 

importance.  

By using probe the TPEA, we subsequently investigated its ability to detect endogenous CN
- 

ions in the seeds of Indian almonds and cassava roots. The Standard Addition Method 
40

 was 

used to measure cyanide in real-life samples. Based on the calibration curve of TPEA with 
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spiked increasing concentration of tetrabutylammonium cyanide, the unknown concentration 

of cyanide in real-life samples solution of Indian almonds and cassava roots were determined 

to be 49.78(±2%) µM and 81.79(±3%) µM respectively as shown in Fig. 4.7 (a) and Fig. 4.7 

(b). 

 

 

Fig. 4.7 Calibration curve for cyanide ions using probe TPEA for the determination of 

CN
-
 in (a) unripe almond (b) cassava root, (R

2
= 0.984) 
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4.7 Electrochemical studies 

Voltammograms of TPEA were recorded in pure acetonitrile and acetonitrile: water (95:5, 

v/v) media. Since, presence of water is likely to solvate TPEA, leading to stabilization of the 

functional groups in primary amines, a detailed voltammetric study is reported only in 

acetonitrile as a medium.  

Experiments were conducted to investigate the oxidative power of the lone pair on imine 

nitrogen with that of nitrogen of amine group. As expected the lone pair in the latter case 

shows more prominent oxidative peaks in comparison to the lone pair of nitrogen of an imine 

group. DPV of TPEA with saturated nitrogen shows three prominent anodic peaks at 0.8, 

1.07, and 1.29 V whereas TPEI, due to unsaturated nitrogen, shows broad bands with peak 

maxima at 0.81, 1.2, and 1.5 V (Fig. 4.8 (a)). The voltammograms as detailed above are very 

good examples of shifting of peak maxima along with the refinement of their respective 

shapes. This proves enhanced oxidative nature of primary amine (TPEA) as compared to the 

secondary amine (TPEI). The cathodic DPV of the two amine molecules also supports the 

above discussion although the current magnitude and shapes of the bands are much poorer 

than the anodic DPV voltammograms (Fig. 4(b)).     
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Fig. 4.8 (a) Anodic (scan in the forward direction from 0.0 to 1.7 V) (b) Cathodic (scan 

in the reverse direction from 1.9 to -0.7 V) differential pulse voltammograms 

of TPEI (1 mM) and TPEA (1 mM) in CH3CN, 0.1 M TBAPF6, scan rate: 20 

mV/sec, working electrode:GC 

The practical applicability of triphenyl ether amine derivative (TPEA) was studied for 

chemical sensing of anions of environmental importance. DPV spectra were recorded for the 

receptor in the presence of anionic species like OAc
-
, ClO4

-
, F

-
, Cl

-
, I

-
, H2PO4

-
, HSO4

-
 and 

CN
-
, separately for each anion.  
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Fig. 4.9 (a) Anodic (scan in the forward direction from 0.0 to 1.8 V) (b) Cathodic (scan 

in the reverse direction from 2 to -1 V) differential pulse voltammograms of 

TPEA (1 mM) solution with and without the addition of CN
- 
(50 µM)

 
ions in 

CH3CN, 0.1 M TBAPF6, scan rate:20 mV/sec, working electrode:GC 

The most prominent shift in the anodic peak of TPEA was observed for cyanide ions as 

shown in Fig. 4.9 (a), where anodic peak maxima at 0.8 V, 1.07 V, and 1.29 V merged into 

one strong anodic peak maxima at 1.26 V. To differentiate the peak maxima of TPEA from 

that of CN
- 
ion, a DPV plot of tetrabutylammonium cyanide was recorded in ACN medium 

and is shown in the inset of Fig. 4.9. The anodic DPV maxima of CN
- 
ion appeared at 1.58 V 

while those of TPEA appeared in the range of 1.29 V to 1.35 V.  The reorganization of 

anodic peak maxima as mentioned above can be explained by accepting the theory of proton 

abstraction (deprotonation) from hydroxyl substituent on naphthalene moiety of TPEA. As 

expected, the cyanide substrate, which is tetrabutylammonium cyanide would take away the 

acidic proton from –OH group of phenyl group, leaving behind the phenolate anion which 

stabilizes itself through conjugation with the naphthalene ring via intramolecular charge 

transfer process.
41-43

 The bulky conjugate acid of tetrabutylammonium cyanide is bound 

electrostatically to the conjugated phenolate anion. The hydrogen of -OH group is abstracted 

by cyanide to form HCN which is likely to escape in the environment being a gaseous 

product. The presence of anodic peak maxima at 1.6 V supports the proposed hypothesis. 

Cathodic peak maxima corresponding to the anodic peak (at 1.6 V) could not be captured in 

the cathodic DPV, probably because of poor electrode kinetics of the reduction cycle of the 
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redox reaction. However, a broad cathodic peak of medium height was observed in the DPV 

spectrum of TPEA at 1.23 V on complexation with CN
-
 ions as shown in Fig. 4.9 (b).  

For quantitative measurement of CN
-
 ions, calibration curve of the host TPEA on the addition 

of CN
-
 ions was plotted. The spectra include the anodic current values at the applied potential 

of 1.26 V (Fig. 4.9 (a)). The calibration curve for the binding of the CN
-
 ions with the host 

was plotted and the regression coefficient was found to be 0.975 as shown in fig. 4.10. 

Hence, it is established that TPEA can be used for chemical sensing of cyanide ions in 

biological and environmental samples using ACN as a medium with glassy carbon as a 

working electrode and potential is applied at a scan rate of 20 mV/s. 

 

Fig. 4.10 Calibration curve between peak current and conc. of CN
-
 ions for quantitative 

measurement of CN
-
 using TPEA (1 mM), 0.1 M TBAPF6, scan rate: 20 

mV/sec, working electrode: GC 

4.8 Quantum mechanical calculations 

Proposed interactions between TPEA and CN
-
 were validated by density functional theory 

(DFT) calculations using the Gaussian 03W program by means of B3LYP function and 6-

31G basis set. Fig. 4.11 shows the minimum energy configuration of TPEA that undergoes 

rotation after interaction with two CN
- 
ions to acquire stability. It also shows that the basic 

CN
-
 ions interact with acidic hydrogen of the hydroxyl groups leading to the stabilization of 

the TPEA-CN
-
 system. Table 4.3 shows the gap between highest occupied molecular orbital 
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(HOMO) and lowest unoccupied molecular orbital (LUMO) of native TPEA decreasing from 

0.355 a.u to 0.141 a.u upon interaction with CN
- 
ions. Binding energies of TPEA and TPEA-

CN
- 
system

 
also show a decrease in their respective values. 

Table 4.3   Energy values (in a.u) of HOMO and LUMO for TPEA and its complex with 

CN
- 
using DFT calculations 

Receptor / Receptor-CN
- 
System Energy in a.u 

 EHOMO ELUMO Egap 

TPEA -0.266 0.089 0.355 

TPEA+CN
- 

-0.091 0.049 0.141 

 

Fig. 4.11 Quantum mechanical calculations of HOMO and LUMO of TPEA and TPEA-

CN
- 
using B3LYP/6-31G basis set 

4.9 Qualitative detection method of cyanide ions using TPEA 

A dip strip test was performed to assess the practical applicability of the proposed sensor for 

CN
- 
ions. Some paper strips (5 cm x 2 cm of whatman no. 1filter paper) were cut and dipped 

in the receptor solution (1 x 10
-3

M) made in acetonitrile medium. These strips were dried in 

an air oven at 50º C. These yellow-colored strips were then immersed in cyanide solution (1 x 

10
-2 

M) for 5 minutes and then dried in air. The color of the strip changed from yellow to 

orange as shown in Fig. 4.12. This change in color indicated the detection of cyanide ions. 
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Hence, the receptor TPEA can be used for naked-eye detection of cyanide ions. Similar 

experiment was repeated in aqueous medium also. Obtained results are shown in Fig. 4.12, 

which clearly indicated that the receptor TPEA shows naked eye results towards cyanide ions 

but not as clear as were obtained in pure acetonitrile solution. The plausible reason is that 

cyanide ions are highly polar in nature and have high hydration energy in aqueous medium 

which leads to weaken the interaction of cyanide ion towards TPEA. Therefore, synthesized 

probe can be used for analytical applications in acetonitrile medium. 

 

Fig 4.12 Paper strips coated with receptor (TPEA) (a) before and (b) after dipping in 

cyanide solution (ACN medium) (c) after dipping in cyanide solution (water 

medium)  

Conclusions 

A triphenyl ether amine (TPEA) derivative has been developed as a voltammetric and 

fluorimetric dual sensor for cyanide ions and water in acetonitrile medium. TPEA is also a 

naked eye colorimetric sensor which works on the mechanism of deprotonation and 

intramolecular charge transfer processes. The proposed receptor works well upto a 

concentration range of 400 µM with a detection limit of 0.4 µM and binding constant of 

4.16×10
7 

M
-1

. Common anions like HSO4
-
, H2PO4

-
, ClO4

-
, OAc

-
 and halides do not interfere 

in the working of the proposed probe. The synthesized probe has been validated on real-life 

samples like almonds and cassava roots for the detection of cyanide ions. The results were 

comparable with the reported colorimetric methods. 
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Chapter 5 

Electrochemical Trisensor for copper, cyanide and arginine supported with 

optical techniques 

This study demonstrated that synthesised receptor i.e. triphenyl ether amide have selectively 

responded to Cu(II) and CN
-
 ions in the presence of various cations and anions. Cu(II) ions 

were detected via host guest interaction mechanism and CN
-
 ions were detected using 

deprotonation mechanism as confirmed by 
1
HNMR titrations. Furthermore, Copper complex 

has detected argine among various amino acids using metal ion desplacement approach. For 

practical application, synthesized probe TPEAM have detected Cu(II) ions in different food 

samples. Interactions based on experimental results were in good agreement with the 

theoratical calculations.  

 

Schematic presentation of sensing behaviour of TPEA 
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5.1 Introduction 

Copper is the third most abundant transition metal after Fe(III) and Zn(II) in a human body.
1
 

It is recommended to take the proper dose of it in food every day. Many of proteins in the 

human body use copper ions in electron transport processes, or for normal functioning of the 

brain and nervous system. Yet, excess of copper ions in living cells can damage lipids, 

catalyze the production of reactive oxygen species (ROS) and cause several diseases such as 

Alzheimer’s disease, Indian childhood cirrhosis, and Wilson disease.
2-4

 According to the 

World Health Organisation (WHO), the maximum limit of copper in drinking water should 

be 1.3 ppm.
5
 The toxicity of copper is not only a concern to human species but has a great 

effect on the ambient environment too. An increased copper level has proven to be 

detrimental to the growth of stream insects, aquatic biota, and certain vegetation also. 

Therefore, the practical monitoring of Cu
2+ 

is highly required. 

Cyanide is one of the most toxic species as well as deadly to mankind. Yet, it is extensively 

used in many industrial processes, such as electroplating, gold mining, plastic manufacturing, 

herbicide, synthetic fibers, and resin industry. Because of its extensive use, it has been 

discarded to the environment as industrial wastewater in a huge amount of nearly 140,000 

tons per year worldwide.
6
 The toxicity of cyanide to mankind is due to its efficient binding to 

the active site of cytochrome oxidase which leads to interference in the electron transport 

chain in mitochondria.
7-9

 In addition to this, the presence of cyanide also causes vomiting, 

loss of consciousness, and ultimately to death.
10, 11

 According to the World Health 

Organisation (WHO), the concentration of cyanide in drinking water should not exceed 70 

µg/L.
12

 Also, the maximum contamination level of cyanide in drinking water is set to be 200 

µg/L by US EPA. Therefore, trace level detection of cyanide from different matrices such as 

food, water, soil, living cells, and blood is very much required. 

Arginine is a semi-essential amino acid that exists for tRNA, plays an important role in the 

synthesis of protein, wound healing, and cell replication. Reduced levels of arginine have 

been reported in various clinical conditions such as asthma, psoriasis, and reperfusion injury. 

Therefore, the detection of arginine in biological fluids has become an important goal.
13

 

Various kinds of analytical techniques are available for the detection of both copper and 

cyanide ions, but most of these techniques require tedious sample preparation procedure, 

skilled labour, costly and sophisticated instruments. To overcome these problems, differential 

pulse voltammetry (DPV) has become an important tool to characterize electrochemical 
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behaviour of the receptor and have various advantages such as lower detection limit, high 

selectivity, and less power requirement. Other than this, fluorescence spectroscopy is a 

promising tool for the trace level detection of cations and anions. This is because, 

spectroscopic techniques are easy to handle, operate, and are also cost-effective. 

There are a large number of receptors reported in literature which sense copper and cyanide 

ions, simultaneously. However, most of these sensors are sequential as the first sense copper 

ions and then cyanide ions. This is because of the high affinity of cyanide ions toward copper 

ions.
8, 14-18

 Very few reports are available where Cu
2+

 and CN
- 

ions are recognized by the 

receptor using different mechanisms and also in a non-sequential manner.
19, 20

 To this 

context, simple, facile, and efficient chemosensors are required for selective recognition of 

Cu
2+

 ions and CN
- 
ions using different approaches/mechanisms following the non-sequential 

pattern of sensing. Despite these studies, still there is a need to prepare metal-organic 

complex sensors for the sequential detection of amino acids.  

Herein, a novel triphenylether derivative with amide linkages is described as a trisensor for 

the selective detection of Cu
2+

, CN
-
 ions and arginine. The receptor ionophore TPEAM 

shows “ON-OFF” fluorescent selectivity for Cu
2+

 ions, which is a desirable result as Cu
2+

 

ions are paramagnetic and are strong fluorescence quencher. On the other hand, CN
-
 ions are 

detected quantitatively via an intramolecular charge transfer (ICT) process. The ICT process 

takes place due to the abstraction of the proton (deprotonation) from hydroxyl moieties of the 

naphthyl groups. Voltammetric results of Cu
2+

 and CN
-
 ions are corroborated with 

spectroscopic methods and 
1
H NMR titrations. Furthermore, the “ON-OFF” response of 

receptor TPEAM towards Cu
2+ 

ions leads us to use this complex for the detection of arginine 

following the “ON-OFF-ON” pattern based on metal displacement approach.  

5.2 Real-life sample preparation and determination 

5.2.1 Determination of Cu
2+

 ions in a multivitamin tablet 

Each tablet of a multivitamin was weighed precisely and crushed finely in a pestle mortar. 

One milliliter of concentrated nitric acid was added to the powder taken in a beaker and 

heated to near dryness under cover of a fuming hood. After cooling, the residue was again 

dissolved in another one milliliter of concentrated nitric acid and the solution was gently 

evaporated till it became colourless. The residue was again heated with 50 mL of distilled 

water, filtered off and diluted to 100 mL using a volumetric flask. An aliquot of this sample 

was taken and analyzed with the proposed method and Atomic Absorption Spectroscopy 
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(AAS).
21

 The procedure was repeated three times and measurements were made with each 

sample. 

5.2.2 Determination of Cu
2+

 ions in black tea 

Three samples of 1g each of dry black tea was weighed accurately and taken in a 100 mL 

beaker. Then 10 mL of nitric acid (8 mol/L) and 4 mL of perchloric acid were added to the 

tea sample followed by digestion on a hot plate kept in a fuming hood. The samples were 

oxidized completely until it became a clear solution. After filtration, each sample was diluted 

to 100 mL water using a calibrated volumetric flask. The copper content in black tea was 

determined with the proposed method and Atomic Absorption Spectroscopy (AAS).
21

 

5.3 Results and discussion 

5.3.1 Design of ionophore 

TPEAM receptor ionophore was designed following the strategy: the triphenyl ether group 

provides a suitable cavity for the target species and the amide linkages provide a suitable 

hetero atom environment along with the ethereal oxygen atoms to offer a good chance for 

chelation of the metal ion. Also, the presence of a naphthyl group provides fluorescence to 

the synthesized molecule. Therefore, we expected that the combination of triphenyl ether, 

amide linkage, and naphthyl group would show good chelation to metal ions and endow a 

unique photophysical and electrochemical properties. Thus, a novel receptor triphenyl ether 

amide (TPEAM) was synthesized using a two-step reaction sequence as described in chapter 

3. Characterization of the compound using 
1
H and 

13
C NMR confirmed formation of the 

product due to the appearance of an amidic proton at 12.3 ppm and carbon at 171.5 ppm. 

5.3.2 Electrochemical studies of TPEAM   

Differential Pulse Voltammetry (DPV) was performed to study the electrochemical behaviour 

of TPEAM (1.0×10
-4 

M) alone and in the presence of various metal ions such as Hg
2+

, Ni
2+

, 

Co
2+

, Fe
2+

, Fe
3+

, Mn
2+

, Ca
2+

, Pb
2+

, Mg
2+

, Cr
3+

, Zn
2+

, Cu
2+ 

in ACN-Water (90:10, v/v) 

medium. For TPEAM, a weak anodic DPV curve was observed at 0.89 V while no 

corresponding peak was observed in the cathodic DPV (Fig. 5.1). This voltammetric 

behaviour is expected from TPEAM, as there is no easily reducible functional group present 

in the molecule; a poorly defined anodic peak can be due to the oxidative tendency of lone 

pair on the nitrogen atom of the amide linkage. The anodic peak is very weak because of the 

–ve inductive effect of –C=O group, adjacent to the secondary amine in the molecule. 



91 
 

 

Fig. 5.1 Anodic and cathodic behaviour of TPEAM (1.0×10
-4 

M) in ACN-Water (90:10, 

v/v) medium, 0.1 M TBAPF6, scan rate of 50 mV/sec using GC electrode 

against Ag/Ag
+
 

Among various metal ions, it is interesting to find well-established maxima in both anodic 

and cathodic voltammograms of TPEAM-Cu
2+ 

complex (Fig. 5.2). This change in pattern 

provides evidence for the active interaction of Cu
2+ 

ions as a guest species in the pseudo 

cavity of TPEAM. The presence of Cu
2+ 

ions in the cavity is likely to attract electron 

donation (although weak) from the amidic nitrogen. The appearance of peak current maxima 

at 0.41 V and 0.75 V (Fig. 5.2(a)) in the anodic DPV may be due to oxidation of lone pair on 

nitrogen into two consecutive steps. During the reverse cycle, this oxidative lone pair of 

electrons is restored as observed by the cathodic peak current maxima at 0.41 V (Fig. 5.2(b)).  

It is very interesting to observe that a strong cathodic peak maximum is observed in the 

TPEAM-Cu
2+ 

complex which was missing in the DPV of TPEAM. The reason for this 

observed change is the electropositive character of Cu
2+

 species, which enhances the 

reductive tendency of the nitrogen in the reverse half cycle of the voltammogram To 

differentiate the peak maxima of TPEA from that of Cu
+2 

ion, a DPV plot of copper 

perchlorate was recorded and is shown in the inset of Fig. 5.2. To differentiate the peak 

maxima of TPEAM-Cu(II) complex from that of Cu(II)
 
ion, a DPV plot of copper perchlorate 

was recorded in ACN medium and is shown in the inset of Fig. 5.2. The anodic DPV maxima 
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of Cu (II)
 
ion appeared at -1.35 V and -0.9 V (Fig. 5.2 inset) while those of TPEAM-Cu(II) 

appeared in the range of 0.41 V to 0.75 V.   

 

 

Fig. 5.2 (a) Anodic and (b) cathodic DPV of TPEAM (1.0×10
-4 

M) in the presence of 

various
 
metal ions (20 µM) in ACN-Water medium at a scan rate of 50 mV/sec 

using GC electrode against Ag/Ag
+
 (Inset (a) anodic and (b) cathodic DPV of 

Cu(II) only) 
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For the quantitative measurement of Cu
2+

 ions, a cathodic peak current of TPEAM at 0.41 V 

was plotted against the concentration of Cu
2+

 ions, a straight line trend indicated the 

application potential of TPEAM as a voltammetric sensor. The calibration curve for the 

binding of the Cu
+2

 ions with the host was plotted and the regression coefficient was found to 

be 0.99 as shown in fig. 5.3. Hence, it is established that TPEAM can be used for chemical 

sensing of copper ions in environmental and biological samples using ACN as a medium with 

glassy carbon as a working electrode and potential is applied at a scan rate of 50 mV/s. 

 

Fig. 5.3 Calibration curve between peak current and concentration of Cu(II) ions for  

quantitative measurement of Cu
2+ 

using TPEAM (1.0×10
-4 

M); GC electrode 

against Ag/Ag
+
 in ACN:H2O medium at a scan rate of 50 mV/sec  

5.3.3 Photophysical behaviour of TPEAM towards Cu
2+

 ions 
 

Metal ion sensing ability of the receptor TPEAM (1.0×10
-4 

M) was also studied by UV-vis 

absorption spectroscopy for various metal ions such as Hg
2+

, Ni
2+

, Co
2+

, Fe
2+

, Fe
3+

, Mn
2+

, 

Ca
2+

, Pb
2+

, Mg
2+

, Cr
3+

, Zn
2+

, Cu
2+

 in ACN-Water (90:10, v/v) medium. As shown in Fig. 5.4, 

TPEAM shows absorption bands at 277 nm, 288 nm, 304 nm due to Π→Π
*
 and a weak band 

at 334 nm due to n→Π
*
 transitions. Among all the cations, Cu

2+ 
ions displayed high 

sensitivity towards TPEAM, as the addition of copper ions leads to the disappearance of 

receptor bands at 277 nm and 288 nm and the appearance of a single band with high 

absorption at 308 nm. However, no such spectral changes were observed with any other 

competitive metal ion, leading to the selectivity of TPEAM towards Cu
2+ 

ions. As all the 
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absorption changes occurred in the UV region i.e., below 400 nm, therefore no colour 

variation was observed with naked eyes.  

Formation of the Cu
2+ 

complex with TPEAM takes place via the coordination of Cu
2+ 

ions 

with the –NH groups of the amide linkage, ethereal oxygen atoms of TPEAM and water 

molecules present in the solvent system, as shown in Scheme 5.1. By using UV-vis 

spectroscopy, the binding property of TPEAM towards Cu
2+ 

ions were examined. Upon 

gradual addition of Cu
2+ 

ions into the TPEAM solution, the absorbance value at 308 nm 

started increasing and finally merged into a single band (Fig. 5.5) within the equivalent range 

of 0-1.6. The molar extinction coefficient (ɛ) was found to be 1.05×10
3
 M

-1 
cm

-1
, which 

suggests that metal to ligand charge transfer based transitions are taking place in the complex 

as this molar extinction coefficient value is too large to be Cu-based d-d transitions.
22

    

 

Fig. 5.4 Absorption spectral changes of TPEAM (1.0×10
-4 

M) in the presence of various 

metal ions (150 µM) in ACN-Water (90:10, v/v) system 

 

Scheme 5.1 The proposed sensing mechanism of TPEAM with Cu
2+

 ions 



95 
 

 

Fig. 5.5 Absorption spectral changes of TPEAM (1.0×10
-4 

M) with the incremental 

addition Cu
2+ 

ions  in ACN-Water (90:10, v/v) medium  

To determine the binding stoichiometry of TPEAM with Cu
2+ 

ions, Job’s plot
23

 studies were 

carried out and maximum absorption was observed when a mole fraction reached at 0.5, 

which signifies 1:1 stoichiometry between TPEAM and Cu
2+ 

ions and mole fraction was 

varied from 0 to1 (Fig. 5.6). 

 

Fig 5.6 Job’s plot between TPEAM and Cu
2+ 

ions in ACN-Water (90:10, v/v) medium 
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Further, fluorescence emission titration of TPEAM (50 µM) was conceded out with different 

concentrations of Cu
2+

 ions when the excitation wavelength was fixed at 340 nm. Upon the 

progressive addition of Cu
2+ 

ions, fluorescence quenching started taking place at 390 nm (Fig. 

5.7). Quenching was observed because of the paramagnetic nature of Cu
2+ 

ions which 

ultimately takes away electron (and hence energy) from the excited state of TPEAM, 

resulting in a fluorescence signal “turn off”.
24

 This quenching phenomenon was also 

confirmed by the change in the colour of TPEAM under UV light (365 nm) from weakly 

fluorescent (light blue) to non-fluorescent (colourless) after the addition of the copper ions 

(Fig. 5.7 (inset)). From the calibration curve of emission titration (Fig. 5.8), the detection 

limit
25

 of TPEAM for Cu
2+ 

ions was found to be 40
 
nM. The association constant (Ka) for 

TPEAM, calculated using the Benesi-Hildebrand equation, was 1.5×10
4
 M

-1
. Also, the 

quenching degree was calculated to be 88% using the formula: ƞ = (Io-I)/Io. 

 To study the potential of the receptor (TPEAM), for Cu
2+ 

ions, an interference study was 

conducted. For this, fluorescence spectra were recorded in the presence of an equivalent 

amount of various coexisting cations such as Ni
2+

, Co
2+

, Fe
2+

, Fe
3+

, Mn
2+

, Ca
2+

, Pb
2+

, Mg
2+

, 

Cr
3+ 

and Zn
2+

 (Fig 5.9). Different metal ions do not show any significant change in 

fluorescence intensity, which shows the selective and specific behaviour of TPEAM for Cu
2+

 

ions. 

 

Fig. 5.7 Fluorescence emission titration of TPEAM (50 μM) on addition of  

incremental amount of Cu
2+

 ions in ACN-Water (90:10, v/v) medium (λex = 

340 nm) 
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To validate the practical applicability of TPEAM towards Cu
2+

,
 
real-life sample analysis was 

carried out on multivitamin capsules and black tea samples. Results of Cu
2+

 concentration, 

determined with the proposed fluorescence method were compared with Atomic Absorption 

Spectroscopy (AAS) method. The results obtained from three replicate measurements are 

given in Table 5.1 that shows concentrations of Cu
2+ 

in samples with the AAS technique 

(Figure A5.1) agree with the proposed method. 

 

Fig. 5.8  Fluorescence emission intensity of TPEAM at 390 nm versus the conc. of Cu
2+

 

ions  in ACN-Water (90:10, v/v) medium 

 

Fig. 5.9 Fluorescence emission intensity of TPEAM at 390 nm  in presence of  different 

co-existing cations (λex = 340 nm) in ACN-Water (90:10, v/v) medium  
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Table 5.1 Results of three replicate determination of Cu
2+

 in real-life samples 

Sample Concentration (ppm) 

 Proposed method (Fluorescence) AAS method 

Multivitamin tablet 6.32 6.40 

6.28 6.33 

6.44 6.47 

Black tea 0.12 0.17 

0.11 0.14 

0.13 0.13 

5.3.4 Electrochemical behaviour of TPEAM towards CN
-
 ions 

Since the recognition units of a sensor behave distinctively towards cations and anions, 

therefore, developing such sensors that detect both cation and anion is a challenging task. To 

study the complexation behaviour of TPEAM (1.0×10
-4 

M) towards various anions 

(equivalent amount) such as HSO4
-
, H2PO4

-
, ClO4

-
, OAc

-
, F

-
, Cl

-
, I

-
, CN

-
, differential pulse 

voltammograms (DPV) were recorded in ACN-Water (90:10, v/v). Besides weak anodic 

peaks in the applied potential range of -0.5 V to 0.0 V, a major anodic peak was observed at 

0.71 V for TPEAM. The appearance of a weak anodic peak can be assigned to the poor basic 

character of the lone pair of electrons on ethereal oxygen. These anodic peaks do not show 

any change in their appearance even in the presence of various anions except cyanide ions. 

The strong anodic peak of TPEAM (due to lone pair of electrons on N atom of amide group) 

at 0.71 V move to higher applied potential in the presence of CN
-
 ions, because CN

-
 ions are 

bonded to the lone pair of nitrogen atoms of amide linkages. Hence, the lone pair electrons on 

nitrogen atoms lose their basic character leading to a shift of anodic peak from 0.71 V to 0.95 

V (Fig. 5.10).  

It is interesting to note the appearance of a new peak in the DPV of TPEAM-CN
- 
complex 

with maxima at 0.95 V unless TPEAM: CN
-
 stoichiometry becomes greater than 1:2. 

Successive additions of cyanide to the TPEAM solution do not show any further change in 

anodic voltammogram of TPEAM until the stoichiometry reaches to a particular ratio 
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(receptor: CN
-
::1:2). The chemistry of complexation between ligand and guest ion can be 

understood as following: 

1) As the guest species (CN
-
) is added to a solution of the host receptor (TPEAM) it faces 

two competitive chemical processes.  

a) the abstraction of a proton from –OH group of hydroxyl of naphthyl moiety 

b) binding with the –NH of amide group through H-bonding 

It is hypothesised that the process (b) starts only after the process (a) has reached the 1:2 

stoichiometric value. It is furthered explained that the new anodic peak does not appear till 

the cyanide addition keeps on abstracting a proton from the hydroxyl of naphthyl groups. 

After the stoichiometric addition of cyanide, further addition results in hydrogen bonding 

with proton on the amide –NH group. This H-bonded cyanide leads to a shift anodic peak at 

0.95 V. 

 

Fig. 5.10 Anodic DPV of TPEAM (1.0×10
-4 

M) in the presence of CN
- 
ions (20 µM) 

Cathodic DPV spectrum of TPEAM in presence of CN
-
 ions: It has been hypothesised in 

the above paras that the addition of CN
-
 ions lead to hydrogen-bonded interactions with –NH 

groups of the amides, thereby making the oxidation of lone pair more difficult. This proposed 

electrochemical process gets support from the appearance of a weak cathodic peak at 0.99 V 

(Fig. 5.11). Hence, the small broad peak in the cathodic DPV spectrum is due to the reduction 
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cycle of the lone pair oxidation. It also indicates the very slow kinetics of the redox process 

of the TPEAM molecule.   

 

Fig. 5.11 Cathodic DPV of TPEAM (1.0 × 10
-4 

M) in the presence of CN
- 
ions 

5.3.5 Photophysical behaviour of TPEAM towards CN
-
 ions 

The selectivity of TPEAM (1.0×10
-4 

M) was checked for various anions such as HSO4
-
, 

H2PO4
-
, ClO4

-
, OAc

-
, F

-
, Cl

-
, I

-
, CN

-
 in ACN-Water (90:10, v/v) medium by UV-vis 

spectroscopy. The receptor, TPEAM displayed absorption bands at 277 nm, 288 nm, 304 nm 

and at 334 nm. Among all the anions, only CN
-
 ions brought prominent changes in the 

spectrum, which defined selectivity of TPEAM (Fig. 5.12). 

Upon addition of CN
-
 to the receptor solution, the absorbance at 277 nm, 288 nm, and 304 

nm got enhanced significantly with a little redshift. The absorption band at 334 nm 

disappeared and a new band appeared at 376 nm. This pattern of the shift in bands was 

completely different from all other anions. To study the binding behaviour of TPEAM for 

CN
-
 ions, a titration experiment was conducted in ACN-Water (90:10, v/v) medium. Upon 

gradual addition of CN
-
 ions into the TPEAM solution, absorption intensity at 376 nm 

increased and reached the saturation value following the addition of 1.9 equivalents of CN
-
 

ions (Fig. 14). Bathochromic shift in UV-vis studies leads us to propose the mechanism as: 

removal of the proton (deprotonation) of hydroxyl groups of naphthyl moiety takes place 

which leads to the enhancement in the intramolecular charge transfer process and hence 

increases in absorption intensity.  
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The deprotonation 
26

 mechanism proposed for the sensing of CN
-
 ions by receptor TPEAM is 

shown in Scheme 5.2. From literature, it was observed that during intramolecular charge 

transfer processes, electron cloud of the organic moiety would likely to get shifted and 

reorganise itself in the presence of target species. Due to this shifting in cloud either redshift 

or blue shift would takes place in UV-vis spectra. In case of TPEAM also, red shift was 

observed in the presence of CN
-
 ions, which suggest that ICT process has taken place.   

 

Fig. 5.12 Absorption spectral changes of TPEAM (1.0×10
-4 

M) in the presence of an of 

various anions (200 µM) in ACN-Water (90:10, v/v)   

 

Fig. 5.13 Absorption spectral changes of TPEAM (1.0×10
-4 

M) after addition of 

incremental amounts of CN
-
 ions in ACN-Water (90:10, v/v) medium 
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 Scheme 5.2 The proposed sensing mechanism of TPEAM towards CN
- 
ions 

To confirm the stoichiometry of binding between TPEAM and CN
-
, Job’s plot analysis was 

performed in ACN-Water (90:10, v/v) medium. The maximum absorbance was found to be at 

a 0.6-mole fraction, which suggests 1:2 stoichiometry between TPEAM and CN
- 
(Fig. 5.14). 

The stoichiometry obtained from Job’s plot data is in good agreement with the UV-vis 

titration data of TPEAM with CN
-
 ions. 

Fluorescence emission spectroscopy was used to check the complexation behaviour of 

TPEAM towards CN
- 
ions in ACN-Water (90:10, v/v) medium. Following the excitation at 

340 nm, TPEAM shows only one emission band at 390 nm.  But on the incremental additions 

of CN
-
 ions, the band (390 nm) started decreasing and it is accompanied by the appearance of 

a new band at 443 nm with a redshift of 54 nm (Fig. 5.15). From the titration experiment, it 

was observed that the enhancement in the peak intensity at 443 nm is accompanied by a 

simultaneous decrease in intensity at 390 nm. Hence, this simultaneous behaviour indicates 

that the receptor TPEAM behaves ratiometrically towards CN
-
 ions. This ratiometric 

behaviour of probe TPEAM towards CN
-
 is quite useful as it gives fluorescence behaviour at 

two different wavelengths. This redshift phenomenon was also supported by the change in the 

colour of TPEAM under UV light (365 nm) from weakly fluorescent (light blue) to highly 

fluorescent (bright blue) after the addition of the cyanide ions (Fig. 5.15 (inset)).  

The optical dilution method was used to quantify the fluorescence quantum yields of TPEAM 

free ligand and CN
-
 complex based on a standard reference solution of quinine sulphate in 

0.05 M sulfuric acid. At 298°K, this standard solution yields 54% quantum yield. In a quartz 

cell with a 1 cm path length, all sample solutions were measured. This cell has an absorbance 

value of less than 0.1 for all wavelengths of excitation and emission, allowing light to pass 

through the sample uniformly and cancelling the effect of the inner-filter. The value was 

determined to be 15 % and 25 % for TPEAM and TPEAM-CN
-
 complex respectively. The 
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values are in accordance with fluorescence spectra and the inset picture of the receptor and 

complex. 

 

Fig. 5.14 Job’s plot between TPEAM and CN
-
 
 
ions in ACN-Water (90:10, v/v) medium 

 

Fig. 5.15  Fluorescence emission titration of TPEAM (100 µM) with incremental 

addition of CN
-
 ions in ACN-Water (90:10, v/v) (λex = 340 nm) 

 

 



104 
 

A calibration curve was plotted and used to understand the binding behaviour of TPEAM for 

CN
- 

ions. From fig. 5.16, it can be observed that the receptor-ligand complexation process 

can be split into two parts i.e., from 0.0 to 15.0 μM, a non-linear trend is observed while from 

15.0 to 35.0 μM, the intensity of emission peak increases linearly with R
2 

= 0.98. Hence, the 

latter part of the curve is proposed as a working concentration range. The calibration curve 

for the CN
-
 ions was repeated 3 times to confirm its reproducibility. From this curve, the 

detection limit
25

 for CN
-
 ions was found to be 0.4 µM. 

 

Fig. 5.16  Fluorescence emission intensity of TPEAM at 443 nm versus the conc. of CN
-
  

ions in ACN-Water (90:10, v/v) (λex = 340 nm) 

Another important feature of a potential receptor is its selectivity towards the particular target 

ion in the presence of other co-existing anions. Therefore, competitive experiments were 

carried out by adding an equivalent amount of CN
-
 ions, as that of other anions to the solution 

of TPEAM in ACN-Water (90:10, v/v) medium (Fig. 5.17). Various other co-existing anions 

do not show any significant change in fluorescent intensity at 443nm (λex = 340nm) for CN
-
 

ions, which describes the selective and specific behaviour of TPEAM for CN
-
 ions.  

5.3.6 
1
H NMR titrations 

To support the hypothecated mechanism (Scheme 5.2) as described in spectroscopic and 

electrochemical studies of the receptor TPEAM with CN
-
 ion in section 5.3.4 & 5.43.5, 

1
H 

NMR titration was carried out in solvent CDCl3. In the case of pure TPEAM, 
1
H NMR 

chemical shift (δ) for –OH proton is located at 12.3 ppm. After the addition of 2.0 equivalents 
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of CN
-
 ions to the TPEAM solution, the characteristic -OH signal disappeared which 

confirmed the deprotonation of the -OH proton from the naphthyl ring (Fig. 5.18). This 

deprotonation of -OH group was also supported by the up field shift of protons of the receptor 

due to the negative charge developed after the deprotonation of the hydroxyl group leading to 

the delocalization of the charge through naphthyl rings.
27

  

 

Fig. 5.17 Fluorescence emission response of TPEAM (100 µM) at 443 nm in presence of  

different co-existing anions (λex = 340 nm)  

 

Fig. 5.18 
1
H NMR titrations of TPEAM with 2equivalents of CN

- 
ions in CDCl3 
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5.3.7 Interference study  

On one hand, TPEAM exhibits selectivity for Cu
2+

 ions among various cations and on the 

other hand, it also shows selectivity for CN
-
 ions among various anions. But from literature, it 

is observed that CN
-
 ions, being highly basic, tend to bind with metal cations in a sequential 

manner
8, 17, 18

 (Table 5.2). Therefore, inspired by the sequential sensing behaviour of CN
-
 

ions, we further studied the role of CN
- 
ions on TPEAM-Cu

2+
 complex and vice-versa.  

Table 5.2 Literature reports following sequential sensing of anions 

S. No Chromophore unit Ions Pathway followed Media Ref 

1. Pyrimidine Cu
+2

/CN
- 

Metal-ion 

displacement 

DMSO-H2O 
28

 

2. Carbazole Cu
+2

/CN
-
 Complexation DMSO-Buffer 

22
 

3. Spirobifluorene Cu
+2

/CN
-
 Metal-ligand 

displacement 

ACN-Buffer 
29

 

4. Rhodamine Al
+3

/F
- 

&AcO
- 

Metal-complex 

dissociation 

MeOH-DMSO 
30

 

5. Coumarin Al
+3

/F
-
 - DMSO-H2O 

31
 

6. Pyrimidine Cu
+2

/S
2- 

Demetallation DMSO-Buffer 
32

 

7. Imidazole Al
+3

/PPi Metal-complex 

displacement 

Buffer 
33

 

8. Polyethyleneimine Cu
+2

/PPi Metal-complex 

dissociation 

H2O 
34

 

9. Pyrenemethylamine Zn
+2

/H2PO4
- 

Demetallation DMSO 
35

 

10. Benzildihydrazone Cu
+2

/CN
-
 Displacement MeOH- H2O 

18
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To study the behaviour of CN
-
 ions towards TPEAM-Cu

2+ 
complex, a competitive 

experiment was conducted in the presence of five equivalents of cyanide ions as that of one 

equivalent of TPEAM-Cu
2+

 complex (Fig. 5.19), no spectral changes were observed in the 

absorption band of TPEAM-Cu
2+

 complex.   

 

Fig. 5.19 Fluorescence response of TPEAM (10 µM) in the presence and absence of Cu
2+

 

and CN
-
 ions in ACN-Water (90:10, v/v)   

It is well known in the literature that highly basic CN
-
 ions can coordinate with Cu

2+
 ions to 

form complex as [Cu(CN)x]
n-

. However, in the case of TPEAM, CN
-
 ions were unable to 

impact the TPEAM-Cu
2+ 

complex, which lead us to propose that TPEAM is extremely 

selective for Cu
2+ 

ions over CN
- 
ions. To confirm the above-mentioned statement, a reverse 

experiment was also conducted and it was observed that in the presence of both Cu
2+ 

ions and 

CN
- 

ions in the receptor solution, TPEAM selectively choose Cu
2+ 

ions over CN
- 

ions for 

sensing. Therefore, obtained data confirm the selectivity of TPEAM for Cu
2+ 

ions over CN
- 

ions and rules out the possibility of sequential sensing. 

5.3.8 Fluorescence spectroscopic study of TPEAM-Cu
2+

 complex towards arginine 

Since it has been reported that amino acids and peptides interact with Cu
2+ 

ions very 

strongly
13, 36

 therefore, we wish to check the selectivity of the TPEAM-Cu
2+

 complex towards 

various amino acids. The fluorescence study of TPEAM-Cu
2+

 complex (10 μM) with various 

amino acids (10 equivalents) such as asparagine, lysine, arginine, tryptophan, proline, 
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glutamine, histidine and cysteine were carried out in ACN-Water (90:10, v/v) medium. As 

shown in Fig. 5.20, among various amino acids, the only arginine showed spectral changes at 

λmax=390 nm (λex = 340 nm). The binding properties of TPEAM-Cu
2+

 complex towards 

arginine were studied by fluorescence titration experiment.  

 

Fig. 5.20 Fluorescence spectral changes of TPEAM (1x10
-4

 M) in the presence of various 

amino acids (200 µM) in ACN-Water (90:10, v/v)  

On incremental addition of arginine to the solution of TPEAM-Cu
2+

 complex, the spectral 

band at 390 nm started rising and reached to the maxima nearly at 8 equivalents 

concentration of the amino acid (Fig. 5.21). This regular increase in band intensity at 

λmax=390 nm (λex = 340 nm) demonstrated that Cu
2+ 

ion slowly started coming out of the 

cavity of the receptor and the TPEAM regenerated itself. After the addition of nearly 8 

equivalents, a clear band at 390 nm, of similar height as that of TPEAM was seen, which 

means that TPEAM has completely revived in the solution. From the observed data, we 

propose that the TPEAM-Cu
2+

 complex might have followed the metal ion displacement 

approach, due to stronger metal-amino acid linkage
37, 38

 (Scheme 5.3).  

The binding mode between the TPEAM-Cu
2+ 

complex with arginine was revealed by using 

Job’s plot analysis. The job’s plot exhibited the 1:1 stoichiometry of TPEAM-Cu
2+

 complex 

and arginine (Fig. 5.22). From titration, the lower detection limit of arginine was found to be 

4 μM, based on 3σ method.
25

 Also, using the Benesi-Hildebrand equation, the binding 
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constant of the TPEAM-Cu
2+

 complex for arginine was determined to be 0.3×10
3 

M
-1

. Hence, 

this proposal of the complexation of arginine with Cu
2+

 from the TPEAM-Cu
2+

 complex can 

be used as a method for the determination of arginine concentration. 

 

Fig. 5.21 Fluorescence response of TPEAM-Cu
2+ 

complex (1x10
-4

 M) after the addition 

of incremental amount of arginine in ACN-Water (90:10, v/v) medium 

 

Fig. 5.22 Job’s plot between TPEAM-Cu
2+ 

complex and arginine
 
ions in ACN-Water 

(90:10, v/v) medium 
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Scheme 5.3 The proposed sensing mechanism of TPEAM-Cu
2+

 complex with arginine 

 

To further study the ability of the TPEAM-Cu
2+

 complex for arginine, interference study was 

performed in the presence of the above-mentioned amino acids. When the TPEAM-Cu
2+

 

complex was treated with 8 equivalents of arginine in the presence of other amino acids of 

the same concentration, no interference was observed (Fig. 5.23).  

 

Fig. 5.23 Fluorescence emission response of TPEAM-Cu
2+

 complex in the presence of  

various amino acids at 390 nm (λex =340 nm) 

Hence, the TPEAM-Cu
2+

 complex method can be used for the selective detection of arginine 

in the ACN-Water (90:10, v/v) medium.  The selectivity of TPEAM-Cu
2+

 complex for 

arginine over other amino acids could be due to the conformational flexibility of its long side 

chain and the presence of large guanidinium moiety which delocalizes its positive charge 

over many atoms that are involved in the conjugated Y-Π system
36

. These results demonstrate 

that the TPEAM-Cu
2+

 complex could be an excellent fluorogenic sensor for arginine with 

high selectivity over other amino acids.  
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5.3.9 Molecular logic gate preparation 

From the differential behavior of receptor TPAM towards Cu (II) ions and CN
-
 ions, we 

realized that that the present work can serve as a potential for the molecular logic gate 

system. Molecular logic gates transfer input stimulations into output signals using intrinsic 

protocol. With the help of a binary logic system, two chemical inputs (10 equiv. of Cu (II) 

and CN
-
) are provided to chemosensor TPAM for molecular switching behavior. From 0 and 

1, we can have the information of the presence or absence of particular species at a particular 

wavelength (threshold) in receptor solution. There are two input signals, viz. In1 (Cu (II)) and 

In2 (CN
-
), whereas the output signals are Out1 (E 390 nm) and out2 (E 443.5 nm).  With two 

different inputs, different emission spectra were observed as shown in fig.5.24. Monitoring 

the emission changes at 390 nm and 443.5 nm i.e. the addition of Cu (II) and CN
- 

and an 

equimolar mixture of Cu (II) and CN
-
,
 
logic gates are represented in a truth table (Table 5.3). 

Upon addition of Cu (II) into TPAM solution, fluorescence quenching takes place at 390 nm, 

which is represented by the binary digit 0 (off) and upon addition of CN
-
, there is s a new 

peak at 443.5 nm with valuable intensity, therefore, represented by the binary digit 1 (on).  

 

Fig. 5.24 Design of molecular logic gate for the detection of Cu (II) ions and CN
-
ions 
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Table 5.3 Logic gate represented in a truth table 

In1 

(Cu (II)) 

In2 

(CN
-
) 

Out1 

(E 390) 

Out2 

(E 443.5) 

0 0 1 0 

1 0 0 0 

0 1 0 1 

1 1 0 0 

5.3.10 Quantum mechanical calculations 

Proposed interactions of TPEAM towards Cu (II) and CN
-
 were validated by density 

functional theory (DFT) calculations using the Gaussian 03W program by means of B3LYP 

function and 6-31G basis set. Fig. 5.25 shows the minimum energy configuration of TPEAM 

that undergoes rotation after interaction with guest ions to acquire stability. It also shows that 

both Cu (II) and CN
-
 interact well with the coordinating sites of the receptor molecule 

(TPEAM). Table 5.4 shows the gap between highest occupied molecular orbital (HOMO) and 

lowest unoccupied molecular orbital (LUMO) of native TPEAM decreases from 0.152 a.u to 

0.146 and 0.018 a.u for CN
-
 and Cu (II), respectively. Apart from this, shift in electron 

density can be clearly seen in case of complex as compared to the probe TPEAM. 

Table 5.4   Energy values (in a.u) of HOMO and LUMO for TPEA and its complex with 

CN
- 
using DFT calculations 

Receptor / Complex
 
System Energy in a.u 

 EHOMO ELUMO Egap 

TPEAM -0.216 -0.064 0.152 

TPEA+ CN
-
 -0.036 0.109 0.146 

TPEA+ Cu (II)
 

-0.355 -0.336 0.018 
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Fig. 5.25 Quantum mechanical calculations of HOMO and LUMO of TPEAM, 

TPEAM-CN
- 
and TPEAM-Cu (II), using B3LYP/6-31G basis set 

Conclusions 

Triphenyl ether-based receptor has proven to be an efficient voltammetric and optical sensor 

for Cu
2+ 

and CN
-
 ions via host-guest and intramolecular charge transfer based interactions, 

respectively. The TPEAM-Cu
2+

 complex did not follow sequential sensing for the detection 

of CN
- 

ions as observed from interference studies. The voltammetric performance of the 

novel receptor TPEAM for Cu
2+

 and CN
-
 ions has been validated with spectroscopic studies 

and 
1
H NMR titrations. The synthesized receptor has been used to determine Cu

2+ 
ions from 

real-life samples such as multivitamin tablets and black tea. Furthermore, the TPEAM-Cu
2+

 

complex has been successfully used to sense arginine over other amino acids from aqueous 

acetonitrile medium.    
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Chapter 6 

A highly selective Schiff base for recognition of Al
+3

 and CN
-
 and its 

antibacterial activity against E. coli 

Herein, a Schiff base receptor was prepared for the selective detection of cations and anions. 

Al
+3

 and CN
-
 were two ions which were selectively detected by the receptor in ACN: Water 

(90:10, v/v) solvent medium. Naked eye response of the receptor and its complex was 

captured under UV lamp (365 nm). Apart from analytical studies, antibacterial activity of the 

probe and its aluminium complex was carried out. Via fluorescence imaging, and SEM 

analysis interaction between the organic moiety and bacteria was established.     

 

Schematic presentation of sensing behaviour of probe PDI 
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6.1 Introduction 

Al
3+

 has been, by far, the most abundant metallic element (8.3 % by weight) in the earth’s 

crust and the third most abundant element after oxygen and silicon.
1
 It has been widely used 

in our routine life for various purposes such as electrical transmission, cookies sheets, 

medicines, paper industry, and food additives. Even being so useful, aluminium has various 

harmful effects not only to environment but also to biological systems as well. An increased 

level of aluminium in soil and water is harmful to growing plants as well as for aquatic 

ecosystem. In human body, increased level of aluminium is a matter of great concern because 

it damages the central nervous system and induces various disorders such as dementia, 

rickets, kidney failure, memory loss, and neuronal disorder. In addition to this, aluminium 

can stay inside the human cells and tissues for long time which causes diseases like 

Parkinson's, amyotrophic lateral sclerosis, and Alzheimer's. According to the World Health 

Organisation (WHO), weekly intake amount of aluminium should not be more than 7 mg/kg 

of the body weight. Therefore, detection of aluminium ions is of major concern so as to 

control its impact not only on environment but also on mankind.
2-5

  

Among various anions, cyanide is considered as one of the deadliest poisons to mankind. 

This nature of cyanide ion is because of its interference in electron transport chain in 

mitochondria as it binds well with the active site of cytochrome oxidase. Also, its presence 

can cause loss of consciousness, vomiting, and ultimately death.
6-10

 According to the World 

Health Organisation (WHO), in drinking water, concentration of cyanide should not exceed 

from 70 µg/L.
11

 Also, maximum contamination level of cyanide in drinking water is set to be 

200 µg/L by US EPA. Despite it being a well-known poison yet it has been extensively used 

in many industrial processes such as electroplating, gold mining, plastic manufacturing, 

herbicide, synthetic fibers, and resin industry. Because of its extreme use, it has been 

discarded to the environment in a huge amount nearly 140,000 tons per year worldwide. Due 

to its widespread presence in the environment, trace level detection of poisonous cyanide 

from different matrices such as food, water, soil, living cells, and blood is very much 

required.  

Various conventional analytical techniques have been used for the detection of cations and 

anions but fluorescent sensors have turned out to be a promising tool because they are easy to 

handle as well as operate and are cost-effective also. On the other hand, conventional 

techniques require tedious sample preparation procedures, skilled labor, high cost, and 

sophisticated instruments. Other than spectroscopic techniques, differential pulse 
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voltammetry (DPV) is an important tool to understand the electrochemical behavior of the 

compound and its complexation behavior towards cations and anions.  

There are few reports in literature where synthesized probes have detected Al
+3

 and CN
-
 ions 

using different mechanisms.
12-15

 But, effect of water on selective detection of these probes 

has not much explored. To this context, simple and efficient chemosensors are required for 

the selective detection of Al
+3

 and CN
-
 ions in aqueous environment and the role of water 

should be explored well as both Al
+3

 and CN
-
 ions have high hydration energy.   

Hereby, in this chapter we report imine linkage based moiety as a dual sensor for the naked 

eye detection of Al
+3

 and CN
-
 ions in aqueous acetonitrile solvent mixture. Synthesis of the 

receptor ionophore, phenylene diimine (PDI), has already been reported in literature,
16

 while 

it has not been used as a probe in analytical chemistry. The PDI showed selective behavior 

for Al
+3

 ions following the combination of PET-CHEF (photoinduced electron transfer - 

chelation induced enhanced fluorescence) mechanism. PDI has also detected CN
-
/F

-
 ions 

through deprotonation mechanism. PDI showed “Turn On” behavior for anions and its 

mechanism has been confirmed by 
1
H NMR titrations. Results obtained from photophysical 

techniques are confirmed by electrochemical techniques and DFT studies. PDI exhibited real-

life application by detecting Al
+3

 from environmental water samples. We have also 

demonstrated the efficient antibacterial activity of the synthesized probe and its aluminium 

complex against E. coli bacteria using ampicillin as a standard drug.   

 

Phenylene diimine (PDI) 

Fig. 6.1 Structure of PDI
16
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6.2 Results and discussion 

6.2.1 Behaviour of PDI towards Al
+3 

ions 

The UV-Vis spectroscopic properties of PDI (1 mM) were investigated in ACN: Water 

(90:10, v/v). PDI was yellow in color and exhibited spectral bands at 317 and 363 nm. On 

addition of different metal ions, viz., Hg
2+

, Ni
2+

, Co
2+

, Fe
2+

, Fe
3+

, Pb
2+

, Cr
3+

, Zn
2+

, Cu
2+

, Al
3+  

to the solution of PDI, only Al
+3 

ions made prominent changes in the spectra and no other 

cation registered their presence in the solution of PDI (Fig. 6.2). Spectral changes were also 

confirmed by the change in the color of PDI from light yellow to light green after addition of 

the aluminium ions (Fig. 6.2 (inset)).     

 

Fig. 6.2 Effect of various metal ions on absorption spectrum of PDI (1 mM) in ACN: 

Water (90:10, v/v)  

On gradual addition of Al
+3

 ions to the solution of PDI, absorption intensity at 363 nm 

decreased and concomitantly a new absorption band appeared at 406 nm 454 nm and 483 nm. 

Absorption band intensity at 317 nm shifted to 351 nm progressively on the addition of Al
+3 

ions to the solution of PDI (Fig. 6.3). Thus, PDI can detect Al
+3

 ions within the equivalent 

range of 0.0 - 2.5 through UV-Vis absorption spectroscopy. From Job’s plot,
17

  the binding 

stoichiometry of PDI was found to be 1: 1 for Al
+3

 as absorption maxima was found at 0.5 

mole fraction when mole fraction was varied from 0 to 1 (Fig.6.4). 
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Fig. 6.3 Effect of addition of Al
+3 

(0-360 μM) ions on absorption spectrum of PDI (1 

mM) in ACN: Water (90:10, v/v)  

 

Fig. 6.4 Job’s plot diagram of PDI with Al
+3 

ions 

Even though receptor PDI responded best towards Al
+3 

in pure ACN as observed from fig 

6.5. Yet considering the application of the probe for Al
+3

 detection in real-time samples it 

was desirable to check the performance of the probe for Al
+3

 in the presence of a mixture of 

solvents. Hence, experiment was conducted to check the response of probe for Al
+3

 detection 

in ACN mixed with different ratios of water, as water is undisputedly present in ACN 
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solvent. Since the performance of probe in mixed solvent medium was best with the ratio of 

ACN: Water as 90:10, v/v, therefore, chosen to work upon. The probe detected Al
+3

 

selectively even in the presence of Fe
+3

 and Cr
+3

 ions which are likely to accompany Al
+3

 in 

the wastewater samples (Fig. 6.6).  

 

Fig. 6.5 Optimization of water ratio for the selective detection of Al
+3 

ions 

 

Fig. 6.6 Selectivity of Probe 1 in 100% ACN solvent 
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Afterwards, to gain better understanding of the interaction of PDI (50 μM)  with various 

metal ions viz., Hg
2+

, Ni
2+

, Co
2+

, Fe
2+

, Fe
3+

, Pb
2+

, Cr
3+

, Zn
2+

, Cu
2+

, Al
3+ 

ions (5 µM), 

fluorescent spectral responses were recorded  in ACN: Water (90:10, v/v) solvent medium. 

On excitation at 360 nm, receptor  was weakly fluorescent with a band position at 460 nm but 

on addition of Al
+3

 ions (perchlorate salt), receptor band got shifted to 504 nm with increase 

in intensity and no other cation brought such prominent change in the emission spectra of 

PDI (Fig. 6.7). 

 

Fig. 6.7 Effect of various metal ions (5 μM) on emission spectrum of PDI (50 μM) in    

ACN: Water (90:10, v/v)  

Upon titration of PDI with Al
+3

 ions, ratiometric behavior of probe was observed with 

shifting in band position from 460 to 504 nm. Not only shifting in band position but 

enhancement in intensity was also observed (Fig. 6.8). The intensity ratio at 460 and 504 nm 

varied from 0.3 to 7.24, indicating 24-fold emission intensity ratio change. From the 

ratiometric calibration curve of emission titration, detection limit of the PDI was found to be 

6.7x10
-7 
M using 3σ method (Fig. 6.9) 

18
. The binding constant was calculated by using 

Benesi-Hildebrand
19

 equation and the value found to be 0.314x10
4 

M
-1

.
 
Thus, the PDI can be 

used to estimate Al
+3

 ions within the equivalent range of 0-4 through fluorescence 

spectroscopy.  

To check practical ability of the PDI towards Al
+3

 ions, interference studies were conducted 

in ACN: Water (90:10, v/v) solvent medium. In the competitive experiment concentration of 
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interfering ions was equal to that of Al
+3

 ions. As seen from Fig. 6.10, no significant 

interference was observed in the selective detection of Al
+3

 ions in the presence of other 

metal ions.  

 

Fig. 6.8 Effect of addition of Al
+3  

(0-3.6 μM)ions on absorption spectrum of PDI (50 μM) 

in ACN: Water (90:10, v/v)  

 

Fig. 6.9 Ratiometric calibration plot between intensity (I504/460) and conc. of Al
+3

 ions 
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Fig. 6.10 Black bars represents selectivity of PDI (50 μM) in presence of different metal 

ions in ACN: Water (90:10, v/v) medium and pink bars show the competitive 

selectivity of PDI in the presence of Al
+3

    

Determination of Al
+3

 in water samples 

To study potential analytical applications of PDI for the detection of aluminium in water 

samples, experiments were conducted on the samples drawn from ground water of Thapar 

Institute Campus. From different locations of Thapar Institute of Engineering and 

Technology, Patiala, two water samples were collected and used for the detection of Al
+3 

ions. After spiking the water samples with aluminium, the content was found to be 11-13 

ppm using Atomic Absorption Spectroscopy (Fig. A6.1) and the proposed method. 

Satisfactory results were obtained in a set of triplicate (Table 6.1) experiments. Thus, PDI can 

be applied successfully for the determination of Al
+3

 ions in environmental water samples. 

The method of detection of Al
+3

 ions has been validated by government approved laboratory. 
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Table 6.1 Results of three replicate determinations of Al
+3

 in water samples 

Sample Concentration (ppm) 

 Proposed method (Fluorescence) AAS method 

 

Water sample 1 

12.34 12.61 

12.37 12.82 

12.31 12.74 

 

Water sample 2 

11.78 12.38 

11.83 12.35 

11.85 12.45 

     

Electrochemical behavior of PDI towards Al
+3

 ions 

A diimine derivative of benzene (PDI) has been explored as a voltammetric probe for the 

detection of Al
+3

 ions. Its selectivity for Al
+3 

ions is based on the exploratory work carried out 

using UV spectroscopy and spectrofluorimetry techniques. Voltammograms of PDI was 

recorded in both ACN and ACN: water (90:10, v/v) media using glassy carbon as working 

electrode, platinum as a counter, and Ag/AgCl as a reference electrode at an optimized scan 

rate of 50 mV/sec (Fig. 6.11). In ACN, anodic DPV has two major current maxima at -0.25 V 

and 0.62 V with weak maxima at 0.9 V. It was interesting to observe the relatively sharpened 

current maxima with enhanced current magnitude when the voltammogram of PDI was 

recorded in solvent mixture of ACN and water in the ratio of 90:10. Sharpening of peak is 

proposed to be due to transition of intramolecular H-bonding to intermolecular H-bonding as 

the medium is changed from pure ACN to ACN: H2O (90:10, v/v) mixture. In the absence of 

water in the medium, there exists H-bonding between each nitrogen atom of imine group with 

hydrogen of –OH group attached at ortho position to each naphthyl group. In presence of 

water in the medium, this intramolecular H-bonding is lost in favor of intermolecular H-

bonding between the two hydroxyl groups through a chain of water molecules in the solvent. 

Sharpening of the peaks in aqueous ACN medium is because of the better oxidative 

environment for the lone pair of electrons on nitrogen of each imine group, hence, leading to 

better defined anodic peak maxima.
20
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Fig. 6.11 Voltammetric response of PDI (1
 
mM) in ACN and ACN: H2O (90:10, v/v) 

system, 0.1 M TBAPF6, scan rate: 50 mV/sec, working electrode:GC 

Anodic voltammogram of receptor PDI was also recorded in the presence of Al
+3

 ions to 

know about its complexing ability with the metal with the receptor. Inspired from the effect 

of water on the selective detection of Al
+3

 ions, metal complexation study was carried out in 

both ACN and ACN: H2O (90: 10, v/v) media. In the absence of water, anodic 

voltammogram of PDI showed broad peak at -0.25 V and 0.62 V while in the case of its 

complex with Al
+3

 ions, well-defined respective peaks were observed at -0.05 V and 0.79 V 

(Fig. 6.12). Anodic voltammogram of PDI in the presence of Al
+3

 was also recorded in ACN 

solvent medium containing 10 % water. The voltammogram showed a sharp splitting of the 

peak at -0.25 V into two maxima at -0.17 V and 0.12 V, while the broad peak maxima at 0.62 

V and 0.9 V merged to a well-defined current maximum at 0.81 V (Fig. 6.13).  

Following the above mentioned results, two hypotheses are proposed based on the behavior 

of PDI and its aluminium complex in ACN and ACN: H2O (90:10, v/v) system.  

(a) Sharpness of peaks, as observed in the presence of Al
+3

, is due to the shift in 

electronic environment in the pseudo cavity near imine N atoms from metal 

complexation to the lewis base character, as indicated by the strong and sharp anodic 

peaks in the voltammograms. Al
+3

 gets preferably engaged with hydroxyl species and 

water molecules than with the lone pair of N atoms of the imine group. 
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(b) In the absence of water in the medium, relatively broader peaks were observed which 

might be due to the complexation of Al
+3

 with two nitrogen of imine group as well as 

ACN solvent, thereby lone pair of electrons on imine nitrogen atoms do not fully 

exercise their Lewis basic character.   

Application of the voltammetric method in quantitative determination of Al
+3 

Inspired from the observed sharp anodic peak maxima at 0.81 V, a calibration curve of the 

host PDI was drawn between anodic current values recorded at successively increased 

amounts of Al
+3

 in a partially non-aqueous medium of ACN: H2O (90:10, v/v). The 

calibration curve for the binding of the Al
+3

 ions with the host PDI was plotted and regression 

coefficient was found to be 0.985. It implies the linear binding with the Al
+3

 is taking place. 

A linear response of the plot between the anodic current and Al
+3

 content was repeated at 

least five times to confirm its reproducibility (Fig. 6.14). A relative standard deviation of 

calibration curve was observed as 1.3 %.  

 

 

Fig. 6.12 Response of PDI (1 mM) and PDI-Al
+3

 complex in ACN solvent, 0.1 M 

TBAPF6, scan rate: 50 mV/sec, working electrode:GC 
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Fig. 6.13 Anodic DPV of PDI (1 mM) and PDI-Al
+3

 in ACN: H2O (90:10, v/v) system, 0.1 

M TBAPF6, scan rate: 50 mV/sec, working electrode:GC 

 

 

Fig. 6.14 Calibration plots of peak current of PDI
 
versus the conc. of Al

+3 
ions, 0.1 M 

TBAPF6, scan rate: 50 mV/sec, working electrode:GC 
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6.2.2 Behaviour of PDI towards CN
-
/F

- 

Sensing properties of  PDI (1x10
-4

 M) were examined for various anions like HSO4
-
, H2PO4

-
, 

ClO4
-
, OAc

-
, F

-
, Cl

-
, CN

- 
 using their respective tetrabutylammonium salts in ACN: Water 

(90:10, v/v). 

 

Fig. 6.15 Effect of various anions (400 µM) on absorption spectrum of PDI (1 mM) in    

ACN: H2O (90:10, v/v)  

 Upon addition of various anions, only CN
-
 and F

-
 brought significant changes in absorption 

spectra of PDI and no other anion showed any shift in the absorption spectra (Fig. 6.15). 

Upon addition of CN
-
 and F

-
 ions, absorption bands at 369 nm diminished with simultaneous 

appearance of a new band at 412 nm. To gain better understanding, titration of PDI was 

conducted with CN
-
 ions and it was observed that the band at 369 nm got shifted to 412 nm 

with a bathochromic shift of 43 nm. Using UV-Vis spectroscopy, the PDI has been 

successfully used to determine CN
-
/F

-
 ions over a wide range of 0 - 360 μM (Fig. 6.16).  

From the Job’s plot,
17

 the binding stoichiometry of the probe was found to be 1: 2 for CN
-
/F

-
 

ions as absorption maxima was found at 0.6 mole fraction when mole fraction was varied 

from 0 to 1 (Fig. 6.17.) 

Emission properties of PDI were checked for various anions such as HSO4
-
, H2PO4

-
, ClO4

-
, 

OAc
-
, F

-
, Cl

-
, CN

- 
in ACN: Water (90:10, v/v). On excitation at 360 nm, PDI was weakly 

fluorescent at 460 nm and showed “turn on” behavior for CN
-
 and F

-
 ions at the same 
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wavelength while no other anion showed any prominent change in the emission intensity of 

the PDI (Fig. 6.18). Titration experiment was conducted for PDI with CN
-
 ions and it was 

found that with the addition of 20 μM CN
-
, there was enhancement in intensity at 460 nm 

indicating fluorescence “turn on” behavior of PDI (Fig. 6.19).  

 

Fig. 6.16 Effect of addition of CN
- 
ions on absorption spectrum of PDI (1 mM) in ACN:  

H2O (90:10, v/v)  

 

Fig. 6.17 Job’s plot diagram of PDI with CN
- 
ions 
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Fig. 6.18 Effect of various anions (20 μM) on emission spectrum of PDI (50 μM) in 

ACN: H2O (90:10, v/v)  

 

Fig. 6.19 Effect of addition of CN
- 
ions on emission spectrum of PDI (50 μM) in ACN: 

water (90:10, v/v) 

Using Benesi-Hildebrand equation
19

 the binding constant was calculated to be 0.143x10
3
 M

-1
 

with the lowest detection limit
18

 of 0.1 μM (Fig. 6.20). The limit of quantification was found 

to be 0.56 μM. For successfully applying the sensor on to real samples, knowledge about the 

enhancement in intensity is of great importance. The emission intensity at 504 nm varied 
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from 257.06 a.u. to 771.42 a.u. indicating 3-folds enhancement in intensity. Similar changes 

were observed for F
-
 ions which indicated that both anions follow the same mechanism.  

 

Fig. 6.20 Plots of emission intensity at 460 nm vs [CN
-
] ions of PDI 

To check the practical applicability of PDI-CN
-
 complex towards various anions, competitive 

experiment was conducted. In this experiment, concentration of the competitive anions such 

as HSO4
-
, H2PO4

-
, ClO4

-
, OAc

-
, F

-
, Cl

-
 was equal to the concentration of the CN

-
 ions. No 

significant variation was observed in the emission spectra of the PDI-CN
-
 complex when 

comparing the results with or without the presence of competitive ions. These results clearly 

indicate that the probe PDI is selective in nature and is able discriminate CN
-
 and F

-
 ions 

from various other anions present in the same solution of receptor. As already discussed in 

the above paragraph, probe PDI does not differentiate between CN
-
 and F

-
 ions. Therefore, 

the proposed probe works for both CN
-
 and F

-
 ions in a similar way. Even little amount of 

water could not differentiate between the two target ions. Black bar represents selectivity of 

PDI (5 μM) upon addition of different anions in ACN: Water (90:10, v/v) and pink bars show 

the competitive selectivity of the probe in presence of CN
-
 (Fig. 6.21).  

1
H NMR titrations of PDI with CN

-
 ions 

To get further insight into the mechanism of interaction 
1
H NMR titration was conducted 

between PDI and CN
-
 ions. Upon addition of 2 equivalents of CN

-
 ions, 

1
H NMR spectrum of 

the PDI showed shifting in various signals. Signal at 10.79 ppm disappeared completely in 
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the presence of cyanide ions (Fig. 6.22), which demonstrates that deprotonation of hydroxyl 

group took place. In addition to this, protons of naphthyl group of PDI got upfield shifted due 

to the delocalization of negative charge that developed after deprotonation of hydroxyl 

group.
21

 

 

Fig. 6.21 Emission intensity profile of PDI-CN
-
 complex in presence of interfering ions 

 

Fig. 6.22 Partial 
1
H NMR spectral (10.9-6.7 ppm region) changes of PDI in the presence 

of 2equivalents of cyanide ions in CDCl3 
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6.2.3 Proposed binding approach of PDI towards Al
+3

/CN
- 

The imine linkage in PDI provides a suitable electronic environment in the molecule. The 

unrestricted torsional rotation for imine linkage will deactivate the excited state. Deactivation 

took place via utilizing the energy in molecular motions which leads to weak fluorescence of 

the probe and hence resulted in a photoinduced electron transfer (PET) process. Presence of 

lone pair of electrons on nitrogen atom of the imine linkage is likely to undergo the PET 

process through its electron donation tendency, while presence of  Al
+3

 in the vicinity of PDI 

suggested coordination of Al
+3

 with nitrogen atom of imine linkage and hydroxyl molecule of 

naphthyl moiety. Thus, electron transfer process from nitrogen to naphthyl group got stopped 

and hence PET process got blocked and triggered the strong emission of PDI in the presence 

of Al
+3

 ions. Moreover, PDI- Al
+3 

complex gained structural rigidity which lead to 

fluorescent enhancement through CHEF-PET phenomena (Scheme 6.1).  

Likewise, the optimization of PDI-CN
-
 complex resulted in deprotonation of hydroxyl proton 

as confirmed by 
1
H NMR titrations and stabilization of complex by 0.078 kcal/mol 

energy,
22,23

 which clearly predicts the resistance in PET process and ultimately triggered the 

emission intensity.  

 

Scheme 6.1 Proposed sensing mechanism of PDI with Al
+3

 and CN
-
 ions 

6.2.4 PDI- Al
+3

 system for the detection of water in acetonitrile 

The selectivity of PDI for Al
+3

 ions in ACN: Water (90: 10, v/v) encouraged us to investigate 

the behavior of PDI-Al
+3

 complex in the presence of increasing amount of water in ACN 

solvent. Fig. 6.23 shows a regular decrease in intensity of the complex peak at 504 nm. This 

decrease in intensity indicates that the complex is getting stabilized in the ACN: water 

medium with an increased ratio of water in ACN medium. Also, it has been optimized that an 
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increased amount of water provides greater number of ion-dipole bonds which lead to greater 

solvation of complex in partially aqueous media with enhanced ionic environment.  

 

Fig. 6.23 Effect of addition of water on emission spectra of PDI-Al
+3 

complex 

 

 Fig. 6.24 Plot of emission intensity at 504 nm vs % age of water 
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We, therefore, envisioned using PDI-Al
+3

 system for the detection of water, as an impurity, in 

ACN. This is important for many applications due to the complete miscibility of water in 

ACN.
22

 Using data obtained from the above titrations (Fig. 6.24), a linear decrease in 

fluorescence intensity was observed when peak intensity was plotted as a function of 

percentage of water in ACN. Using equation 3σ / slope,
18

 the lower detection limit of water in 

ACN was found to be 0.4%. Reproducible results with RSD = 1.1% were obtained in a set of 

five readings. 

6.2.5 Antibacterial activity and cell imaging 

The antibacterial activity of PDI and its complex with Al
+3

 was carried out against non-

pathogenic bacterial strain, namely E. coli, using broth dilution method. At first, various 

parameters such as growth period of bacteria, concentration of organic moieties, and 

inhibition time scale were optimized. Concentration of both organic moieties i.e. PDI and 

PDI-Al
+3

 was optimized to be 40 µg/ml. The antibacterial activity was found to be increasing 

sequentially with an increasing concentration of both PDI and PDI-Al
+3

. This shows that both 

organic moieties can inhibit the growth of bacteria more effectively in a concentration-

dependent manner.
24

 While optimizing time scale it was found that PDI is quite effective 

within 60 minutes of its addition into the bacteria solution (Fig. 6.25).  

Broth dilution method was used to study the antibacterial activity of the PDI and PDI-Al
+3

 

complex towards E. coli bacteria in 60 minutes with same concentration of compound and 

complex against standard drug ampicillin. ACN solvent was taken as a negative control. Bar 

graph (Fig. 6.26) demonstrates that both compound and its metal complex exhibited effective 

percentage activity against E. coli bacteria, whereas, ampicillin was not very much effective 

within the said time span. PDI exhibited 89 % activity and complex exhibited 94 % activity 

but there was no inhibition in bacterial growth in case of ampicillin drug. The reason for 

increases in antibacterial activity of complex can be explained based on Tweedy’s chelation 

theory 
25

 and Overtone’s concept 
26
. According to overtone’s concept, liposolubility is one of 

the most important factors to control the antibacterial activity of the compound. This is 

because lipid membrane around the cell wall favors the passage of only lipid soluble 

materials. According to chelation theory, polarity of the metal reduces on coordination, 

principally because of the partial sharing of its cations with the donor group. Moreover, 
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delocalization of pi-electron took place over the whole chelate ring, which results into the 

increase in lipophilicity of the chelate, which in turn favor the easy permeability of the 

complex through the lipid layer of bacterial membrane than the corresponding ligand. This 

process, in turn, may block the enzymatic activity of the bacteria by stopping the respiration 

process of the microorganism.  

 

Fig. 6.25 Bar graph presenting optimization of concentration and time 

 

Fig. 6.26 Comparative study of inhibition of PDI, PDI-Al
+3

 complex, aluminium and 

ampicillin drug against time intervals
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For practical biological application, fluorescence imaging experiment was carried out. Since 

both PDI and its aluminium complex showed excellent fluorescence properties, therefore 

employed to check their behavior with the E. coli bacteria. Bacteria itself was non-fluorescent 

therefore, no fluorescence was observed in case of pure bacteria (Fig. 6.27 (a)), but when 

bacteria were incubated with PDI and its aluminium complex separately then red color 

fluorescence was observed under the excitation in green light lamp (Fig. 6.27 (b, c)). 

Fluorescent images have demonstrated that both organic moieties have interacted well with 

the bacteria. Moieties can interact with the cell wall leading to its disruption or can enter the 

bacteria through permeable channels. Presence of organic moieties on the cell wall of bacteria 

was confirmed by bacteriolysis using bead beating method. Absorbance spectra of the probe 

and its aluminium complex after bacteriolysis was similar to as that of pure probe and PDI-

Al
+3 

complex
27

 (Fig. 6.28).  

For more information, SEM analysis was carried out to check the morphology of E. coli 

before and after treatment with PDI and its aluminium complex. Untreated bacteria had rod-

shaped structure with smooth surface (Fig. 29(a)). In case of treated E. coli with organic 

moieties showed disoriented pattern of bacterial cells, multiple depression and indentation 

indicating damage of the cell wall or cell membrane of the bacteria (Fig. 29 (b, c)) 
28

. SEM 

images support the fluorescence imaging experiment. 

 6.2.6 Theoretical studies 

In order to provide insight into the mode of complexation, structure of PDI and its complex 

with Al
+3

/CN
-
 were optimized by B3LYP functional in combination with 6-31G basis set. 

Presence of cyanide ions caused deprotonation of hydroxyl group as proposed and confirmed 

by 
1
H NMR titration of PDI with cyanide ions. And in other case, Al

+3
 lies in close proximity 

of the probe and showed strong interaction with hetero atoms. Table 6.2 shows the gap 

between highest occupied molecular orbital (HOMO) and lowest unoccupied molecular 

orbital (LUMO) of native PDI and upon its complexation with Al
+3

 and CN
-
 ions. Obtained 

values clearly indicate that gap between HOMO and LUMO has decreased when Al
+3

 and 

CN
-
 came into the picture which states that stable complexation has taken place (Fig. 6.30).   
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Fig. 6.27 Fluorescence microscopic images of (a) untreated bacteria (b) treated bacteria 

with   PDI (40 µg/ml) (c) treated with PDI-Al
+3

 complex (40 µg/ml) 

 

Fig. 6.28 Absorbance spectra of PDI and PDI-Al
+3

 complex before and after 

bacteriolysis 

 

Fig. 6.29 SEM images of (a) untreated bacteria (b) treated bacteria with   PDI (40 

µg/ml) (c) treated with PDI-Al
+3

 complex (40 µg/ml) 
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Table 6.2   Energy values (in a.u.) of HOMO and LUMO for PDI and its complex with 

Al
+3

/ CN
- 
using DFT calculations 

Receptor / Complex
 
System Energy in a.u 

 EHOMO ELUMO Egap 

PDI -0.190 -0.063 0.127 

PDI-Al
+3 

-0.542 -0.515 0.027 

PDI-CN
-
 0.066 0.144 0.078 

 

 

Fig. 6.30 Optimized structure of PDI, PDI-Al
+3

 and PDI-CN
- 

Conclusions 

A diimine derivative of benzene (PDI) showed selective behavior towards Al
+3

 and CN
-
/F

-
 

ions among various cations and anions in ACN: H2O (90:10, v/v) medium. Al
+3

 ions were 

detected via restriction in the PET process and the results were corroborated with 

electrochemical studies. A mechanism based on deprotonation of the hydroxyl groups of the 

ionophore explained the selective behavior for CN
-
/F

-
 ion detection, which was confirmed by 

1
H NMR titrations. PDI was successfully tested for Al

+3
 detection in spiked water samples as 

real-time application, through fluorescence technique. Also, the PDI- Al
+3 

complex has been 

developed as a new method for the detection of water in acetonitrile solvent. All the results 

for cation as well as anion were in good agreement with theoretical studies. PDI and its 
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aluminium complex have shown excellent antibacterial activity against E. coli bacteria using 

ampicillin as a standard drug.    
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Brief summary 

In summary, the work done in this thesis demonstrates the synthesis procedure of 

triphenylether and triphenylamine based moieties. Sensing behaviour of the synthesised 

moieties was checked for various anions and cations. Different kind of parameters such as 

solvents system, concentration of analyte and properties of hetero atoms were discussed in 

detail. Novel structure design of these triphenyl derivatives has given them a specific 

environment, cavity size and proper hetero atom arrangement for the detection of target 

species. Various kinds of techniques such as UV-VIS spectrometer, fluorescence 

spectrometer, differential pulse voltammetry and DFT were used to understand the 

mechanism of interaction between receptor and target species. For real life application, 

selected metal cations and anions were detected from various food samples and the results 

obtained with these food samples were in good agreement with the atomic absorption 

spectroscopy.  

Receptor TPEA have detected CN
- 

ions with a detection limit of 0.4 μM in aqueous 

acetonitrile solvent medium. A paper strip based tool kit was also fabricated for onsite 

detection of target ions. Probe TPEAM have detected Cu (II) and CN
-
 ions with a detection 

limit of 40 nM and 0.4 μM respectively. Cu (II) complex of probe have detected amino acid 

using metal ion displacement approach. Other than this, molecular logic gate was designed 

for the detection of target species using their emission wavelength. Water being non polar has 

pronounced effect on sensing, therefore, role of water on the selective detection of metal ion 

as well as detection of organic solvent was also explored.   

Apart from this, one molecule having Schiff base linkage was explored for detection of Al 

(III), CN
-
 and F

-
 ions. Limit of detection was found to be 6.7x10

-7
M for Al (III) ions and 

1x10
-7

M for CN
-
 and F

-
 ions. Furthermore, the role of receptor and its metal ion complex was 

explored towards the antibacterial activity of the nan-pathogenic bacteria E. coli. Mechanism 

of interaction between organic moieties and bacteria was established via fluorescence 

imaging and SEM technique. Percentage inhibition of both the organic moieties has proved to 

be efficient antibacterial agents.  

These findings demonstrate detailed sensing behaviour of triphenyl derivatives towards 

cations, anions and amino acids. Synthesised probes have proven to be excellent chromogenic 

and voltammetric sensors that can be used for various biological applications.         
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Appendix 

 

Figure A3.1 
1
HNMR data of TPEA 

 

 

 

Figure A3.2 
13

CNMR data of TPEA 
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Figure A3.3 
  
Mass spectra of TPEA 

 

 

Figure A3.4 
1
HNMR data of TPEAM 
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Figure A3.5 
13

CNMR data of TPEAM 

 

 

Figure A3.6 Mass Spectrum (ESI-MS) of TPEAM 

 

 

 

Figure A3.7 
1
HNMR data of TPAN 
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Figure A3.8 
13

CNMR data of TPAN 

 

 

Figure A3.9 
1
HNMR data of TPAA 

 

 

 

Figure A3.10 
13

CNMR data of TPAA 
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Figure A3.11 
1
HNMR data of PDI 

 

 

 

Figure A3.12 
13

CNMR data of PDI 
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Figure A5.1 Detection of Cu
+2 

by standard AAS method 

 

 

Figure A6.1 Detection of Al
+3

 by standard AAS method 



150 
 

List of publications 

 Shivali Gupta, Manmohan Chhibber
*
, Susheel K. Mittal, Amine derivative of 

triphenyl ether as an optical sensor for the detection of cyanide ions and traces of 

water in acetonitrile supported with voltammetric studies, Journal of Applied 

Electrochemistry (2020) 50 (2):185-195          (IF=2.8) 

 Shivali Gupta, Susheel K. Mittal
*
, Manmohan Chhibber, Triphenyl Ether Amide as a 

Probe for Electrochemical and Optical Sensing of Copper, Cyanide and Arginine, 

Journal of the Electrochemical Society (2020) 167 (16):167506       (IF=4.3) 

 Susheel K. Mittal
*
, Manmohan Chhibber, Shivali Gupta, Imine derivative as an 

analytical probe for Al
+3

, F-and CN
-
 sensing with antibacterial activity against E. coli-

an application of electrochemical and spectrofluorimetric techniques, Microchemical 

Journal (2021) 168: 106500            (IF=4.8) 

 Shivali Gupta, Susheel K. Mittal
*
, Manmohan Chhibber, Solvent and substituent 

effect on selectivity    of   triphenylether based ionophores: A voltammetric study 

(Communicated) 

 

Publications in national and international conferences 

1. Poster Presentation in “8
th

 National Symposium on Advances in Chemical Sciences” 

held on February 15-16, 2019 at Guru Nanak Dev University, Amritsar. 

 

2. Poster presentation in “Professor Ram Chand Paul National Symposium on 

Emerging Chemical Innovations for Swachh, Swasth & Sarvatra Bharat” held on 

February 27-28, 2020 at Punjab University, Chandigarh. 

 

3. Certificate of participation in “National Virtual Conference on Recent Advances in 

Analytical Techniques-2020” held on August 16-17, 2020 via online mode. 

 

4. Certificate of participation in “International Workshop on “Supporting Chemistry 

Research with modern DFT (Density Functional Theory): Software, Techniques, and 

Applications” held on February 5-16, 2021 via online mode. 

 

5. Oral presentation in International Scientific Conference “Current Problems of 

Chemistry, Materials Science and Ecology” held on May 12-14, 2021 in Lutsk, 

Ukraine via online mode. 

 

 


	List of content


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

