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ABSTRACT 

Selective chemosensors for determination and quantification of various types of molecular target 

analyte are very important in many fields including chemistry, medicine, and biology. This dissertation 

describes the efforts of chemosensors for the sensing of metal ions (Hg(II), Fe(III) & Pd(II)) and 

pharmaceuticals (cephradine & pefloxacin mesylatye). First chapter describes general introduction about 

chemosensors and nanoparticles. While in the second chapter, synthesis of two new sulfonate and 

sulfonamide based fluorescent chemosensors, their characterization by EI-MS and 
1
HNMR and 

synthesis of gold nanoparticles and silver nanoparticles stabilized Schiff bases have been explained. The 

synthesized nanoparticles have been characterized by UV-vis spectrophotometric, FTIR and AFM 

techniques. The average size of synthesized silver nanoparticles were found to be 20-30 nm, and were 

polydispersed nanoparticles as evidenced by atomic force microscopy. The average size of synthesized 

gold nanoparticles were found to be 11 nm and were polydispersed. To ascertain the potential for in vivo 

application, the stability of all synthesized nanoparticles was investigated as a function of pH, 

temperature and salt concentration. The water suspension of gold nanoparticles were found to be stable 

for several days at a temperature  up to 100 
0
C, a pH range of 2-13 and salt (NaCl) concentration 5mM-

0.01mM.  For chemosensing study metals salts and pharmaceuticals were used. The main goal was to 

achieve sensing in water, which is a prerequisite for application to real blood and tap water samples. The 

first analyte of choice was heavy metal ion i.e. Hg. The already synthesized probe 218 exhibited marked 

selectivity for Pb
+2

 and Hg
+2 

over 10 other metal ions under physiological buffer condition. Owing to 

Hg
+2

 undesirable effects on the environment and the health concerns associated with Hg exposure, this 

fluorescent probe represents an appealing target and efficient chemosensor for Hg
+2

. The fluorescence of 

each solution was measured and the resultant intensity is plotted against concentration of Hg
+2

 added 

which shows linear relationship from 10 to 6 μM with a limit of detection of Hg
+2

 was 0.05 μM and a 



regression coefficient of 0.907. Another bis-triazol-based fluorescent chemosensor, used as a best 

sensor for pefloxacin, the chemosensor showed marked quenching among 10 other drugs of interest in 

aqueous solution, with maximum quenching in intensity at pH 6-8. A novel supramolecular molecular 

tweezers based on a biphenyl bis-triazole hexahydroquinoline system was used for highly sensitive 

and selective fluorescent probe for recognizing and detecting cephradine in the presence of other drugs 

at pH of 7.7. The detection limit was calculated to be 1 µM with a regression coefficient of 0.99. The 

competivity study, pH sensitivity of the sensor was also studied. The chemosensor allowed the detection 

of cephradine in tape water too. 

Among the nanoparticles synthesized, the main attention was paid to the gold nanoparticles 

chemosensing properties. A pyrazinium thioacetate stabilized gold nanoparticles have been 

synthesized and were found an excellent sensor for heavy metal Fe(III) and Pd(II) ions in water, 

without any particular pretreatment. The detection method for Fe(III) by using gold nanoparticles was 

elegantly applicable over a wide range of pH (2-13) and concentrations (1-100 μM). The regression 

constant (R
2
) calculated 0.9813, while the limit of detection (LOD) and the limit of quantification 

(LOQ) for Fe
+3

 ions was found to be 4.3 μM and 13.19 μM, respectively. The same pyrazinium 

thioacetate stabilized gold nanoparticles showed colorimetric change from win-red to grey in the 

presence of Pd(II). LOD and LOQ for Pd
+2

 ions were found to be 4.23 μM and 12.83 μM, respectively. 

Schiff base stabilized gold nanoparticles displayed great selectivity and exhibited best chemosensor 

properties for pefloxacin in aqueous solution, A linear relationship was almost found when the 

concentration of pef was between 80 µM to 0.01 µM with a linear regression equation of y=0.0015x + 

0.0373 with R
2 

= 0.9839. LOD was calculated 12.1 µM. The competivity study, pH sensitivity of the 

sensor was studied. These gold nanoparticles were found to be potent colorimetric sensor and display a 



very high selectivity for Fe(III), Pd(II) and pefloxacin. The nanoparticle used for the drug sensing 

allowed the detection of pefloxacin in human serum by simple UV-vis spectroscopic measurements. 
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1.1 INTRODUCTION TO CHEMOSENSORS 

A chemical sensor can be regarded as „„a receptor that interacts with a substance producing a 

detectable change in a signal‟‟[1]. The definition given by IUPAC, a chemical sensor (Chemosensor) 

is a device that converts chemical information, (ranging from intensity of a specific sample 

component to total composition analysis,) into analytically suitable signal [2]. Chemosensors can be 

divided on the basis of the signal emitted by the active unit. They may be, calorimetric, optical and 

electrochemical. In optical sensing, identification process is related with spectroscopic measurement, 

e.g. measurement of absorbance, luminescence. Fluorescence & UV-visible spectroscopy due to 

their fast and easy implementation, are generally used in optical reporting [3-13]. For different target 

analyte, series of research efforts has been spent, so as to synthesize more effective sensory devices. 

The detection of ions is vital as many industrial and agricultural processes can lead to the release of 

ions to the environment, if left unchecked these can have devastating effects. A major research effort 

is being focused towards finding inexpensive, reliable and simple ways of detecting ions in solution. 

In classical methodologies, they need collection, shifting and final pre-treatment of the sample and 

after all they require costly instrumentation that was used only by the expert team. For recognition 

process, an effective sensor relies heavily on signal-to-noise ratio (S/N), response time, LOD and 

selectivity [14, 15]. For the identification and transduction processes, design of novel sensor 

materials is in the process of development. The future envisages that greater interest and legal 

requirements for environmental, food and water monitoring will increase the need of detection of 

ionic species, selectively at very lower concentrations. Chemosensors have wide application in 

foodstuff, environmental monitoring, beverage analysis, in medicinal diagnosis, explosives for 

security reasons and in monitoring lethal gases [16-24]. Chemosensors have crossed all these 



boundaries as they are inexpensive and uses friendly analytical tools. On the basis of supramolecular 

chemistry, researchers are very successful in the designing of new effective chemosensors [23-25].  

1.2. OPTICAL SENSORS  

The optical sensors further can be classified into two categories.  

1.2.1. CHROMOGENIC CHEMOSENSORS 

In chromogenic type of chemosensors, the coordination site binds the guest in such a way 

that signaling unit shows the changes in color. 

1.2.2. FLUOROGENIC CHEMOSENSORS   

In fluorogenic chemosensors the interaction between the coordination site and the guest 

moiety shows the changes in fluorescence behavior of the signaling unit. First of all, fluorescence 

measurements are very sensitive, selective with high detection limit (parts per billion/trillion), is the 

second most important feature, high response time as fast as 10
−8

 −10
−10

s, easy to perform, and 

inexpensive too [26-28]. The success of this group of sensors may be explained by several 

characteristics that distinguish fluorescence from other methods used in chemical sensing [29-35]. 

Also noteworthy are the very high spatial resolution that can be achieved with fluorescence (e.g. in 

detecting cellular images), and the non-destructive and noninvasive character of fluorescence sensing 

(which allows biological and medical applications). Finally, the most important advantage of 

fluorescence sensing is its versatility, which allows its accomplishment in solid, liquid and gaseous 

media. Furthermore, the fluorophore photo physical properties can be easily changed by electron 

transfer, energy transfer, charge transfer, the influence of the sensing material, and the destabilization 



of nonemissive n-π* excited states [23]. Consequently, a large number of work using fluorescent 

chemosensors have been done [36-42]. 

1.3. MOLECULAR RECOGNITION 

In molecular recognition, there is specific interaction between two or more molecules such 

as hydrophobic forces, metal coordination, hydrogen bonding, through non-covalent bonding  [43, 

44], van der Waals forces, π-π interactions, halogen bonding, electromagnetic and/or electrostatic 

effects [45]. The classical lock and key principle describes the dealings of components due to their 

shape and rigidity. 

1.3.1. TYPES OF MOLECULAR RECOGNITION 

Molecular recognition is subdivided into; 

1.3.1.1. STATIC MOLECULAR RECOGNITION AND 

1.3.1.2. DYNAMIC MOLECULAR RECOGNITION  

Static molecular recognition describes the 1:1 type complexation reaction between a key 

and a keyhole, in which there is interaction between a guest molecule and a host molecule forming 

guest- host complex. It is therefore, necessary for static molecular recognition to make recognition 

sites that are only specific for host molecules so as to come in contact with guest molecule. While in 

the case of dynamic molecular recognition, the first guest binding to the host, affects the 

association constant of a second guest with a second binding site [46]. They may be positive 

allosteric system or negative allosteric system. In the case of positive allosteric systems, there is 

increase in the association constant of the second guest by the first guest binding. In negative 

allosteric systems, there is decrease in association constant of the second guest, by the first guest. 

http://en.wikipedia.org/wiki/Molecule


1.4. MECHANISM OF ACTION OF CHEMOSENSORS 

Host-guest interactions can be exploited in the design of chemical sensors [47]. 

Chemosensors consist of three basic components, (i) a chemical receptor responsible for molecular 

recognition, the guest of interest usually with high selectivity, (ii) a transducer or signaling unit 

(responsible for signaling the recognition) which converts that binding event into a measureable 

physical change and finally (iii) a spacer (a chemical bridge that links the receptor and the transducer 

controlling their separation and geometric arrangement [48] (Scheme 1). 

 

Scheme 1 Schematic diagram showing binding of a guest (an analyte) by a host (chemosensor), 

producing a complex with new optical properties 

1.5. TYPES OF CHEMOSENSORS 

Chemosensors can be classified into two main categories: 

1.5.1. INTEGRATED CHEMOSENSORS  

When the signaling unit is part of the binding unit (and vice-versa), the sensor is referred to 

as integrated chemosensor [9, 48]. The most ancient examples of this class of compounds are pH 

indicators, where a change in the protonation state of a colored molecule results in a change in 

coloration. 

 



1.5.2. CONJUGATED CHEMOSENSORS 

These types of sensors are made of a binding unit, which is selective for the desired analyte, 

and a reporting unit, which role is to signal the absence or presence of analyte at the binding unit. A 

spacer physically connects the binding and the signaling units. The signaling unit-spacer-receptor 

triad was extensively used in the context of supramolecular analytical chemistry. It makes the design 

of a sensor much more flexible than the „„integrated sensor‟‟ approach, given that the various parts 

can be separately optimized and tuned before being combined to form the desired sensor. 

1.7. INTRODUCTION TO NANOTECHNOLOGY 

The term „„nanotechnology‟‟ used commonly to the fabrication of new materials having 

nanoscale of dimensions between 1-100 nm [49-51]. The properties of a material become dependent 

on their shape and size on nano scale. There is no specific symmetry, so new properties develop on 

the nanoscale. A nanoparticle possesses unique physicochemical properties that can be used for 

creating new recognition and transduction processes for biological sensors and chemical sensors [52-

62]. 

1.7.1. METALIC NANOPARTICLES 

Nanoparticles of noble metals shows bright colors, as they give surface plasmon resonance 

absorption (SPR) band in the visible region of electromagnetic radiation [63, 64]. The process of 

metal nanoparticles (MNPs) is mainly due to their physical and chemical properties. The optical, 

electronic and chemical properties of nanoparticles have been used in various fields such as in the 

fields of optics [65], catalysis [66-70], bio-analytical processes and chemical sensing [71] and 

electronic devices [72, 73]. By controlling their size and shape we can succeed in getting their 

desired applications [74]. They have been used in therapeutics and diagnosis purposes due to their 



distinctive properties of large surface area to volume ratio, small size, high reactivity to the living 

cells and translocation into the cells, etc. Due to nanoparticles reactivity and agglomeration with 

each other, they are available in various sizes and shapes. Among the metals nanoparticles, mostly 

studied nanoparticles are of gold, silver, iron and titanium oxide [75].  

1.7.2. PROPERTIES OF NANOPARTICLES 

The properties of the bulk metal begin to vary dramatically during the reduction process, 

because of inner atoms move to the surface and electron begins to suffer quantum effects. Bulk gold 

has remarkably higher melting temperature (1064 
0
C) as compare to gold in the form of gold 

nanoparticles which is 300-400 
0
C. The physical properties of the nanoparticles depends on the size 

and shape of the particles and also on the nature and interparticle distance of the protecting group. 

Due to all these properties nanoparticles are different from the atomic state of the metal, as well as 

from bulk [76]. All these parameters alter the nanoparticles electronic, chemical, optical, magnetic 

and mechanical properties. It has been added that the SPR band of nanoparticles are also different 

from the bulk metal. 

1.7.3. SIZE & SHAPE CONTROL OF METAL NANOPARTICLES 

The properties of nanoparticles (NPs) somehow depend on shape and size. Control over the 

shape and size of fabricated nanorods precisely has been one of the important tasks to provide the 

desired nanoparticle for targeted biomedical applications. Growth and nucleation are two 

interconnected processes that manage the size and shape of controlled synthesis of metal 

nanoparticles [77]. The seeds are basically 5–10 nm spheres which demonstrate a characteristic 

absorption band of gold at 520 nm. Gold nanoparticles in water suspensions have an absorbance 

maximum in the range of 520 nm and 530 nm [78]. In SEM pictures, the rod dimensions are usually 



50– 100 nm (±5–20 nm) in length and 10–40 nm (±3–10 nm) in width. Depending on the NPs aspect 

ratio (length to width ratio), the peak wavelength can be selectively changed from visible to near 

infra-red region. As the aspect ratio increases from 1.5 to 8.9, the longitudinal peak wavelength 

shifts from 650-1050 nm. The size of NPs is usually controlled by different parameters like nature 

and ratio of reducing agent as well as the stabilizing agent and addition rate of the reducing agent 

and temperature used for the synthesis of metals nanoparticles (MNPs). In the case of strong 

reducing agents such as alkali metal anions, borohydrides [79], and super hydrides, there is 

production of nucleation centers which form small clusters, the size of these small clusters is 

determined by the nature of the capping agent. While in weak reducing agent being used such as 

ascorbic acid, hydrazine [80] and trisodium citrate [77], the rate of reduction is slow. By using 

sodium borohydride and white phosphorus which are rather strong reducing agents, even smaller 

particles can be synthesized. Depending on the synthetic condition smaller particles with average 

diameter of 2-10 nm can be produced [81]. Gold, silver and platinum nanoparticles have been 

prepared by using this method [82]. 

1.7.4. STABILITY OF METAL NANOPARTICLES 

Stabilizing agents are necessary for the nanoparticles stability prepared by aqueous 

technique, as the final dimension of nanoparticles (NPs) are controlled by stabilizing agent [77]. 

Two main kinds of forces control the physical interactions among atoms and molecules electrostatic 

and van der Waals forces. If there is no suitable stabilizing agent, the colloidal particles by “Van der 

Waals forces” would attached to each other, forming aggregation and precipitation of the NPs [83]. 

The role of stabilizing agent is to provide the repulsive forces which prevent the nanoparticles to 

aggregate or precipitate. When there is charged stabilizing agent, a diffuse electrical double layer via 

electrostatic stabilization was generated when positively charged cations are attracted by the 



negatively charged nanoparticles. Diffuse electrical bilayer is generated due to columbic repulsive 

forces between these particles [79]. Large molecules like polymer and long chain thiols provide 

steric stabilization to nanoparticles. When particles adsorbed with such molecules approach each 

other they will cause decrease in the conformational freedom of the adsorbate molecules due to the 

interpretation of the ligand chain. As the local concentration of the adsorbate increases, the solvent 

attempts to stabilize this effect by diluting the concentration of the adsorbate and there by causes the 

particles to travel apart. This is especially advantageous in organic solvents, where electrostatic 

effects are minor. Therefore, a highly monodisperse and uniform sized particles can be synthesized 

in organic solvents and can be stabilize at somewhat high concentration [84]. Centrifugation can also 

promote nanoparticles stability [85], and it is probably due to the increase in the width of the 

nanorods while the length is kept relatively unchanged in the remainder of growth solution after 

centrifugation. Two times of centrifugation, the change in the peak wavelength was less obvious at 

higher speed, and three times of centrifuge were sufficient to separate excess growth solution, and 

the nanoparticles dimension remained unchanged over time. 

1.8. CLASSIFICATION OF NANOPARTICLES 

NPs can be classified on the basis of their morphology, composition, dimensionality, 

uniformity and agglomeration. 

1.8.1. NANOPARTICLE MORPHOLOGY 

The morphology of NPs depends on: 

(a). Sphericity         

(b). Flatness         



(c). Aspect ratio 

Aspect ratio can be classified separately as high aspect ratio and low aspect ratio. In case of 

high aspect ratio nanoparticles these are nanotubes and nanowires having different shapes like 

zigzags, helices, belts with diameter that varies with length as shown below in figure 1.1. While in 

small-aspect ratio morphologies these are helical, spherical, cubic, oval or prism.  

                                                         

Figure 1.1 Morphology of nanoparticles 

1.8.2. NANOPARTICLE DIMENSIONALITY 

NPs dimensionality is not confined to nanoscale range (1 - 100 nm). 

1.8.2.1. Zero-dimensional (0-D) 

Materials with no specific dimensions are considered as zero dimension (no dimensions, or 

0-D, are larger than 100 nm).The zero dimension nanoparticles are crystalline or polycrystalline or 

amorphous. They have various size and forms, composed of single or multi-chemical elements 

(Figure 1.2).  



Figure 1.2 (a) 0-Dimension (b) Pictorial representation of 0-D 

1.8.2.2. One-dimensional (1-D) 

One dimension or 1-D are the needle like nanomaterials. One dimensions materials, e.g. 

nanowires, nanotubes and nanorods. They may be Amorphous or crystalline (single crystalline or 

polycrystalline) (Figure 1.3). 

                  

Figure 1.3 (a) 1-Dimention (b) Pictorial representation of 1-D 

1.8.2.3. Two-dimensional (2-D) 



Two-dimensional nanomaterials (2-D) are the materials with two dimensions as shown in 

figure 1.4. They exhibit plate-like shapes. 2-D nanomaterials include nanofilms, nanolayersand 

nanocoatings and asbestos fibers. 

                                                                           

Figure 1.4 2-Dimensions 

1.8.2.4. Three-dimensional (3-D)  

Materials with three dimensions (x, y, z axis) are considered 3D (figure 1.5). In case of NPs 

these include free nanoparticles with various morphologies, colloids and thin films deposited under 

conditions that generate atomic-scale porosity. 

Figure 

1.5 3-Dimensional 

1.8.3. NANOPARTICLES COMPOSITION  



NPs can be consist of single constituent or be composite made up of several materials. The 

nanoparticles are often found in agglomerate state in nature with different compositions as shown 

(Figure 1.6).  

                                                     

Figure 1.6 Nanoparticles compositions 

 

1.8.4. NANOPARTICLES UNIFORMITY AND AGGLOMURATION 

On the basis of electro-magnetic properties in NPs they found in an agglomerate state, as 

dispersed aerosols and as suspensions/colloids. Magnetic nature in nanoparticles tends to form 

cluster or an agglomerate state. In an agglomerate state, nanoparticles form large size particles, 

unless their surfaces are coated with a non-magnetic material (Figure 1.7).   



                                                  

Figure 1.7 Uniformity and agglomeration 

NPs with colloids can give this feature and produce increased uniformity. Stabilization process in 

monodisperse powders of colloidal silica bring high degree of order in the colloidal crystal which 

comes from aggregation. 

1.9. GOLD AND SILVER NANOPARTICLES 

Gold and silver NPs are studied and synthesized mostly. Colorimetric properties of gold and 

silver NPs, due to the appearance of SPR band, by which they are considered as optical sensors [86]. 

For the synthesis of metals nanoparticles, metals salts borohydride/citrate reduction is used [87, 88], 

metal ions irradiation with visible light by adding polymers or surfactants as an additives which 

induce formation and stability of nanoparticles [89-94]. Addition of reducing agent must be followed 

by the addition of an organic molecule (NH2 or SH group). Theses organic molecules attaches itself 

to the surface of NPs in the form of a stabilizer [95]. Due to their nanosize, they can easily enter into 

cells for targeted delivery to specific tissues. To remove this problem, scientists have developed 

strategies for targeted delivery by conjugation of these nanoparticles with various ligands and 

biomolecules.  

 



1.9.1. SILVER NANOPARTICLES  

These are the particles of silver with particle size between 1-100 nm. Due to large ratio of 

surface to bulk silver oxide, some silver NPs often contain large proportion of silver oxide. 

Presently, scientists are interested to use silver nanoparticles (AgNPs) in varieties of medical devices 

such as bone cement, surgical masks. Also it has been observed that ionic silver can be used for the 

treatment of wounds [96]. AgNPs have gained significant place in biomedical imaging due to their 

striking physiochemical properties. In fact, they are ideal candidates for molecular labeling due to 

their SPR peak in the electromagnetic spectrum visible region and high surface area [97]. 

1.9.2. GOLD NANOPARTICLES 

Gold NPs are more interesting, because gold atom being inert and is relatively less cytotoxic 

and have been used in drug and gene delivery processes [98, 99]. Gold nanoparticles (AuNPs) 

exhibit absorption peaks in the near-infrared (NIR) region of the electromagnetic spectrum known as 

SPR absorption band of AuNPs [100]. In SPR, the conducting electrons across the nanoparticle 

oscillate; this collective oscillation of electrons (diameter d≪ λ, where λ is the wavelength of the 

light) is due to the resonance excitation by the received photons. Due to their resonance condition at 

visible wavelengths, they give deep color [101-103]. 



 

Figure 1.8 Physical properties of AuNPs 

As AuNPs have high molar absorption in the visible region of electromagnetic spectrum, they must 

have considerable potential for detecting small molecules in this region. The aggregation state and 

surface morphology also disturb the optical properties of AuNPs, hence results in changes in the 

SPR [104].  

1.9.2.1. COLORIMETRIC DETECTION OF GOLD NANOPARTICLES  

Unlike bulk or molecular scale, nanoscale gold nanorods exhibit a variety of vivid colors 

(Figure 1.9a-d). The colloidal solutions demonstrate distinguishable colors from blue to brown to 

light pink and red, which correspond to the respective light absorption wavelengths (Figure 1.9c). 

The suspension solution is stable over six months at room temperature. Figure 1.9(d) shows the 

representative UV-vis-NIR absorption spectrum of nanorods with different plasmonic wavelengths. 

The dot-shaped nanocrystals have characteristic absorption spectra, they have absorption which is 

maximum in the 520-540 nm range [105]. 



 

Figure 1.9 Time-based studies of UV-vis spectra of four reactions with different ratios of Na3Ct: 

HAuCl4 taken. Inset: showing photographs of the color change for each reaction [106] 

Furthermore, the development of colorimetric sensors is increasingly appreciated since calorimetric 

detection can offer quantitative and qualitative information without resort to any spectroscopic 

instrumentation. Environmental change in these AuNPs which may be aggregation or surface 

modification cause color changes of the dispersions [107-110]. AuNPs colorimetric sensing have 

significant applications and have been widely explored [76, 111] where the intensity of  this 

absorption band decreases, this decrease shifts the peak to longer wavelength, at a nanomolar 

concentration, colorimetric change occur due to aggregation of AuNPs from red to grey or blue 

[112-117]. The color change due to aggregation of AuNPs, provides clue for colorimetric sensing of 



any targeted analyte (based on absorption), that directly or indirectly comes in contact  with AuNPs 

[52] 

 

AuNPs  Analyte  AuNPs-Analyte 

Figure 1.10 Pictorial illustration of AuNPs-based detection system 

                                                   

AuNPs (win-red color)   ion-mediated assembly (greyish purple) 

Scheme 2 Pictorial representation of win-red-to-greyish purple colorimetric sensing of metal ions 

using AuNPs stabilized with chelating ligands 

 

 



1.9.2.2. APPLICATIONS OF GOLD NANOPARTICLES  

Researchers have long exploited these characteristic optical properties of colloidal AuNPs for 

sensing specific oligonucleotide sequences to solve out various of biological issues like food 

analysis, genetics and bio diagnostics [118-124].  

1.9.2.2.1. AS A CATALYST: 

By exploring the properties of nanoparticles, the activity of nanoparticles as a catalyst has 

been increased. Catalytically, the small clusters of nanoparticles are found to be very active, 

although they on bulk scale display very limited reactivity. We take an example of a bulk gold, 

which is un-reactive and considered as a noble metal. However, catalytically the small clusters of 

gold are active. There are many possible explanations based on the difference in reactivity of bulk 

gold and small clusters of gold [69, 125].  

1.9.2.2.2. AS A DRUG DELIVERY AGENT: 

AuNPs due to their ease of synthesis, biocompatibility and functionalization, can be used for 

the drugs delivery to cellular destinations. Large surface to volume ratio of gold nanoparticles make 

them to provide a large number of drug molecules being carried by the AuNPs [126]. An anti-

leukemic drug, 5-FU (5-FU-AuNPs) enters into cells, due to their ease of permeability. They are 

found to be more active against gram negative bacteria than to gram positive bacteria. 

1.9.2.2.3. AS AN ANTIBIOTIC: 

AuNPs have also been used in the field of antibiotics to identify various aminoglycosidic 

type antibiotics like neomycin, streptomycin and gentamycin [126]. They have been studied in the 

field of light and electron microscopy, by detecting proteins in biological samples using AuNPs 



when they are conjugated with antibodies [127]. Another simple colorimetric sensing study was 

developed by using β-lactam antibiotics stabilized AuNPs [128]. They can give visible color change 

due to aggregation or disaggregation depending upon the attached groups. 

1.9.2.2.4. AS A BIOMEDICAL SENSOR:  

NPs of Au have also been found biomedical applications indicating massive growth in this 

field [129-132]. By using an amperometric method, gold nanoparticles have detected the compound 

uric acid in urine and in blood serum with LOD as low as 50 nM [133]. Another important study of 

AuNPs, using gelatin-coated gold nanoparticles as a colorimetric biosensor, with 6-mercaptohexan-

1-ol (MCH) was developed for activity of proteinase assay, in that case gelatin serves as a substrate 

for proteinase [134]. During proteinase digestion, gelatin separates; that causes the nanoparticles to 

aggregate in the presence of MCH, hence change their SPR. 

1.9.2.2.5. AS A CHEMILUMINESCENCE ASSAY 

Gold nanoparticles as a chemiluminescence assay have been used for the recognition of 

staphylococcus senterotoxin B (SEB) [135]. Antibody that has been used against the SEB was bio-

conjugated with AuNPs through the process of adsorption. Thus by using AuNPs, SEB was then 

detected using signal that was arising from the secondary antibody. This was an easy and simple 

method and highly sensitive with LOD ~ 0.01 ng/mL.  

1.9.2.2.6. AS A CHEMOSENSOR FOR DRUGS AND METALS IONS: 

AuNPs with a wide range of functionalization can offer a suitable platform for the biological 

or organic ligands to act as a selective sensor and detection of biological targets and small molecules 

[136-138]. AuNPs as a colorimetric sensor, have an important application in the detection of metallic 



ions [139-146], protein [147] and DNA [148]. However, there are few gold nanoparticles that can act 

as an optical sensor for the detection of drug molecules.  

1.10. SURFACE PLASMON RESONANCE (SPR)  

SPR is the frequency, at which there oscillation of conducting electrons in response to an 

alternating electric field of the electromagnetic radiation [105]. Metals nanoparticles (MNPs) of Cu, 

Ag and Au are deeply colored as they show strong absorption band in the visible region of the 

electromagnetic spectrum. In SPR there is collective resonance of the free conduction band electron 

having energy state above the Fermi level. The surface plasmon resonance band for NPs of Au and 

Ag in water lie close to 520 nm and 400 nm respectively, having diameter of 20 nm. The optical 

properties of the MNPs depends strongly upon size, shape, nature of stabilizing agent and 

temperature of the particle e.g. if there is a change in the particle size of AuNPs from 20-10 nm, the 

absorption spectra shows blue-shift. For large particle size the absorption spectra shows red-shifts 

[149] (Figure 1.11&1.12).                           
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Figure 1.11 Surface plasmon resonance band Ag nanoparticles with various sizes starting from 2 nm 

(black), 5 nm (red), 10 nm (green), 20 nm (blue), 50 nm (magenta), 70 nm (brown), and 90 nm 

(maroon), in silica matrix 
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Figure 1.12 Surface plasmon resonance band for gold nanoparticles with various sizes starting from 

2 nm (black), 20 nm (red); 40 nm (green); 60 nm (blue); 80 nm (magenta); 100 nm (br own), in silica 

matrix 



As the particle size increases, the color of AuNPs changes from red-purple-blue resultant in surface 

plasmon display a red shift in the absorption peak. A significant change in the absorption band was 

observed in nanoparticle when there is change in the shape, e.g. from sphere to spheroid, rod or 

ellipse. When the spacing between the particles is reduced the SPR band moved to higher 

wavelength region. 

1.11. CHARACTERISATION OF METAL NANOPARTICLES 

1.11.1. Characterization by UV-vis Spectroscopy 

The synthesized yellow-colored silver colloid and win-red colored gold colloid, produced 

absorbance peaks characteristic of the light being produced. Specifically, the silver sol produced an 

absorbance peak at 386 nm and the gold sol had a peak at 518-520 nm [150, 151]. Comparing the 

plasmon resonance wavelengths to literature, the nanoparticles size can be estimated for the silver 

and gold sols, respectively [152, 153].  

1.11.2. High-resolution transmission electron microscopy (HRTEM) 

It can be used in conjunction with a carbon-coated copper grid to estimate particle size. It 

produces a photomicrograph of the given nanoparticles, providing the number of particles are 

random and also dispersity of the sample [152]. Atoms mean number can be calculated by using 

mean diameter, d of the core.  

1.11.3. Atomic Force Microscopy (AFM)  

In this technique, NPs solution must first be applied to an even surface to be used in atomic 

force microscopy (AFM). Usually a uniform silicon wafer is the preferred substrate. The NPs sol 

will run over the wafer relatively evenly, producing a thin film of NPs [154]. AFM can then be 



performed on the silicon surface to find a mean particle size of the NPs [155]. Other technique based 

on microscopy such as scanning electron microscopy (SEM) and scanning tunneling microscopy 

(STM) are used to determine the core dimension of the MNPs.  

1.11.4. Determination of localized elemental composition 

In conjunction with TEM, energy dispersive X-ray microanalysis (EDX) has been used for 

the determination of localized elemental composition on the nanoparticles. However the 

disadvantages associated with TEM is that it uses high energy beam that can cause phase transition 

and desorption of the protective ligands. In this case, SEM is an excellent technique for determining 

particle size of given NPs [156].  

1.11.5. Surface plasmon absorption 

UV-vis spectroscopy has been used for the detection of deeply colored colloidal dispersion 

having characteristic LSPR absorption band. There is typically a mixture of different size 

nanoparticles in a given preparation of NPs. Nanoparticles of various size have characteristic SPR 

absorption band. The UV-vis spectra of the different NPs are also usually different which also help 

in the particle size determination [64]. 

1.11.6. X-Ray Diffraction 

Nanoparticle size can be estimated through the use of X-ray diffraction (XRD) using the 

given Debye Scherrer formula [157]  

d =0.9 λ/β cos θ 



d = mean diameter of the nanoparticles, λ = wavelength of the X-ray radiation source, β = angular 

full width half max of the XRD peak at the diffraction angle θ. The Scherrer equation effectively 

estimates particle size from 10–100 nm. 

1.11.7. Surface-enhanced Raman scattering (SERS) and X-ray photoelectron spectroscopy 

The chemisorptive properties of ligand and oxidation state of MNPs are determine by using 

Surface-enhanced Raman scattering (SERS) and X-ray photoelectrn spectroscopy (XPS) [79]. 

Cappliary zone electrophoresis can also be used on the basis of mobility of NPs in acetate buffer to 

determine the core radius and size of the NPs [158]. 

1.12. INTRODUCTION TO SENSED HEANY METALS AND PHARMACEUTICALS 

1.12.1. HEAVY METALS 

The recognition and sensing of heavy metal atoms has been developed as an important goal 

in chemosensing [159-162]. They play crucial role in biological, chemical, clinical, and 

environmental applications. Among heavy metals, mercury (Hg), lead (Pb) and cadmium (Cd) shows 

undesirable effects on environment, while some heavy metals such as manganese (Mn), iron (Fe), 

copper (Cu), molybdenum (Mo), zinc (Zn), nickel (Ni), tin (Sn), selenium (Se) and cobalt (Co) are 

necessary to many organisms. Heavy metal ions along with amino acid need vitamins and fatty acids 

are required for various biochemical processes such as metabolism, respiration and biosynthesis. 

Nature has evolved a number of tight metals regularly proteins for transition metal homeostasis and 

several artificial metal ion receptors were developed by protein engineering method [163-165]. An 

under supply of trace metals leads to deficiency, while oversupply results in lethal effects [166]. 

Heavy metals atoms have tendency to form complexes with oxygen (O) nitrogen (N) and sulphur (S) 

containing ligands of biological nature [167]. Heavy metal ions are important not only among the 



scientific community, but also increasingly among the common population, who knows some of the 

disadvantages associated with them. The use of heavy metal ions have increased in several 

industries. Due to importance of heavy metals, the chemistry of cation complexation has an 

important role in the origin of the field of molecular recognition. A great range of selective receptors 

for cationic species has been prepared by researchers and, by coupling those receptors to the 

adequate analyte, powerful chemosensors have been developed [168]. The characteristics of the 

receptor in terms of the ligand topology and the number and nature of the complexing atoms must be 

adequate to the type of cation (analyte) being studied. By the development of selective and sensitive 

methods for the detection, heavy metal ions are receiving considerable attention currently [169-172]. 

Several methods like mass spectrometry (MS), high performance liquid chromatography (HPLC), 

inductively coupled plasma atomic emission spectrometry and atomic absorption spectroscopy 

(AAS), etc. have been developed to analyze the targeted material and make it feasible to detect low 

limits [173, 174].  

1.12.1.1. MERCURY(II)  

Chemosensors that can selectively and sensitively detect heavy & transition metal (HTM) 

such as Cd
+2

, Hg
+2

 and Pb
+2

 is an area of significant interest  in  supramolecular chemistry because 

of their importance in biology, chemistry and  environmental sciences [175-182]. Numerous 

fluorescent chemosensors for heavy metals ions have been reported in the literature [183-185]. Hg
+2

 

is one of the toxic known metal ions known that which deficiency can cause vital or beneficial 

effects [186, 187]. Mercury enter the environment via variety of natural and anthropogenic sources 

[188] including volcanic emission [188, 189], oceanic gold mining [190], combustion of fossil fuels  

[191] and solid waste incineration. By bacteria in the environment, both elemental and ionic mercury 

can be converted to organo-mercury (CH3HgX), which then enters into food chain and finally store 



in the human body [192]. Once absorbed, it cause a variety of symptoms in vivo, it easily pass 

through human skin and respiratory system and cell membranes, leading to DNA and endocrine 

system damage, impairment in mitosis, and permanent neurological diseases [193-195] and is 

especially harmful to prenatal life through Hg
+2

-induced brain damage [196]. By taking the health 

concerns associated with mercury, it is important to construct probes for selective detection of Hg
+2

.
 

So it is needed to explore new methods for analyzing Hg
+2

 in vitro and in vivo. Recently, various 

chemosensors have been reported for Hg
+2

 detection based on commercial or synthetic ionophores 

including calixarene [197, 198], cyclen [199, 200], rhodamine [201], hydroxyquinoline [179, 202], 

1,8-naphthalimide [203], diazatetrathia crown ethers [204], cyanine [205], cyclams [206, 207] and 

azine [208]. By taking in view the method used for the detection of mercury like inductively coupled 

plasma mass spectroscopy (ICP-MS) and  atomic absorption spectroscopy (AAS), and so forth [209, 

210] these methods require high cost, low sensitivity and selectivity, complex instrumentation and 

difficult procedures, however fluorescent methods are more suitable to the on-site analysis of Hg
+2

 

with fewer resources [211-213]. Various chemosensors have been reported for monitoring of heavy 

and transition metal ions exploiting the various kinds of molecular frameworks as analyte binding 

site varying from simple chemical to large biomolecules. Mostly fluorescent sensor provides 

fluorescence signals from the visible to near-infrared region of the electromagnetic spectrum. In this 

case, chelation enhanced quenching (CHEQ) is usually used as sensing mechanisms for 

chemosensing study [214, 215]. These fluorescent probes provide a powerful tool for detecting Hg
+2

 

[216-218]. 

 

 



Here are some examples of fluorescent chemosensors for Hg
+2

 reported in literature: 

 

Dansyl based fluoroionophore [219] 

                                                 
Rhodamine–nitrobenzoxadiazole conjugate [220] 

  

Thioacetal derivative of thioacetalized coumarin [221] Rhodamine based fluorescent chemo 

dosimeter [222]  



                                                                               

Binaphthyl-based fluorescent chemosensor [223] 

Figure 1.13 Various representative fluorescent chemosensors used for Hg
+2

 

Our calixarene based derivative 11 can be used as a best for sensor for Hg
+2 

over a wide range of 

metals used for study. Spectral characteristics of the probe were investigated. The response of the 

sensor over a wide pH range and in the presence of other ions was also studied.  

1.12.1.2. IRON(III) 

Iron is one of the most abundant known metals on planet earth and have important role in 

many environmental and biological systems. As an essential part of heme groups, iron is being used 

by several proteins for electron and oxygen transportation, as well as for a variety of enzymatic 

mitochondrial respiratory chain reactions [224-227]. The cellular toxicity by Fe ions cause severe 

diseases, Parkinson‟s and Alzheimer‟s diseases [228]. Deficiency and excess of iron can cause a 

variety of illnesses, overload can cause conditions of b-thalassaemia and Friedreich‟s ataxia, where 

excess of iron leads to the production of reactive oxygen species (ROS) [229]. ROS induce cell 

death by combining with many essential biomolecules via chemical reactions series resulting 

oxidation of DNA, damage to mitochondria and lipid peroxidation [230-232]. Iron is an essential 

element in many cellular processes including oxygen transport, DNA synthesis and energy 

generation [233]. Iron is also necessary for the catalytic activity of ribonucleotide reductase (RR), 



the enzyme used in DNA synthesis. Furthermore, iron is a common contaminant often found in the 

waste water released from the industrial sites. Iron is usually found in its more stable oxidized form 

that is Fe
+3

, which is non-degradable, however, the low solubility of iron does not give the necessary 

sensitivity for detection in water. Drinking water is a most common source of intake of heavy metals 

by humans. Therefore, detection and removal of these trace toxic metal atoms from water especially 

drinking water, is an important factor [234]. There are several paper published on the Fe sensing 

using organic compounds [235-237]. Most of these chemosensors are hydrophobic, which limits 

their use; therefore, designing a hydrophilic sensor for Fe
+3

 is still a challenge. Based on these 

observations, the monitoring of metal ions traces in waters, soil surfaces, and living beings, has 

become more and more important in recent times. Thus various methods have been developed for 

quantification of iron concentrations [238-240], flame atomic absorption spectroscopy (FAAS) 

[241], ICPMS [242], and spectrophotometric detection using organic dyes or quantum dots [243, 

244]. The selective optical sensing strategy has been striking due to its ultra-sensitivity, rapid 

response, non-destructive nature and cost-effective manner [245]. Detection of heavy metals using 

MNPs as sensor appears promising because of nanoparticles distinctive properties. There  have  been  

many articles on  selective  detection  of metals especially transition metals using AuNPs  as  the  

chemosensor [184, 246, 247]. Pyridinium, imadazolium and other similar heterocyclic compounds 

are known for the formation of ionic liquids (ILs) which have been widely used as stabilizing agents 

for metal nanoparticles [248, 249]. Reports show that ILs may cause agglomeration of nanoparticles 

due to their phase transfer characteristics in general [250, 251]. The uses of these small heterocyclic 

cationic ligands are not only limited to ILs but their widespread occurrence in natural products make 

them interesting candidate for biological and photophysical evaluation. Several pyridinium 

nanoconjugates and complexes have recently being developed for catalysis [252, 253], drug 



delivery, biocidal activities [254] and molecular recognitions [247, 255]. In this case 1-(3-

(acetylthio)propyl)pyrazin-1-ium stabilized AuNPs are used as sensor for Fe(III) and Pd(II). We also 

did the practicality of using nanosensor for real sample analyses, tap water and human blood plasma. 

It provides rapid sensing of iron in very economical way through UV-visible spectrophotometry, 

while the sensitivity and specificity of the system is easily reproducible. Finally, our system can be 

used potentially for the detection of trace heavy metals from drinking water and physiological fluids. 

1.12.2. PHARMACEUTICALS 

1.12.2.1. CHEPHRADINE 

Cephradine (a broad spectrum β-lactam antibiotic) is widely used in the form of tablet, an 

oral suspension, capsule, or injection against various infections related to skin, ear, soft tissues and 

the respiratory and urinary tracts [256, 257]. Side effects related to cephradine, like other antibiotics 

can result in swelling, weight gain, diarrhoea, dark coloured urine, chest tightness, body aches, 

chills, muscle weakness and increased thirst. Recently, our attention has been directed to the 

occurrence of pharmaceuticals in the surface waters of Karachi, as emerging environmental 

pollutants. During an effect directed non-target screening of the drinking water system of Karachi, 

Pakistan, a large number of pharmaceuticals were found in alarmingly high concentrations in the 

microgram-per-liter range in drainage, surface water and effluents [258, 259]. This stimulated us to 

place emphasis on sustainable strategies for the improvement of the drinking water condition in 

Karachi, Pakistan. A sensitive and selective method for the detection of the widespread distribution 

of cephradine in the drinking water resources of Karachi has been developed. A series of analytical 

methods has already been developed for the detection of cephradine, i.e. electrochemical techniques 

[260] spectro-photometry [261, 262], spectro-fluorometry [263, 264] and chemiluminescence [265, 



266]. However, many of these methods have disadvantages, such as the requirements of 

sophisticated procedures and costly equipment. Fluorescent molecules due to their emissive 

behaviour, easy signal detection, sensitivity, selectivity and low cost offers an incredibly high benefit 

in this area of research [267-275] over other systems. We have explored a new type of fluorescent 

chemosensor that shows strong, selective and sensitive interaction with the cephradine. The 

selectivity of tweezers 10 for the detection of cephradine amongst various drugs including 

cefotoxime, amoxicillin, penicillin, 6-aminopenicillanic acid (6APA), diclofenac, pefloxacin, 

ceftriaxone, cefaclore and paracetamole were investigated and no interference from the other drugs 

was observed. 

1.12.2.2. PEFLOXACIN  

Pefloxacin (1-ethyl-6-fluoro-7-(4-methylpiperazin-1-yl)-4-oxo-1,4dihydroquinolone-3-

carboxylic acid) 1 is a synthetic chemotherapeutic and a broad spectrum antibacterial agent [Fig.1]. 

It is a fluoroquinolone drug and is a member of fluoroquinolone class of antibacterials belonging to 

third generation of quinolones. It is a primary metabolite with  high potency and it is successfully 

used in humans [276, 277] and veterinary practice [278, 279]. It is active against micro-organism, 

gram-positive and gram-negative bacteria that are resistant to other antibacterial agents [280-282]. 

They exhibits its bacterial action by inhibition of DNA gyrase and tropoisomerase IV which is 

needed for bacterial DNA reproduction. Quinolone usually show low activity against anaerobes and 

mycobacteria [283, 284]. Recently, a growing interest has been developed in the occurrence of 

pharmaceuticals in surface water of Karachi as pollutants. Our own work has shown the presence of 

large number pharmaceuticals in exceptionally high concentration in different compartments of 

water (surface water, drainage, effluent) [258, 259]  After this seminal work, we became interested 

in developing sustainable strategies for the improvement of the drinking water situation of Karachi. 



Based on our long standing interest in the area of NPs and nanotubues [285-291], we decided to use 

nanoparticles for the detection and quantifications of pharmaceuticals present in the drinking water 

resources of Karachi. Gold nanoparticles (AuNPs) have been extensively used in the development of 

colorimetric probes for detecting biomolecules [95, 292] and for treatment of disease [293-298]. 

AuNPs shows strong SPR absorption, that is sensitive to size, shape and interparticle distance [64, 

109]. AuNPs-based colorimetric sensing is due to the inter-particle plasmon coupling on analyte 

which induce aggregation in AuNPs results in a naked eye color change from red to grey. In our 

Schiff base stabilized AuNPs have detected and quantified pefloxacin in real water of Karachi using 

simple spectrophotometric technique. Up till now pefloxacin has been determined  in 

pharmaceuticals formulations by a variety of analytical methods like spectro-fluorimetric method 

[299, 300], UV- spectrophotometric method [301], NMR [302], milk analysis [303], capillary 

electrophoresis [304], high performance liquid chromatography (HPLC) technique [305, 306], TLC-

Fluorodensimetry [307], polarography [308], neutralisation [309], adsorptive stripping voltammetric 

method [310]. However we present a new, highly selective and sensitive approach for the synthesis 

of water soluble Schiff base coated AuNPs which were used for the detection and quantification of 

pefloxacin aqueous and commercial dosage forms. 

1.13. LITERATURE REVIEW TO CHEMOSENSORS & NANOPARTICLES 

Goswami, Aich et al. 2013 [311] synthesized rhodamine-quinoline (RQ) based dye that was 

used for the determination of Cd
+2

 in the presence of other metals used (Figure 1.14).  
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Figure 1.14 Determination of Cd
+2 

using synthesized Rhodamine-quinoline (RQ) 

UV-vis spectrophotometric and spectro-fluorimetric titration methods were used to detect Cd
+2 

in the 

presence of other perchlorates metals salts. Cd
+2

 detection limit was found to be 7.09 x 10
-7

M by 

using UV-visible spectrophotometric method. While fluorescence method used for detection limit 

was 1.97 x 10
-7

 M for Cd
+2

. The detection of Cd
+2 

by RQ was also confirmed by FTIR technique. 

Wu, Huang et al. 2012 [312] synthesize chemosensor 1 by reacting 2-

benzothiazolenhydrazone with 1-pyrenecarboxaldehyde, by forming imine bond between 

benzothiazolenhydrazone and pyrene. 

 

Figure 1.15 Enhancement in FL intensity of chemosensor 1 using Cu
+2
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The chemosensor 1 (50 μM) provided prominent enhancement in intensity of fluorescence due to 

Cu
+2 
(25 μM), CH3CN-H2O solution (v/v, 3:1, 5 mM, Hepes buffer having pH 7.0) by changing from 

light yellow to colorless with blue emission at a pH 5-8 (Figure 1.15), other ions used such as Ag
+
, 

Fe
+2

, Fe
+3

, Ca
+2

, Cd
+2

, Mn
+2

, Co
+2

, Hg
+2

, K
+
, Pb

+2
, Mg

+2
, Ni

+2
 and Zn

+2
 ions (25 μM)  exhibit only 

minute change in intensity of fluorescence. Association constant (Ka) value for Cu
+2

 binding to 1 

was calculated and found 2.75×10
3
 M

−1
. The binding stoichiometry of 1-Cu

+2
 complexes showed 2:1 

by Job plot experiments. Cu
+2

-1 complex was also used as a probe for detecting Cu
+2

 in living cells. 

Yin, Guan et al. 2009 [313] reported Cu
+2

 sensing using thermo responsive poly(N-isopropyl 

acrylamide) (PNIPAM) microgels and fluorescent reporter [dansylaminoethyl- acrylamide 

(DAEAM,5)] (Scheme 3). 

 

Scheme 3 Synthetic scheme for the synthesis of P(NIPAM-co-PyAM-co-DAEAM) Microgels Cu
+2

-

Sensing via the process of emulsion polymerization 

The sensitivity towards Cu
+2

 detection can be enhanced through thermo-induced collapse of the 

sensing matrix, which not only optimize the Cu
+2

-binding sites but also fluorescence readout 

functionalities. The synthesized PNIPAM in their swollen state can selectively bind towards Cu
+2 
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ion over other metal ions (Nitrate salts of Cu
+2

, Pb
+2

, Zn
+2

, Ag
+ 

, Mg
+2

, Al
+3

 , and Hg
+2

) used for all 

sensing experiments at a temperature of 20
0
C which leads to quenching in intensity of fluorescence 

emission. When the microgel concentration was of  3.0×10
-6 

g/mL, the detection limit significantly 

improved from ~46 nM at 20 
o
C to ~8 nM at 45 

0
C.  

Garcia-Beltran, Mena et al. 2012 [314] designed, synthesized, and characterized new 

coumarin-based fluorescent chemosensor (E)-3-(2,5-dimethoxybenzylideneamino)-7-hydroxy-2H-

chromen-2-one represented as MGM (Figure 1.16). 

 

Figure 1.16 MGM ((E)-3-(2,5-dimethoxybenzylideneamino)-7-hydroxy-2H-chromen-2-one)  

The UV–visible and fluorescence spectroscopy studies were used for molecular recognition of 

different metal cations by MGM. It exhibit excellent sensitivity for Cu
+2

 ions (100 μM) with 

prominent fluorescence enhancement. Both the Benesi–Hildebrand and Job plots give the 

stoichiometry of the Cu
+2

- MGM complex as 2:1. 1HNMR spectra of MGM in the absence and 

presence of Cu
+2

 was recorded for binding confirmation. It was also demonstrated that Cu
+2

 could be 

found in human neuroblastoma cells by treatment with MGM.  

Shiva Prasad & Govindaraju, et al 2011 [315] reported 4-(diethylamino)-salicylaldehyde 

rhodamine hydrazone ligand 1, as a naked eye chemosensor for Cu
+2

 ion which caused turn-on 
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fluorescence emission that works in aqueous media caused colorless solution of ligand change to 

bright red with a new peak in the visible region absorption region and also enhance fluorescence 

emission (Figure 1.17). 

 

Figure 1.17 Colorimetric determination of Cu
+2

 using 4-(diethylamino)-salicylaldehyde rhodamine 

hydrazone (ligand 1) 

The absorption and emission behavior of rhodamine hydrazone (1) was determined using UV-vis 

spectrophotometric and fluorometric techniques. In the presence of various metal ions Pb(ClO4)2, 

NaClO4, LiClO4.3H2O, Mg(ClO4)2, Ba(ClO4)2, HgCl2, Zn(ClO4)2.6H2O, Fe(ClO4)2, Cu(ClO4)2.6H2O, 

Cd(ClO4)2.H2O, AgClO4, Fe(ClO4)3 and Al(ClO4)3.9H2O, were prepared in CH3CN; Sr(NO3)2 and 

In(NO3)3 used, the probe 1 showed positive response to Cu(ClO4)2.6H2O. The binding of probe 1 to 

Cu
+2

 was due to the ring opening of spirolactam moiety and formation of 1:1 stoichiometry.  

Wang, Fu et al. 2010 [316] successfully synthesized two probes, squaraine based compound 

SQ1 (functionalized with 2-picolyl units) and SQ2 (functionalized with 2,4,6-

trihydroxyphenylsquaraine- based compound having two butyl chains. The UV–visible absorption 

spectrum of both SQ1 and SQ2 when combined with Cu
+2

, shifted largely to the red, but no spectral 
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changes were observed towards other metals, which probably due to their lower affinity with the 

receptor SQ1 (Figure 1.18).  

 

Figure 1.18 Determination of Cu
+2 

using SQ1 when treated with different metals including Cu
+2

 

Metals ions such as Li
+1

, Na
+1

, K
+1

, Ca
+2

, Sr
+2

, Ba
+2

, Mg
+2

, Zn
+2

, Fe
+3

, Co
+2

, Ni
+2

, Cu
+2

, Cr
+3

, Cd
+2

, 

Pb
+2

, Mn
+2

, Hg
+2

, Ag
+1

, La
+3

, Ce
+3

, Nd
+3

, Pr
+3

, Y
+3

, Er
+3

, Sm
+3

, Gd
+3

, and Sc
+3

 were used for sensing 

studies. A 10
-5

 M solution of SQ1 displayed a sharp pink color and Cu
+2

 caused a change of color 

from pink to blue while other metal ions under the same condition did not result in noticeable 

changes. This indicated the compound SQ1 and SQ2 exhibited a high sensitivity and selectivity for 

Cu
+2 

over various other metal ions. The LOD for Cu
+2

 was 3 μM, which was lower than the LOD 

required for Cu
+2

 in drinking water (20 mM) set by the U.S. Environmental Protection Agency 

(EPA). The Job‟s plot revealed a 1:1 stoichiometric ratio between the Cu
+2

 ions and SQ1. They also 

evaluate that SQ2 could be successfully employed as a Cu
+2

-selective chemosensor in the 

fluorescence imaging of living cell. 



Wang, Liu et al. 2010 [317] synthesized dehydroabietyl derivative 2 bearing a 2-(2′-

hydroxyphenyl) benzimidazole unit (Figure 1.19). The effect of different metal ions on the 

fluorescence intensity of receptor 2 was investigated in solvent THF by using UV-Visible and 

fluorescence spectroscopic methods. Compound 2 show tremendous sensitivity towards Cu(II) by 

quenching in its intensity of fluorescence, over miscellaneous other metal ions including Cr
+2

, Mn
+2

, 

Co
+2

, Ni
+2

, Zn
+2

, Cd
+2

, Al
+3

, Mg
+2

, Pb
+2

, Hg
+2

, Na
+2

, Li
+
 and K

+
. The stoichiometric ratio between 2 

and Cu
+2

 was found to be 1:1 complex. 

 

Figure 1.19 Structure of dehydroabietyl derivative 2 bearing a 2-(2′-hydroxyphenyl) benzimidazole 

unit (compound 2) 

Shah, Hassan et al. 2014 [318] introduced a novel rhodium biphenylic imidazole 

phenanthroline metal-organic complex (BIP-MC) and characterized as a stable supramolecular 

compound. Structure of the compound BIP-MC was established on the basis ESI, 1HNMR. 

Aqueous solution of various drugs of interest particularly cephradine, cefotaxime, diclofenac, 6-

APA, aspirin, amoxicillin, ceftriaxone cephalexin, paracetamole and penicillin were used for 

photophysical studies. The interaction of amoxicillin (a drug) with BIP-MC caused enhancement in 

fluorescence activity. LOD was upto 10 µg/ml at an optimum pH of 8.0. These finding will thus help 

in pharmaco-kinetics studies of pharmaceuticals.  
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Lee, Singh et al. 2010 [319] synthesized a novel receptor compound 3 by a condensation 

reaction of tripodal aldehyde 1 with amine 2 in the presence of a catalytic amount of Zn(ClO4)2, 

followed by reduction with NaBH4 (Figure 1.20). 

                                                                                          

Figure 1.20 Structure of Receptor 3 

Receptor 3 was characterized by spectroscopic methods and 
1
H NMR. Upon addition of a solution of 

Cu
+2

 to a solution of receptor 3, a significant enhancement was observed in intensity of the emission 

band. On the other hand, addition of Fe
+3

 to receptor 3 solution showed significant quenching in the 

intensity of the emission band where enhancement was observed in case of Cu
+2

 but there formation 

of a red-shifted emission band occur. Other metal ions Ca
+2

, Mg
+2

, Co
+2

, Zn
+2

, Ni
+2

 and Ag
+
 showed 

no such significant changes in the fluorescence spectrum under the same conditions. Comparative 

study on fluorescence intensity of receptor 3 upon addition of various metals shows remarkable 

selectivity of Cu
+2

 and Fe
+3

 binding. These phenomena allow receptor 3 to be used for the analysis 

of Cu
+2

 and Fe
+3

 by directly associating the fluorescent intensity. Receptor 3 can detect a minimum 

concentration of 2.3×10
-5

 M for Cu
+2

 and 2.1×10
-5

 M for Fe
+3

, respectively. Binding constants of 

receptor 3 with metal ions were calculated by using Benesi–Hildebrand plots and were found to be 
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(5.9 ± 0.1) ×10
3
 M

−1
 for Cu

+2
 and for Fe

+3
 (1.3 ± 0.1) ×10

3
 M

−1
, respectively. The Job plots reveal 

1:1 complex for Cu
+2

 and Fe
+3 

ions with receptor 3. 

Chen, Hong et al. 2012 [236] synthesized, bis(rhodamine)-based fluorescent probe 4. 

Compound structure has been confirmed using 
1
HNMR, 

13
C NMR, ESI mass spectrometry, and 

elemental analysis (Figure 1.21) 

 

Figure 1.21 Structure of Fluorescent probe 4, a colorimetric sensor for Fe
+3

 

When Fe
+3

 was added to the solution of receptor 4 in ethanol & water solvent system, slight red shift 

(~5 nm) and clear enhancement of fluorescence spectra were detected, whereas other ions displayed 

much weak or no response. In ethanol water solvent system, 4 having 10 μM concentration showed 

enhancement in fluorescence intensity by 117-fold in the presence of Fe
+3

. A mild fluorescence 

enhancement factors (FEF) were also detected for Cr
+3

 (40-fold), Fe
+2

 (6-fold), and Li
+
, Pb

+2
, Mn

+2
, 

Mg
+2

, Cd
+2

, Ag
+
, K

+
, Ba

+2
, Co

+2
, Ni

+2
, Na

+
, Zn

+2
, Ca

+2
, Cu

+2
 or Hg

+2
 showed no such response. So, 4 

displays better selectivity and sensitivity to Fe
+3 

due to it has more amides binding. After the 

addition of Fe
+3

 into the colorless solutions of 4 , which rapidly generated a purple color which 

change to orange fluorescence, other metals ions used, e.g. Li
+
, Ag

+
, Pb

+2
, K

+
, Co

+2
, Ni

+2
, Na

+
, Zn

+2
, 

Mn
+2

, Mg
+2

, Ca
+2

, Hg
+2

, Ba
+2

, Cd
+2

 and Cu
+2

 gave no such visible change except Cr
+3

 and Fe
+2

, 
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which produce slight effect as compared to Fe
+3

. This interesting feature shows that chemosensor 4 

can serve as a selective colorimetric sensor for Fe
+3

. The Fe
+3

 binding with 4 showed 2:1 

stoichiometry  

Marenco, Fowley et al. 2012 [235] reported fluorescent chemosensor N-Phenyl-2-(2-

hydroxynaphthalen-1-ylmethylene) hydrazinecarbothioamide NT, synthesized in one step by the 

condensation reaction of facile Schiff base 2-hydroxy-1-napthaldehyde with N phenyl hydrazine 

carbothioamide (4-phenylthiosemicarbazide) (Figure 1.22). The selectivity of chemosensor NT as a 

fluorescent probe for metals ion detection was observed. Among all the studied salts only Fe
+3 

change the fluorescence spectrum of NT. The addition of Pb
+2

 cause mild enhancement in the two 

absorption bands while on Cu
+2

 addition, which led to slight increase of the one band with 

quenching of the other absorption band. On adding Fe
+3

, a significant increase was occurred in both 

bands. 

                                                                                                     

Figure 1.22 Proposed binding mechanism between N-Phenyl-2-(2-hydroxynaphthalen-1-

ylmethylene) hydrazinecarbothioamide NT and Fe
+3

 

A concentration dependent increase in the fluorescence intensity was also observed upon Fe
+3

 

additions. The binding stoichiometry and binding constant (log b) was calculated to be 1:1 and 4.56, 

respectively 

file:///F:/Thesiss%2014%20january.docx%23_ENREF_6


Smanmoo, Nasomphan et al. 2011 [320] designed 2-Hydroxybenzyl dansyl cadaverine 

(DNSCH) as a fluorescent sensor for metal ions (Figure 1.23). 

 

Figure 1.23 2-Hydroxybenzyl dansyl cadaverine (DNSCH), a chemosensor for Fe
+3

 

DNSCH exhibited a significant degree of FL quenching along with slight change in color from 

colorless to pale yellow in the presence of Fe
+3

. The fluorescent probe DNSCH can be used as a 

selective Fe
+3

 sensor with the good discrimination for iron valence states. The binding ratio between 

DNSCH and Fe
+3

 was determined using Stern–Volmer plot and was found 1:1 binding ratio. The 

binding constant for DNSCH and Fe
+3

 was calculated using Benesi–Hildebrand equation and was 

found to be 1.5±0.4×10
−4

 M
−1

. For the practical application, it was employed as an intracellular 

chemosensor for Fe
+3

. DNSCH ability was assessed as an intracellular chemosensor for Fe
+3

 by FL 

microscopy technique. 

Liu and Wu et al 2012 [321] introduced new rhodamine-based chemosensor named 1. The 

structure of chemosensor 1 was confirmed using 
1
HNMR, 

13
CNMR, and MS spectra. To determine 

the selectivity range of chemosensor 1 towards metal cations, the titration experiment was conducted 

using UV–visible and fluorescence spectroscopy.  
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Figure 1.24 Proposed 1:1complex between rhodamine-based chemosensor 1 and Fe
+3

 

Chemosensor 1 shows excellent selectivity for Fe
+3

 ions in an aqueous solution. The Fe
+3

 ions 

change the color from colorless to pink and red fluorescence in chemosensor 1 (Figure 24). Other 

metal ions, e.g. Ca
2+

, Mg
2+

, Hg
2+

, Co
2+

, Ag
+
, Al

3+
, Cd

2+
, Cr

3+
, Zn

2+
, Cu

2+
, Fe

2+
, Ni

2+
, Pb

2+
 and Mn

2+
 

produced slight change but there was no colorimetric change. In pH study, a pH range of 6–7.5 1–

Fe
+3 

the complex attain maximum fluorescence enhancement. The binding stoichiometry of 1–Fe
3+

-

complex was found to be 1:1. The formation of a 1:1 complex was confirmed by ESI-MS technique. 

The association constant (Ka) was determined to be 6.90 × 10
3 

M
−1

 with the detection limit of 2.2 

μM. 

Zhang, Lim et al. 2011 [322] introduced a new naphthalimide-based highly selective 

ratiometric and fluorescent probe 1. Addition of different anions such as Cl
-
, Br

-
, I

-
, HSO4

-
, NO3

-
, 

PF6
-
, and ClO4

-
 did not change the emission intensity of probe 1, however, slight fluorescence 

quenching in intensity was observed on AcO
-
 and H2PO4

- 
addition. The unique red-shift emission 

was observed only with F
-
 (Figure 1.25). 
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Figure 1.25 Colorimetric response of naphthalimide-based probe 1 toward F
-
ion 

The chemosensor 1 shows colorimetric change from colorless to jade-green with addition of 

F
-
 among all other anions. In addition, this selectivity was not influenced by other anions in 

interference experiment. 

Zor, Saf et al. 2013 [323] synthesized a novel chemosensor Tetrakis[(acetophenone)azo]-

25,26,27,28- tetrahydroxycalix[4]arene (APC4) containing acetophenone azo groups (Figure 1.26). 

The binding behavior towards metals was investigated using UV-vis spectrophotometric and 

voltammetric experiments in acetonitrile solution. 

                                                                           

Figure 1.26 Complex of chemosensor (APC4) with Mg
+2
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Among all salts (Li
+
, Na

+
, K

+
, Rb

+
, Cs

+
, Mg

+2
, Ca

+2
, Sr

+2
, Ba

+2
) the APC4 chemosensor exhibits 

excellent selectivity towards Mg
+2

 especially the interfering Ca
+2 

ion. The complex stoichiometry 

calculated between APC4 and Mg
+2

 showed 1:1with association constant (Ka) of 1.94±0.31) ×10
5
 L 

mol
-1

.  

Weng, Mei et al. 2012 [324] designed a novel fluorescent ratiometric chemosensor 4-pyren-

1-yl-pyrimidine (PPM). Addition of 2 equivalent of various alkali metals ions, alkaline earth, and 

transition metal ions (Na
+
, K

+
, Mg

+2
, Ag

+
, Cd

+2
, Cu

+2
, Fe

+3
, Co

+2
, Cr

+3
, Ni

+2
, Hg

+2
, Pb

+2
 and Zn

+2
) to 

a solution of PPM (c= 1.25×10
-4

 M, acetonitrile solvent) , showed selectivity towards Hg
+2 

by 

changing fluorescence intensity, color change (blue to green) along with red shift in fluorescence 

emission spectra (Figure 1.27). The chemosensor PPM displayed sensitive fluorescence change via 

pyrimidine ring chelating with Hg
+2

. The binding ratio and detection limit was found to be 2:1 and 

4.69×10
-6

 M, respectively.  

 

Figure 1.27 Binding mechanism between 4-pyren-1-yl-pyrimidine (PPM) and Hg
+2

 

Choi, Kim et al 2012 [325] synthesized two new chemosensors rhodamine 6G derivative 

bearing hydroxyethyl group (1) and rhodamine base derivative bearing 15-crown-5 group (2) 

showed their interaction toward various metal ions, Na
+
, Ca

+2
,  K

+
, Zn

+2
, Mg

+2
, Mn

+2
, Cu

+2
, Fe

+2
, 
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Fe
+3

, Co
+2

, Cd
+2

, Hg
+2

, Pb
+2

, and Ni
+2

 ions by using UV/Vis and fluorescence spectroscopies 

techniques. 

 

Figure 1.28 Reaction of rhodamine 6G derivative bearing hydroxyethyl group (1) off-onn 

observation with Hg
+2

 

Addition of Hg
+2

 ion to solution of 1 and 2 results in colorimetric changes as well as fluorescent 

OFF-ON observations (Figure 1.28). The stoichiometry of a binding event between 1 and Hg
+2

 ion 

using Job‟s plot was found to be 1:1. The compound 1 is more selective and sensitive towards Hg
+2

 

and can detect Hg
+2

 in aqueous media and biological sample (HeLa cell) up to micro molar levels. 

Oliveira, Nunes-Miranda et al. 2012 [326] synthesized tyrosine Schiff-base ligands 1 and 2 

bearing an indole or a thianaphthene moiety. Ligand 1 and 2 were characterized by elemental 

analysis, MALDI-TOF-MS spectrometry, 
1
HNMR, FTIR, UV–vis and fluorescence emission 

spectroscopy. In absolute ethanol the sensing ability towards various metals ions Ca
+2

, Cu
+2

, Ni
+2

, 

Zn
+2

, Cd
+2

, Hg
+2

 and Al
+3

 were explored. Compound 1 presented changes in spectra in the presence 

of Cu
+2 

and Zn
+2

.  

 

file:///F:/Thesiss%2014%20january.docx%23_ENREF_213


                                                              

Scheme 4 Schematic structure of metals nanoparticles with compound 1 

Compound 2 showed similar results with Zn
+2

 and Cd
+2

 while addition of Ca
+2

 to compound 2 

produced a small quenching in the absorption band. Due to the presence of sulphur atom, compound 

2 was also explored for Hg
+2 

ions, by addition of increased concentration of Hg
+2

 in absolute ethanol 

induced a red shift in the absorption band along with the appearance of a new band. In both 

compounds there was colorimetric change in the presence of Cu
+2

 ions. The LOD and LOQ were 

determined to be 0.006 ± 0.001 (LOD) and 0.010 ± 0.001 (LOQ), and for compound 2 the values 

were 0.005 ± 0.001 (LOD) and 0.009 ± 0.001 (LOQ). Two new nanomaterials AgNPs and AuNPs 

were obtained from the reported systems, synthesized successfully by self-reduction of compound 1 

in an aqueous alkaline environment (Scheme 4). The formation of nanoparticle was characterized by 

UV-visible and fluorescence emission spectroscopy, transmission electron microscopy (TEM) and 

dynamic light scattering. TEM images of AgNPs and AuNPs showed sizes of 12 ± 3.5 nm with 

mono dispersed distribution, and asymmetric average distribution with 7.50 ± 6 nm, respectively. 

The polydisperse distribution of AuNPs suggested aggregation of some nanoparticle.  



Chereddy, Suman et al. 2012 [327] synthesized six rhodamine based chemosensors by 

slightly changing the nature, number and size of the coordinating entities. The absorbance and 

fluorescence spectrum of 1 and 2 were influenced greatly by the addition of Cu
+2

 or Fe
+2

 ions. A 

clear good fluorescence emission with pink color developed upon addition of 50 μM concentrations 

of either Cu
+2

 or Fe
+3

 ions, while other competitive metal ions (Li
+
, Na

+
, K

+
, Cs

+
, Mg

+2
, Ca

+2
, Sr

+2
, 

Cr
+3

, Mn
+2

, Zn
+2

, Fe
+2

, Cd
+2

, Co
+2

, Ni
+2

, Hg
+2

 and Pb
+2

) showed negligible effect.  

 

Figure1.29 Sensitivity of ligand 5 towards Fe
+3

, development of a pink color due to 

enhancement in FL 

The chemosensors 1 and 2 showed 2:1 stoichiometry complexes with Cu
+2

 and Fe
+3

 ions. Ligand 5 

showed the highest degree of sensitivity and selectivity for Fe
+3

 over Cu
+2

 as compared to other five 

analogs. Upon binding with Fe
+3

 an enhancement in fluorescence emission intensity along with an 

intense pink color development of chemosensor 5 was observed at pH 7.4 (Figure 1.29). Competitive 

study in the presence of metal ions, does not interfered except for Cu
+2

 which showed slight 

interference. The application of chemosensor 5 for Fe
+3 

in the imaging of live fibroblast cells was 

also demonstrated.  
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Tripathy, Woo et al. 2013 [328] report colorimetric, non-aggregation-based and label-free 

AuNPs. These gold nanoparticles can be used as a sensor for the detection of Fe
+3

 ions in aqueous 

solution. It induces a detectable colorimetric change from red to colorless which can be easily 

observed. This simple chemosensor provides rapid detection of Fe
+3

 ions at 50 ppm level and 

expected to be effective to design efficient environmental and biological sensor.  

Chen, Lee et al. 2013 [113]  synthesized triazole stabilized AuNPs, named NTP@AuNPs 

through click reaction that was used for the sensitive and selective colorimetric determination of 

Cr
+3

. AuNPs were prepared by reduction of auric acid (HAuCl4) with sodium citrate and then using 

4-(prop-2-ynyloxy)pyridine (PP) as the capping agent. Aggregation of NTP@AuNPs was induced 

in the presence of Cr
+3

 ions yielding a color change from red-purple with LOD of  1.4 μM while 

other metals Ag
+
, Al

+3
, Ca

+2
, Cd

+2
, Pb

+2
, Co

+2
, Fe

+3
, Hg

+2
, Cu

+2
, Fe

+2
, Mg

+2
,  Mn

+2
, Ni

+2
 and Zn

+2
 did 

not interact with NTP@AuNPs. In addition, this NTP@AuNPs was also used in practical 

application to detect Cr
+3

 in river water samples with low interference. 

Liu, Qu et al. 2010 [329] detected Hg
+2

 in aqueous solutions using AuNPs modified with 

quaternary ammonium group at room temperature. The resultant AuNPs aggregation was due to the 

abstraction of thiols by Hg
+2

 ions. The detection limit for Hg
+2

 can be as low as 30 nM, which 

satisfies the WHO guideline for concentration of Hg
+2

 in drinking water.  

1.10. AIMS AND OBJECTIVES  

The purpose of this dissertation is;  

 To develop sensor for detecting specific heavy metal ions such as mercury, iron, lead and 

palladium and pharmaceuticals. 
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 Bio analytical applications of metallic nanoparticles, main attention was paid to gold 

nanoparticles.  

 Simple spectrophotometric technique used for detecting pharmaceuticals by the use of water 

soluble Schiff base coated metallic nanoparticles such as gold nanoparticles. 

 Gold nanoparticles as a sensor can be used for medical diagnostic purposes in order to 

determine the quality and quantity of drug in blood plasma. 

 The sensing strategy uses molecular recognition of the analyte by supramolecules that change 

their fluorescence and structure upon binding with analyte, because of their ability to 

measure toxic materials present in water in extremely low amounts.   

 To characterize chemosensors and nanoparticles by UV-visible spectrophotometer, 

spectrofluorometer, Atomic Force Microscopy (AFM), Fourier Transform Infrared 

spectroscopy (FTIR) and H-Nuclear Magnetic Resonance (
1
H-NMR).    

 Chemosensors (supramolecules and nanoparticles) can offer the possibility to recognize the 

biological and chemical target analytes.  

 They can have, indeed, important applications in beverage analysis, environmental 

monitoring, process control, toxic gas, and explosive detection, because of their ability to 

measure air pollutants or toxic materials present in water at extremely low amounts. 

 Research on drug sensing receptors design is still less developed than that reported for anion 

and cation counterpart. They can be used for medical diagnostic purposes in order to 

determine the quality and quantity of drug in blood plasma. 

 

 



 

 

 

 

CHAPTER 2 

EXPERIMENTAL 

 

 

SYNTHESIS OF CHEMOSENSORS & 
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2.1. GENERAL REACTION FOR THE SYNTHESIS OF N,N'-(1,3-

PHENYLENEBIS(METHYLENE))BIS(5-(DIMETHYLAMINO)NAPHTHALENE-1-

SULFONAMIDE) (AA) 

 

Scheme 5 General scheme for the synthesis of N,N'-(1,3-phenylenebis(methylene))bis(5-

(dimethylamino)naphthalene-1-sulfonamide) (AA) 

2.1.1. EXPERIMENTAL IN GENERAL 

The dry and freshly distilled organic solvents n-Hexane, Ethyl acetate were utilized in 

column chromatography. Acetone used for reaction was of analytical grade. Non-aqueous reaction 

was performed in oven dried glass wares. 

2.1.2. CHROMATOGRAPHY 

Silica gel (0.063-0.400mesh) was used for column chromatography and pre coated silica gel 

aluminum packed plates, Kiesal 60 HF254, Merck (Germany) were used for analytical and preparative 

TLC. TLC was performed in n-hexane and ethyl acetate and visualized by using ultraviolet light 

(λmax 254 and 365 nm).  

 



2.1.3. INTRUMENTATION AND CHARACTERIZATION  

The compound was characterized by physical constant and spectro-analytical techniques.  

2.1.3.1 UV-visible spectrophotometry 

UV–visible spectra were recorded on Shimadzu UV-1800 spectrophotometer at room 

temperature by using cuvette 4mL. 

2.1.3.2. Fourier transform infra-red spectroscopy 

Shimadzu Fourier transform infra-red spectrophotometer model IR prestige 21 

Spectrophotometer. Solid samples were taken in KBr discs. For FTIR, compound and KBr powder 

were dried so as to increase the compacting pressure. The mixture of compound and KBr were taken 

in a 1:1. It was then thoroughly blended by using a mortar and pestle. After blending the powder 

mixture was pressed in a mechanical press to form a transparent pellet through which the beam of 

the spectrometer was passed. 

2.1.3.3. Melting Point 

Melting point of synthesized compound was recorded in open capillaries using melting point 

apparatus named Stuart SMP10 GOLD SIGMA ALDRICH. 

2.1.3.4. Electron Impact Mass Spectra (EI-MS)  

Electron Impact Mass Spectra (EI-MS) and positive fast atomic bombardment (FAB+-MS) 

was recorded on a QSTAR XL MS/MS system (Foster City, USA). 

 



2.1.3.5. 
1
H-NMR 

Proton NMR spectra were recorded on Bruker NMR spectrometers (Fallenden, Switzerland). 

AV-300 MHz and AV-600 MHz spectrometers using (CD3)2SO, CDCl3 (CD3)2CO, D2O, CD3OD 

and TMS as an internal standard.  

2.2. Synthesis and experimental data for the synthesis of N,N'-(1,3 

phenylenebis(methylene))bis(5-(dimethylamino)naphthalene-1-sulfonamide) (AA) 

 

1,3-phenylenedimethanamine (100 g, 0.73 mM) and 5-(dimethylamino)naphthalene-1-

yl)sulfonyl)chloronium (dancyl chloride) (396.69 g, 1.47 mM) was taken in round bottom flask (100 

mL). To the reaction mixture acetone (5 mL) was added and shaked for a while for proper mixing. 

The reaction mixture was then refluxed at room temperature for 20 h with constant stirring. After 

that stirring was stopped and the greenish-brown residue was poured into beaker. Acetone was 

evaporated. The residue was then passed through coulmn chromatography.  

Yield: 70 % M.P. = 165-167 
o
C, 1H-NMR (300 MHz, CDCl3): δ 2. 861 (s, 12H, 4CH3), 3.81 

(d, 4H, J= 6 Hz, 2CH2), 4.803(t, J=5.7 Hz, 2H, NH), 6.394 (s, 1H, Aromatic), 6.744 (d, 2H, J=7.2 

Hz, Aromatic), 6.835 (d, J=6.9 Hz, 1H, Aromatic), 7.154 (d, J= 7.5 Hz, 2H, Aromatic), 7.419 (t, 

J=15.9 Hz, 2H, Aromatic), 7.532 (t, J=16.2 Hz, 2H, Aromatic), 8.190 (q, J=22.8 Hz, 4H, Aromatic), 

8.457 (d, J=8.4 Hz, 2H, Aromatic),  EI-MS: m/z 602.77.  



 

Figure 2.1 Images of N,N'-(1,3 phenylenebis(methylene))bis(5-(dimethylamino)naphthalene-1-

sulfonamide) AA, A: In the presence of normal light and B: In the presence of fluorescent light 

2.3. GENERAL REACTION FOR THE SYNTHESIS OF 4'-HYDROXY-[1,1'-

BIPHENYL]-4-YL 5-(DIMETHYLAMINO)NAPHTHALENE-1-SULFONATE (BP) 

 

Scheme 6 General scheme for the synthesis of 4'-hydroxy-[1,1'-biphenyl]-4-yl 5-

(dimethylamino)naphthalene-1-sulfonate (BP) 

 

 



2.3.1. EXPERIMENTAL IN GENERAL 

The dry and freshly distilled organic solvents n-Hexane, Ethyl acetate were utilized for 

performing column chromatography. Acetone used for reaction was of analytical grade. Non-

aqueous reaction was performed in oven dried glassware. 

2.3.2. CHROMATOGRAPHY 

Reaction were monitored by thin layer chromatography using pre coated silica gel aluminum 

packed plates, Kiesal 60 HF454 from Merck (Germany). TLC was performed in n-hexane, ethyl 

acetate and n-hexane detected by using ultraviolet light (λmax 254 and 365 nm). Column 

chromatography was done by using E. Merck silica gel (0.063 - 0.400).  

2.3.3. INTRUMENTATION AND CHARACTERIZATION  

The compounds were characterized by physical constant and spectro-analytical techniques.  

2.3.3.1. UV-visible spectrophotometry 

UV–visible spectra were recorded on UV-vis -1800 spectrophotometer of Shimadzu at room 

temperature using 4 mL cuvette. 

2.3.3.2. Fourier transform infra-red spectroscopy  

Shimadzu Fourier transform infra-red spectrophotometer model IR prestige 21 

Spectrophotometer. Solid samples were taken in KBr discs. For FTIR, compound and KBr powder 

are dried so as to increase the compacting pressure. The mixture of compound and KBr were taken 

in a 1:1. It was then thoroughly blended by using a mortar and pestle. After blending the powder 



mixture was pressed in a mechanical press to form a transparent pellet through which the beam of 

the spectrometer was passed. 

2.3.3.3. Melting Point 

Melting point of synthesized compound was recorded in open capillaries using Stuart SMP10 

GOLD SIGMA ALDRICH melting point apparatus. 

2.3.3.4. Electron Impact Mass Spectra (EI-MS) 

Electron Impact Mass Spectra (EI-MS) and positive fast atomic bombardment  (FAB+-MS) 

was recorded on a QSTAR XL MS/MS system (Foster City, USA). 

2.3.3.5. 
1
H-NMR 

Proton NMR spectra were recorded on Bruker NMR spectrometers (Fallen den, Switzerland). 

AV-300 MHz and AV-600 MHz spectrometers using (CD3)2SO, CDCl3 (CD3)2CO, D2O, CD3OD 

and TMS as an internal standard.  

2.4.   Synthesis and experimental data of all compounds for the synthesis of 4'-hydroxy-[1,1'-

biphenyl]-4-yl 5-(dimethylamino)naphthalene-1-sulfonate (BP) 

 

[1,1'-biphenyl]-4,4'-diol (37 mg, 0.19 mM) and K2CO3 (37 mg, 1.19 mM) were mixed by 

adding 20 ml of acetone in a round bottom flask (100 mL). It was then stirred for 40-45 min at 40
0
C. 

After that 5-(dimethylamino)naphthalen-1-yl)sulfonyl)chloronium (dancyl chloride) (215 mg, 0.39 

mM) was added to it. The mixture was then refluxed at room temperature for 20 h with constant 



stirring. After that stirring was stopped and the yellowish brown residue was transferred to 

seperating funnel to which 40 mL of EtOAc was added. Then 30 mL of water was also added to the 

same separating funnel and was then extracted. The process was repeated for two to three times. The 

EtOAc soluble part was collected water part was discarded. EtOAc was evaporated at room 

temperature. The residue was then passed through coulmn chromatography. 

Yield: 70 % M.P. = 129-130 
o
C, 1H-NMR (300 MHz, CDCl3) δ 2.907 (s, 6H, CH3), 6.903 

(d, J=8.7 Hz, 2H, Aromatic), 7.11 (d, J=8.7 Hz, 2H, Aromatic), 7.357 (d, J=7.5 Hz, 1H, Aromatic), 

7.440 (d, J=8.7 Hz, 2H, Aromatic), 7.515 (p, J= 15.9 Hz, 3H, Aromatic), 7.727 (t, J= 16.2 Hz, 1H, 

Aromatic), 8.065 (d,d, J= 8.4 Hz, 1H, Aromatic), 8.447 (d, J=8.4 Hz, 1H, Aromatic), 8.650 (d, J= 8.7 

Hz, 1H, Aromatic), EI-MS: m/z 419.49. 

    

Figure 2.2 Images of [1,1'-biphenyl]-4,4'-diyl bis(5-(dimethylamino)naphthalene-1-sulfonate) (BP) 

A: In the presence of normal light and B: In the presence of fluorescent light 

 

 



2.5. GENERAL SCHEME AND METHODOLOGY FOR THE SYNTHESIS OF 

NANOPARTICLES 

 We have designed a scheme for the synthesis of Nanoparticles which deals with: 

1. The aqueous synthesis of gold nanoparticles from ligand 

 2,2'-((1E,1'E)-(butane-1,4-diylbis(azanylylidene))bis(methanylylidene))diphenol (C4) 

2. The aqueous synthesis of silver nanoparticles from ligand 

 2,2'-((1E,1'E)-(propane-1,3-diylbis(azanylylidene))bis(methanylylidene))diphenol (C3) 

 2,2'-((1E,1'E)-(hexane-1,6-diylbis(azanylylidene))bis(methanylylidene))diphenol (C6) 

3. Effect of concentration of ligand on the synthesis of nanoparticles 

4. Effect of temperature on the stability of synthesized nanoparticles 

5. Effect of varying pH, and salt concentrations 

6. Characterization of nanoparticles by UV-vis spectroscopy, FTIR and AFM technique 

7. Chemosensing properties of synthesized gold nanoparticles has been discussed  

 

 

 

 

 

 

 



2.6. SYNTHETIC SCHEME FOR C4 STABILISED GOLD NANOPARTICLES 

 

Scheme 7 Synthetic scheme for gold nanoparticles and their screening studies 

 

 



2.6.1 SYNTHESIS OF GOLD NANOPARTICLES 

2.6.1.1 MATERIALS AND INSTRUMENTS 

 HAuCl4 (99%) and sodium borohydride (NaBH4; 99%) were obtained from sigma Aldrich. 

 Analytical grade HCl/NaOH were used for pH measurement. 

 Compound C4 (2,2'-((1E,1'E)-(butane-1,4 

diylbis(azanylylidene))bis(methanylylidene))diphenol) and 2 (1-(3-

(acetylthio)propyl)pyrazin-1-ium) were provided by supervisor, prepared by one of our lab 

fellow.  

 All glassware‟s were cleaned with aqua regia (HCl/HNO3, 3:1 v/v), followed by thorough 

rinse with de-ionized water prior to use. 

 A digital pH meter model 510 (Oakton, Eutech) equipped with a glass working electrode and 

a reference Ag/AgCl electrode was employed for pH measurement.  

 UV-vis spectra were recorded between 200-700 nm using UV-vis spectrometer (Shimadzu 

UV-1800 spectrophotometer) with a path length of 1 cm using 4 mL cuvette.  

 The FTIR spectra were recorded using IR prestige 21 spectrophotometer (Shimadzu). For 

FTIR, mixture of ligand (freeze dried) and KBr was taken in a 1:1. This powder mixture was 

then pressed in a mechanical press to form a transparent pellet through which the beam of the 

spectrophotometer was passed.  

 AFM images were recorded on 5500 AFM of Agilent Technologies in tapping mode by using 

Pico view 1.122 software. Triangular silicon nitride cantilevers of 125 μM length, 4 μM 

width 42 N m
-1

force constant and 330 KHz resonance frequency (Agilent Technologies 

USA) was used to acquire height/topography images at a scan rate of 0.5 Hz.  



2.6.1.2. EXPERIMENTAL DETAILS FOR C4 STABILIZED GOLD NANOPARTICLES 

SYNTHESIS  

 The ligand C4 has low solubility in water therefore for its solubility CH3CN was used as a 

solvent. Dilution was then made by deionized water to prepare 1 mM stock solution of 

ligand. Further 0.05 mM solution of ligand was prepared from 1 mM stock and was used for 

the synthesis of gold nanoparticles. 

 Similarly HAuCl4 having 1 mM stock was prepared in water; it was then diluted further to 

0.05 mM concentrated solution for nanoparticles synthesis. 

 Freshly prepared 40 mM solution of NaBH4 was prepared from which 4 mM NaBH4 was 

prepared and was used as reducing agent.  

 Different ratios of ligand (0.05 mM) and HAuCl4 (0.05 mM) was taken and kept on stirring 

for 30 min.  

 After that 4 mM of NaBH4 was added to it drops wise.  

 By the addition of reducing agent, the color of the reaction mixture generally changed 

depends upon the suitability and formation of nanoparticles from HAuCl4 and ligand ratios. 

The change in color indicates the formation of AuNPs.  

 The solution was allowed for constant stirring for 3 h, after that the synthesized nanoparticles 

were characterized by UV-vis spectrophotometer.  

 Similarly different ratios of ligand and HAuCl4 were tested keeping NaBH4 quantity same.  

 The ratio having maximum absorbance in the region 500-600 nm was considered as optimum 

ratio for the synthesized gold nanoparticles.  

 For FTIR study, the AuNPs solutions were freeze dried and was used as solid AuNPs.  



2.6.1.3. SYNTHESIS OF GOLD NANOPARTICLES STABILIZED WITH SCHIFF BASE 

2,2'-((1E,1'E)-(BUTANE-1,4-

DIYLBIS(AZANYLYLIDENE))BIS(METHANYLYLIDENE))DIPHENOL (C4) 

2.6.1.3.1. Ligand C4 

 The ligand Schiff base 2,2'-((1E,1'E)-(butane-1,4-diylbis(azanylylidene))bis 

(methanylylidene))diphenol.  

 

Figure 2.3 2,2'-((1E,1'E)-(butane-1,4-diylbis(azanylylidene))bis(methanylylidene))diphenol 

2.6.1.3.2. Synthesis of gold nanoparticles stabilized with ligand C4 

Water soluble AuNPs were synthesized by the reduction of hydrogen tetrachloroaurate(III) 

trihydrate using C4 Schiff base as a stabilizing agent and sodium borohydride as reducing agent via 

Turkevich method [77, 330]. Different ratios of HAuCl4:C4 have been tried to synthesize C4 

stabilized AuNPs. After adding reducing agent, the color of the reaction mixture changed from 

colorless to wine-red, depending upon the ratios of HAuCl4 and ligand C4, indicating the formation 

of gold nanoparticles. As compared to other ratios, we have obtained highest absorbance at a 10:1 

(HAuCl4:C4). The SPR absorption band was measured by using UV–vis spectrophotometer; and its 

maximum absorption was located at 526 nm which could be kept for several days without any 

noticeable shift in their absorption band at room temperature and evidences of precipitation [78]. 

 



2.7. SYNTHETIC SCHEME FOR C3 AND C6 STABILISED SILVER NANOPARTICLES 

 

Scheme 8 Synthetic scheme for silver nanoparticles 

 

 

 

] 



2.7.1. SYNTHESIS OF SILVER NANOPARTICLES 

2.7.1.1. MATERIALS AND INSTRUMENTS 

 AgNO3 (99 %) was purchased from Merck and sodium borohydride (NaBH4; 99 %) was 

obtained from sigma Aldrich.  

 Analytical grade HCl/NaOH was used for pH measurement. 

 Compound C3 2,2'-((1E,1'E)-(propane-1,3-

diylbis(azanylylidene))bis(methanylylidene))diphenol and C6 2,2'-((1E,1'E)-(hexane-1,6- 

 diylbis(azanylylidene))bis(methanylylidene))diphenol was provided by supervisor, prepared 

by one of our lab fellow.  

 All glasswares were cleaned with aqua regia (HCl/HNO3, 3:1 v/v), followed by thorough 

rinse with de-ionized water prior to use.  

 A digital pH meter model 510 (Oakton, Eutech) equipped with a glass working electrode 

and a reference Ag/AgCl electrode was employed for pH measurement.  

 UV-vis spectra were recorded between 200-700 nm using UV-vis spectrophotometer 

(Shimadzu UV-1800 spectrophotometer) with a path length of 1 cm using 4 mL cuvette. 

 The FTIR spectra were recorded using IR prestige 21 spectrophotometer (Shimadzu). A 

mixture of ligand (freeze dried) and KBr was taken in a 1:1. This powder mixture was then 

pressed in a mechanical press to form a transparent pellet through with the beam of the 

spectrophotometer was passed.  

 AFM images were recorded on 5500 AFM of Agilent Technologies in tapping mode by 

using picoview 1.122 software. Triangular silicon nitride cantilevers of 125 μM length, 4 



μM width 42 N m
-1

force constant and 330 KHz resonance frequency (Agilent Technologies 

USA) were used to acquire height/topography images at a scan rate of 0.5 Hz.  

2.7.1.2. EXPERIMENTAL DETAILS FOR C3 AND C6 STABILIZED SILVER 

NANOPARTICLES SYNTHESIS  

 The ligand C3 and C6 has low solubility in water; therefore CH3CN was used as a solvent for 

solubility. Dilution was made by deionized water to prepare 1 mM solution of each ligand. 

Further 0.1 mM solution of each ligand was prepared using de-ionized water and was used 

for the synthesis of AgNPs.  

 Similarly 1 mM solution of AgNO3 was prepared in water as stock solution. This was then 

diluted to 0.1 mM concentration.  

 Freshly prepared 40 mM solution of NaBH4 was used. NaBH4 (40 mM) is then diluted to 4 

mM and was used as a reducing agent for the nanoparticles synthesis process.  

 A mixture of ligand (0.1 mM) and AgNO3 (0.1 mM) in a 1:1 was taken and was kept on 

stirring for 30 min.  

 After that 4 mM of NaBH4 was also added drop wise to the reaction solution. After addition 

of reducing agent, the color of the reaction mixture generally changed, depending upon the 

AgNO3 and ligand ratios. The change in color from light yellowish to dark brown indicates 

the formation of AgNPs. 

 The solution was then allowed for constant stirring for 3 h, after that the synthesized 

nanoparticles solutions were characterized by UV-vis spectroscopy.  

 Similarly, different ratios of ligand, AgNO3 and NaBH4 were tested. The ratio having 

maximum absorbance in the region 350-450 nm was considered as optimum ratio for the 

synthesis of AgNPs.  



 For FTIR the AgNPs solutions were freeze dried and was used as solid AgNPs. 

2.7.1.3. SYNTHESIS OF AgNPs STABILIZED WITH 2,2'-((1E,1'E)-(PROPANE-1,3-

DIYLBIS(AZANYLYLIDENE))BIS(METHANYLYLIDENE))DIPHENOL (C3) 

2.7.1.3.1. Ligand C3 

 The ligand Schiff base 2,2'-((1E,1'E)-(propane-1,3-

diylbis(azanylylidene))bis(methanylylidene))diphenol (C3). 

 

Figure 2.4 2,2'-((1E,1'E)-(propane-1,3-diylbis(azanylylidene))bis(methanylylidene))diphenol 

2.7.1.3.2. Synthesis of silver nanoparticles stabilized with ligand C3 

We have tried to synthesize C3 stabilized AgNPs by using different ratios of AgNO3:C3. 

After adding reducing agent sodium borohydride, the color of the reaction mixture changed from 

light yellow to dark brown, depending upon the ratio of AgNO3 and ligand C3, indicating the 

formation of silver nanoparticles. As compared to other ratios we obtained highest absorbance at 

15:1 (AgNO3:C3) as cleared from the SPR band of AgNO3 at 390 nm region [331]. 

2.7.1.4. SYNTHESIS OF AgNPs STABILIZED WITH 2,2'-((1E,1'E)-(HEXANE-1,6-

DIYLBIS(AZANYLYLIDENE))BIS(METHANYLYLIDENE))DIPHENOL (C6) 

2.7.1.4.1. Ligand C6 

  The ligand Schiff base 2,2'-((1E,1'E)-(hexane-1,6-diylbis(azanylylidene))bis 

(methanylylidene))diphenol (C6). 



 

Figure 2.5 2,2'-((1E,1'E)-(hexane-1,6-diylbis(azanylylidene))bis(methanylylidene))diphenol 

2.7.1.4.2. Synthesis of silver nanoparticles stabilized with ligand C6  

C6 stabilized AgNPs were synthesized by using different ratios of AgNO3:C6. After adding 

reducing agent sodium borohydride, the color of the reaction mixture changed from light yellow to 

dark brown, depending upon the ratio of AgNO3 and ligand C6, indicating the formation of silver 

nanoparticles. As compared to other ratios we obtained highest absorbance at 10:1 (AgNO3:C6) as 

cleared from the SPR band of AgNO3 at 390 nm region [331]. 
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3.1. REACTION FOR THE SYNTHESIS OF N,N'-(1,3-

PHENYLENEBIS(METHYLENE))BIS(5-(DIMETHYLAMINO)NAPHTHALENE-1-

SULFONAMIDE) (AA) 

 

Scheme 9 Balanced chemical reaction for the formation of N,N'-(1,3-

phenylenebis(methylene))bis(5-(dimethylamino)naphthalene-1-sulfonamide) named AA 

Compound AA obtained as yellowish green crystals. The UV-vis spectra of the compound 

exhibit no absorption band in the visible range of wavelength, their maxima lying in the 200-350 nm 

UV range (i.e. 217, 250.69, 336.07 nm) (Figure 3.1). FTIR spectra of AA was shown in figure 3.2. 

The molecular formula of AA was determined as C32H34N4O4S2 on the basis of 
1
H-NMR and EI-MS, 

where molecular ion peak was observed at m/z: 602.20 [M]
+ 

(Figure 3.3).  

The 
1
H-NMR spectral data of compound AA, the observed signals belonged to twelve aliphatic 

proton at δH 2. 861 (s, 4CH3), four aliphatic proton at δH 3.81 (d, 4H, J= 6 Hz, 2CH2), two NH proton at 

δH 4.803 (t, J=5.7 Hz, 2H, NH),  one aromatic proton at δH 6.394 (s, 1H, Aromatic), two aromatic proton 

at δH 6.744 (d, 2H, J=7.2 Hz, Aromatic), one aromatic proton at δH 6.835 (d, J=6.9 Hz, 1H, Aromatic), 

two aromatic proton at δH 7.154 (d, J= 7.5 Hz, 2H, Aromatic), two aromatic proton at δH 7.419 (t, J=15.9 

Hz, 2H, Aromatic), two aromatic proton at δH 7.532 (t, J=16.2 Hz, 2H, Aromatic), four  aromatic proton 

at δH 8.190 (q, J=22.8 Hz, 4H, Aromatic), two aromatic proton at δH 8.457 (d, J=8.4, 2H, Aromatic) 

(Figure 3.4). 
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Figure 3.1 UV-vis absorbance of compound N,N'-(1,3-phenylenebis(methylene))bis(5-

(dimethylamino)naphthalene-1-sulfonamide) [AA (0.05 mM)]

Figure 3.2 FTIR spectra of the compound N,N'-(1,3-phenylenebis(methylene))bis(5-

(dimethylamino)naphthalene-1-sulfonamide) 



Figure 3.3 EI- mass spectra of the compound N,N'-(1,3-phenylenebis(methylene))bis(5-

(dimethylamino)naphthalene-1-sulfonamide) 

Figure 3.4 
1
H-NMR (300 MHz) spectra of compound N,N'-(1,3-phenylenebis(methylene))bis(5-

(dimethylamino)naphthalene-1-sulfonamide) in CDCl3 



3.2. REACTION FOR THE SYNTHESIS OF 4'-HYDROXY-[1,1'-BIPHENYL]-4-YL 

5-(DIMETHYLAMINO)NAPHTHALENE-1-SULFONATE (BP) 

 

Scheme 10 Reaction mechanism for the formation of 4'-hydroxy-[1,1'-biphenyl]-4-yl 5-

(dimethylamino)naphthalene-1-sulfonate (BP) 

Compound BP obtained as yellow powder. The UV-vis spectra of the synthesized compound 

showed characteristics absorption peak lying in the 200-350 nm UV range (215.72, 258.92 and 

350.47nm), there was no absorption bands in the visible range of the wavelength (Figure 3.5). Figure 

3.6 shows the FTIR spectra of BP. The molecular formula of BP was determined as C24H21NO4S on 

the basis of 
1
H-NMR and EI-MS, where molecular ion peak was observed at m/z: 419.49 [M]

+ 

(Figure 3.7). The 
1
H-NMR spectral data of compound BP, the observed signals belonged to six 

aliphatic proton at δH 2.907 (s, 6H, CH3), two aromatic proton at δH 6.903 (d, J=8.7 Hz, 2H, 

Aromatic), two aromatic proton at δH 7.11 (d, J=8.7 Hz, 2H, Aromatic), one aromatic proton at δH 

7.357 (d, J=7.5 Hz, 1H, Aromatic), two aromatic proton at δH 7.440 (d, J=8.7 Hz, 2H, Aromatic), 

three aromatic proton at δH 7.515 (p, J= 15.9 Hz, 3H, Aromatic), one aromatic proton at δH 7.727 (t, 

J= 16.2 Hz, 1H, Aromatic), one aromatic proton at δH 8.065 (d,d, J= 8.4 Hz, 1H, Aromatic), one 

aromatic proton at δH 8.447 (d, J=8.4 Hz, 1H, Aromatic), one aromatic proton at δH 8.650 (d, J= 8.7 

Hz, 1H, Aromatic) (Figure 3.8).  
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Figure 3.5 UV-vis absorbance of compound 4'-hydroxy-[1,1'-biphenyl]-4-yl 5-

(dimethylamino)naphthalene-1-sulfonate (0.05 mM) 

 

Figure 3.6 FTIR spectra of the compound 4'-hydroxy-[1,1'-biphenyl]-4-yl 5-

(dimethylamino)naphthalene-1-sulfonate 



Figure 3.7 EI- mass spectra of the compound 4'-hydroxy-[1,1'-biphenyl]-4-yl 5-

(dimethylamino)naphthalene-1-sulfonate

Figure 3.8 
1
H-NMR (300 MHz) spectra of compound 4'-hydroxy-[1,1'-biphenyl]-4-yl 5-

(dimethylamino)naphthalene-1-sulfonate in CDCl3 



3.3.2,2'-((1E,1'E)-(BUTANE-1,4 

DIYLBIS(AZANYLYLIDENE))BIS(METHANYLYLIDENE))DIPHENOL STABILIZED 

GOLD NANOPARTICLES (C4-AuNPs) 

3.3.1. Characterization by UV-vis spectroscopy 

To the mixture of ligand C4 and gold chloride, sodium borohydride was added which 

suddenly change the color from colorless to win-red. This win-red color is a positive indication for 

the reduction of Au ions as revealed by the peak at 526 nm corresponding to the surface plasmon 

resonance band for C4-AuNPs (C4 stablized gold nanoparticles) [78]. In order to obtain an optimum 

ratio for the synthesis of C4-AuNPs it was found that by increasing HAuCl4 ratio, there is a gradual 

reduction in size of the C4-AuNPs, by observing an increae in absorbance due to more surface area. 

However, decomposition of C4-AuNPs was observed by increasing the amount of ligand C4 as 

indicated by decrease in absorbance at 526 nm (Figure 3.9).  
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Figure 3.9 Effect of various ratios of HAuCl4:C4 on the surface plasmon resonance band of 

gold nanoparticles 



3.3.2. Characterization C4-AuNPs by FTIR spectroscopy 

The FT-IR spectrum of C4 exhibited clear bands in the –O-H, =C-H, -C=N, C=C and -C-O 

stretching regions at 3355 cm-1, 2922 cm-1, 1635 cm-1,1435 cm-1 and 1004 cm-1 respectively. 

After formation of C4-AuNPs, –O-H, C=N groups in the IR spectrum is completely disappears 

which confirmed their involvement in the stabilization of gold nanoparticles. (Figure 3.10. a & b).  

 

Figure 3.10 (a) FTIR spectra of (a) pure ligand C4 (b) AuNPs stabilized with ligand C4 



3.3.3. Characterization C4-AuNPs by Atomic force microscope (AFM) 

Particle size of AuNPs was determined by atomic force microscope. The study shows that 

particles formed were in the range of 2.37-23.7 nm and are polydispersed in nature. The average size 

was found to be 11 nm. Atomic force micrograph and particle size distribution are reported in figure 

3.11 & 3.12. 

 

 

 

 

 

Figure 3.11 Size distribution curve of AuNPs stabilized with ligand C4 

 

 

 

 

 

Figure 3.12 AFM image of AuNPs capped with ligand C4 

 



3.3.4 Stability check of AuNPs stabilized by Ligand C4 

3.3.4.1 Salt effect stability of C4-AuNPs 

Inert salts, especially the inorganic ones, act as catalysts or inhibitors in the micelle mediated 

reactions [332, 333] and variations in salt concentrations can have drastic effect on the chemical 

properties of nanoparticles in a media. Therefore, to monitor the effects of NaCl on the stability of C4-

AuNPs, different concentrations (5 M  0.01 mM) of this salt was treated with C4-AuNPs for 24 hr. 

It is evident from figure 3.13 that an increase in NaCl concentration induced reduction in absorption 

(√max) of C4-AuNPs and thereby decreasing their stability. Turbidity in nanoparticle solution was 

observed after mixing of NaCl solution which could be attributed to strong Cl
–
 ions affinity for Au

+
 

ions and hence the absorption spectrum became broader [334] . A further increased of NaCl (>50 mM) 

concentration drastically effected the electronics environment of nanoparticles and hence 

disappearance of surface plasmon band was experienced.  
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Figure 3.13 Effect of different salts concentrations (NaCl) on stability of C4-AuNPs (50 μM) 

after 24 h 



3.3.4.2. pH effect on stability of C4-AuNPs 

The nanoconjugates were found to be unstable in highly basic and highly acidic media. The 

synthesized AuNPs were found to be acidic in nature at a pH range of 4-5. The absorption spectra 

recorded at pH 2-8 was unaffected but as we decrease (pH < 2) or increase (pH >8) acidity of 

nanoparticles solution accompanied either reduction or distortion in the absorption band.  A new peak at 

625 nm was observed in highly basic conditions (i.e. pH 12) along with a naked change in color from 

red to purple and then blue (Figure 3.14). It can safely be assumed that under highly basic conditions, 

the C4-AuNPs aggregate lead to the visual change in color. 
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Figure 3.14 Effect of pH variability on stability of C4-AuNPs (50 μM) 

3.3.4.3. Temperature Effect 

In order to study the effect of heat on the SPR peak of AuNPs, it was heated for 30 min at a 

temperature of 100 
o
C. The plasmon peak did not shift but slight reduction in the band intensity was 



observed at higher temperature. The reduction in absorption band is in agreement with the results 

reported by El-Sayed research group [335]. They found that, on the basis of dominant electronic 

dephasing mechanism which involves electron-electron interactions, this high temperature of electronic, 

not only lead to a faster electron-electron scattering rate but should also increase the electron-surface 

and electron-defect scattering. The velocity of an electron depends temperature and on its state energy. It 

rises for higher excited electronic states. As an increase in the velocity of the electrons leads to a larger 

damping constant and therefore to a faster dephasing and hence resulting in the reduction of absorbance 

of plasmon band. Figure 3.15 reports absorption spectra of C4-AuNP placed at room temperature and at 

elevated temperatures. 
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Figure 3.15 Effect of temperature on UV-vis spectra of C4-AuNPs (50 μM) 

 



3.4. 2,2'-((1E,1'E)-(PROPANE-1,3-

DIYLBIS(AZANYLYLIDENE))BIS(METHANYLYLIDENE))DIPHENOL STABILIZED 

SILVER NANOPARTICLES (C3-AgNPs) 

3.4.1. Characterization of C3-AgNPs by UV-vis spectroscopy  

Characterization of AgNPs with UV-vi spectroscopy showed SPR band at 390 nm, which is a 

positive indication of reduction of Ag ions and formation of AgNPs. In order to obtain an optimum ratio 

for the formation of C3-AgNPs, it was found that by increasing AgNO3 ratio (Figure 3.16), there was a 

gradual reduction in the size of C3-AgNPs. This was observed by an increase in the absorbance due to 

more surface area. This well-defined plasmon peak is indicative of relatively small and monodispersed 

silver particles. It means that an optimum amount of ligand C3 is necessary for the reduction of AgNPs. 

However, an excess amount of ligand C3 causes a decay in the absorbance in the UV-vis band; 

confirming the decomposition of AgNPs [331]. 
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Figure 3.16 Effect of various ratios of AgNO3:C3 on the surface plasmon resonance band of 

silver nanoparticles 

3.4.2. Characterization C3-AgNPs by FTIR spectroscopy 

The FT-IR spectrum of C3 exhibited clear bands in the –O-H, =C-H, -C=N, C=C and –CO 

stretching regions at, 2922 cm-1, 2882 cm-1, 2350 cm-1, 1627 cm-1 and 1435 cm-1 respectively. 

After formation of C3-AgNPs, –OH and amine groups in the IR spectrum is completely disappeared 

which shows hydroxyl group involved in the stabilization of C3AgNPs (Figure 3.17 a & b) 

  



 

Figure 3.17 (a) FTIR spectra of pure ligand C3 (b) AgNPs stabilized with ligand C3 

3.4.3. Characterization C3-AgNPs by Atomic force microscopy 

Atomic force micrograph is reported in figure 3.19, which indicates the formation of silver 

nanoparticles. The average size of nanoparticles was found to be 29.93 nm. The study show that 

particles formed were in the range of 5.44-54.4 nm and are polydispersd in nature shown by size 

distribution curve (Figure 3.18). 



 

Figure 3.18 Size distribution curve of AgNPs stabilized with ligand C3 

 

Figure 3.19 AFM image of AgNPs capped with ligand C3 

3.4.4 Stability check of AgNPs stabilized by Ligand C3 

3.4.4.1 Effect of pH 

The pH effect has been studied and the results have been shown in figure 3.20. It is clear 

from the figure that the synthesized AgNPs were found to be acidic with a pH of 4-5. The absorption 

spectra recorded at different pH 3 to pH 7 was unaffected but an increase in (pH >8) nanoparticles 



solution accompanied by reduction in absorption band.  A slight new peak was also found around 

600 nm in basic conditions (i.e. pH 9-10), where further increase in pH 11-12 caused the 

nanoparticles aggregated and also there was no such absorption band. It can safely be assumed that 

under highly basic conditions, the C3-AgNPs aggregate with disturbance in absorption band.  
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Figure 3.20 Effect of pH variability on stability of C3-AgNPs (50 μM) 

3.4.4.2. Effect of Temperature 

Temperature effect on stability of AgNPs was studied at room temperature and as wel as at 100 

o
C. Silver nanoparticles were heated to boil for 30 min at 100 

o
C and then stability was checked by 

observing its absorbance value. Figure 3.21 Shows the absorption spectra of 0.01 µM solution of AgNPs 

at 100 
o
C. The results indicated that the temperature has prominent effect on the absorption band of C3-

AgNPs, resulting in a decrease in the absorption spectra of C3-AgNPs, while there was  little bit 

broadening in peak was observed with heat treatment.  
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Figure 3.21 Effect of temperature on UV-vis spectra of C3-AgNPs (50 μM) 

3.4.4.3 Effect of salt concentration (NaCl) 

In order to observe the effect of salt concentration on nanoparticles peak, various concentration 

solution of NaCl (5 M  0.01 mM) was prepared. All these various concentration of NaCl was treated 

with C3-AgNPs (0.1 mM) for 24 h. It is evident from figure 3.22 that an increase in NaCl concentration 

induced reduction in absorption (λmax) of C3-AgNPs and thereby decreasing their stability. A gradual 

change in peak shape was observed, an initial halide surface layer of unknown structure may form very 

rapidly as observed. The successive changes in the UV-visible spectra proposed that this layer then 

developed into a silver halide layer. For NaCl, the onset concentration for aggregation is considerably 

lower. This has been discussed in term of a distinct effect on the NPs surface, in which the surface 

charge dropped by nearly a factor of 2. It is not clear that how this is accomplished. But one probability 

is that a chloride layer decreases the number of adsorption sites for the highly charged ligand C3. 



Instead, the chloride ion may substitute ligand C3 entirely but then form AgCl2 rather than AgCl, 

thereby retaining a negatively charged surface but with a lesser value [336]. 
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Figure 3.22 Effect of various concentration of NaCl on stability of C3-AgNPs (0.1 mM) after 24 h 

3.5. 2,2'-((1E,1'E)-(HEXANE-1,6-

DIYLBIS(AZANYLYLIDENE))BIS(METHANYLYLIDENE))DIPHENOL STABILIZED 

SILVER NANOPARTICLES (C6-AgNPs) 

3.5.1. Characterization C6-AgNPs by UV-vis spectroscopy  

UV-vis spectroscopy was used for the determination of SPR absorption band. The solution 

mixture of C6 and AgNO3 turned brown upon addition of NaBH4. This change in color was a positive 

indication for the reduction of Ag ions as revealed by the peak present at 390 nm [331] figure 3.23, 

corresponding to the surface plasmon resonance band of AgNPs. In order to obtain an optimum ratio for 

the synthesis of AgNPs, it was found that by increasing AgNO3 ratio (Figure 3.23); there is a gradual 

reduction in the size of the AgNPs, by observing an increase in absorbance due to more surface area. 



However, decomposition of the AgNPs was observed by increasing the amount of ligand C6 as indicated 

by decrease in the absorbance at 390 nm. At a ratio of 10:1 we got maximum absorbance value, by 

increasing the amount of AgNO3 again there was depression in absoption peak. 
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Figure 3.23 Effect of various ratios of AgNO3:C6 on the absorption band of silver nanoparticles 

3.5.2. CHARACTERIZATION OF C6-AgNPs BY FTIR SPECTROSCOPY 

The FT-IR spectrum of C6 exhibited clear bands in the –O-H, =C-H, -C=N, C=C and -C-O 

stretching regions at 3369 cm-1, 2922 cm-1, 2857 cm-1, 1743 cm-1, 1608 cm-1, 1508 cm-1, 1390 

cm-1 and 1004 cm-1. After formation of C6-AgNPs, –O-H group, in the IR spectrum is completely 

disappears which shows involved in the stabilization of silver nanoparticles. (Figure 3.24 a & b) 



 

Figure 3.24 (a) FTIR spectra of (a) pure ligand C6, (b) AgNPs stabilized with ligand C6 

3.5.3. CHARACTERIZATION OF C6-AgNPs BY AFM 

Formation of C6-AgNPs was also confirmed by the atomic force micrograph as shown in figure 

3.26. From this micrograph distribution curve was plotted and reported in figure 3.25. The average size 

of nanoparticles was found to be 22.148 nm. The study shows that particles formed were in the range of 

4.03-40.33 nm and are polydispersed. 



 

Figure 3.25 Size distribution curve of AgNPs stabilized with ligand C6

 

Figure 3.26 AFM images of AgNPs capped with ligand C6 

3.5.4. STABILITY CHECK OF AGNPS STABILIZED BY LIGAND C6 

3.5.4.1. TEMPERATURE EFFECT 

Temperature effect on stability of C6-AgNPs was studied up to 100 
o
C. For this C6-AgNPs 

were heated to boil for 30 min at a temperature of 100 
o
C and then stability was checked by 

observing absorbance at room temperature and then at 100 
o
C. Figure 3.27 shows the absorption 



spectra of AgNPs at 100 
o
C. The results indicated that the temperature effect is negligible; resulting 

in a very minute reduction in absorbance while there was no broadening of the plasmon band.  
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Figure 3.27 Effect of temperature on UV-vis spectra of C6-AgNPs (100 μM) 

3.5.4.2. SALT EFFECT 

Different concentration of aqueous solution of NaCl (5 M - 0.01 mM) was prepared and 

conducted a study to shows the effect of salt concentration on the SPR band of C6 stabilized silver 

nanoparticles. The results showed a gradual change in peak shape, an initial halide surface layer of 

unknown structure may form very rapidly as we further increase the salt concentration. The successive 

changes in the UV-visible spectra proposed that this layer developed into silver halide layer. At higher 

salt concentration, results in a decrease in the absorbance value, thereby decrease the stability of 

nanoparticles under study. This rapid decrease in absorption band of C6-AgNPs by NaCl is attributed to 

the aggregation effect promoted by Cl
-1

 ions. The synthesized C6-AgNPs showed stability at a salt 

concentration of up to 1 mM (Figure 3.28). 
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3.28 Effect of different salts concentrations on stability of C6AgNPs (100 µM) after 24 h 

3.5.4.3. EFFECT OF PH ON STABILITY OF C6-AGNPS 

The Nano conjugates were found to be stable in a series of pH range 3-10 shown in figure 3.29. 

At a pH (pH >10) there was little bit broadening in the absorption band while above (pH 11-12) there 

was depression in the absorption band showing the un stability. The synthesized AgNPs were found to 

be acidic in nature at a pH of 4-5. The absorption spectra recorded at pH 2-8 was unaffected but a 

decrease (pH < 2) or increase (pH >8) in acidity of nanoparticles solution accompanied either reduction 

or distortion in the absorption band.  A slight new peak around 625 nm was observed in highly basic 

conditions (i.e. pH 12) (Figure 3.29). It can be assumed that under highly basic conditions the C6AgNPs 

aggregated lead to depression in plasmon band. 
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Figure 3.29 Effect of pH variability on stability of C6AgNPs (50 μM) 

3.6. APPLICATIONS OF COMPOUND 10, AS A SUPRAMOLECULAR CHEMOSENSORS 

FOR CEPHRADINE  

3.6.1. COMPOUND 10 

diethyl 4,4'-((((1,1'-(([1,1'-biphenyl]-4,4'-diylbis(oxy))bis(propane-3,1-diyl))bis(1H-1,2,3-

triazole-4,1-diyl))bis(methylene))bis(oxy))bis(4,1-phenylene))bis(2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-

hexahydroquinoline-3-carboxylate)   

 

 

 

 



Fluorescent supramolecular tweezers for selective recognition of cephradine 

 

3.6.2. PREPARATION OF SOLUTIONS FOR ABSORPTION AND FLUORESCENCE 

MEASUREMENT 

A stock solution of 10 (1.0×10
-3 

M) was prepared by dissolving the required amount in 

Acetonitrile. Further dilutions were made to prepare 5 μM solutions by diluting appropriately the stock 

solution. Drugs stock solutions (1.0×10
-3 

M) of ceftriaxone, cefaclore, amoxicillin, cephradine, 

cefotoxime, diclofenac, pefloxacin, 6APA, paracetamole, penicillin were also prepared by dissolving the 

appropriate amount of drug in water which is further diluted to 5 μM. Both the excitation and emission 

slit width were 10 and 5 respectively using a 3.0 mL cuvette. 

3.6.3. SPECTRAL STUDIES 

  It is a well-known fact that fluorescent emission spectroscopy is extremely sensitive toward 

any small changes that affect the electronic properties of molecule under study. The UV-vis spectrum 

of probe 10 recorded in acetonitrile: water (1:1) at a pH 7.7 is shown in figure 3.30 is characterized 

by a broad absorption band from 210 to 400 nm. Within this broad absorption band there is one main 



peak that is located at a region of 360 nm band which reflects an intramolecular charge transfer band 

of the entire conjugated molecule. When excited at 360 nm in acetonitrile-water (1:1 v/v) compound 

10 (5 μM) exhibited a strong fluorescence emission band at 434 nm, in the fluorescence spectrum.  

3.6.4. SCREENING STUDY 

For an ideal chemosensor it must have a power of rapid detection. Screening study was 

performed by adding 1:1 of each drug and compound 10 in a 4 mL cuvette. Addition of cephradine 

into a 5 μM solution of 10 resulted in significant enhancements in both the excitation and emission 

intensities at 360 nm and 434 nm, respectively, whereas other drugs such as cefotoxime, amoxicillin, 

penicillin, 6-aminopenicillanic acid, diclofenac, pefloxacin, ceftriaxone, cefaclor and paracetamole 

displayed much weaker responses as compare to cephradine (Figure 3.31 & 3.32). In acetonitrile-

water, 10 (5 μM) exhibited a 430-fold enhancement of fluorescence intensity at peak wavelength λ 

max 434 nm in the presence of cephradine in a 1:1. The relatively low intrinsic fluorescence of 10 is 

associated with deactivation of its excited state by free inversion of its chromophore. Secondary 

interactions between compound 10 and cephradine are believed to hinder free inversion of the 

chromophore and thus increase the activation probability of the excited state of the system. The 

supramolecule 10 is believed to interact with cephradine through hydrogen bonding and π-π stacking.  
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Figure 3.30 UV-visible absorption spectrum of 10 (0.1 mM) recorded in a CH3CN:H2O (1:1), pH 7. 
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Figure 3.31 PL emission spectra of 10 (5 μM) in the presence of others drugs (5 μM) 1:1. The 

excitation was at 360 nm, and the emission was at 434 nm, excitation and emission slit width was 10 

and 5, respectively   
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Figure 3.32 Changes in the excitation spectra of 10 (5 μM) in the presence of different drugs (5 μM) 

in acetonitrile-water (1:1), at a buffer pH = 7. 



3.6.5. ESI-MS ANALYSIS  

ESI-MS analysis supported the formation of a 1:1 complex between supramolecule 10 and 

cephradine, which confirmed the presence of strong non covalent interactions between the host and 

guest even in the vapour phase. The corresponding ESI peak for the supramolecular host-guest 

complex and the full ESI-MS spectrum is given in figure 3.33. 

 

Figure 3.33 ESI-MS spectrum of complex [cephradine + 10 + H]
 + 

 

 



3.6.6. CONCENTRATION STUDY
 

In addition to selectivity, to determine the sensitivity range over which 10 can measure the 

detection of cephradine, a series of solutions were prepared in which the concentration of 10 was 

kept constant but the concentration of cephradine was gradually decreased at an optimized pH 7.7. 

Significant decrease in the fluorescence intensity of 10 was observed when concentrations of 

cephradine were decreases from 5 μM to 1 μM were added as shown in figure 3.34. The 

fluorescence of each solution was measured and the resultant intensity is plotted against 

concentration which shows linear relationship with LOD for cephradine was found to be 2.55 μM 

and LOQ; 7.75 μM with a regression coefficient of 0.99 (Figure 3.35). 
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Figure 3.34 PL spectra of 10 (5 μM) in the presence of different concentration of cephradine (0 μM – 

5 μM) (λ exci = 360 nm, λ emi = 434 nm, excitation and emission slit 10 nm and 5 nm) 

 



 

Figure 3.35 Plot of PL intensity at 434 nm vs. various concentrations of cephradine added 

3.6.7. INTERFERENCE/COMPETITIVE STUDY 

The competition experiments were performed by adding other drugs cefotoxime, amoxicillin, 

penicillin, 6APA, diclofenac, pefloxacin, ceftriaxone, cefaclore, paracetamole, cephradine to the 5 

μM solution of 10 in CH3CN:H2O (1:1, v/v) and a 5 μM solution of cephradine one by one. A 

mixture yielded excitation and emission bands at 360 nm and 434 nm. From the figure 3.36 it was 

concluded that the selectivity of 10 for cephradine, was not interfered by other drugs with the 

enhanced fluorescence.  

 

 

 

 



Figure 3.36 PL response of 10 containing cephradine along with other drugs in competitive study, 

CH3CN:H2O (1:1), buffer 7.7 

 3.6.8. EFFECT OF pH 

The pH has a great influence on the spectroscopic properties of the organic complexes. An 

optimum pH is thus essential in fluorescence studies due to the association and disassociation of the 

10-Cephradine. A study of the pH in the range of 2–12 with a concentration of 5uM solution of 10 

for interaction with cephradine at an emission wavelength of 434 nm is shown in figure 3.37. The 

fluorescence intensity of the system increases from pH 2-7 and attains a maximum value at pH 7.7 

after which it gradually reduced to pH 12; which shows the instability of the 10-cephradine complex 

at a higher pH value. From pH study it was revealed that both acidic and basic medium is going to 

decrease the interaction between compound 10 and cephradine. It is believed that the nitrogen 

present get protonated at acidic pH which can disturb the electronic environment of the fluorophore 

and hence destabilizing the interaction between the two moieties. Similarly pH 8-12 can also lead to 



the formation of phenoxide ion in cephradine which subsequently experiences electrostatic 

interaction with the lone pair of electrons of nitrogen present in compound 10, thus decrease the 

interaction between cephradine and compound 10. Therefore, an optimum pH of 7.7 was selected for 

spectral studies of 10. 

 

Figure 3.37 Plot of PL intensity verses pH for 10 - cephradine (5 μM) at λ exci = 360 nm, λ 

emi = 434 nm. 

 

Figure 3.38 Cephradine sensing by 10 in Karachi surface water 



3.6.9. THE PROPOSED BINDING MODEL 

The stoichiometry of the complex between 10 and cephradine was established by Job‟s plots 

as shown in figure 3.40. The maximum for complexation of 10 with cephradine at a mole fraction of 

0.5 indicates 1:1 complex formation. 

 

Figure 3.39 Host –guest complex of tweezer 10-cephradine 

 

Figure 3.40 Plots of according to the method for continuous variations, indicating the 1:1 

stoichiometry for 10 – cephradine (concentration of 10 and cephradine is 5 μm). 



3.6.10. SUMMARY 

The fluorescent molecular tweezer 10, showed excellent binding for cephradine over other 

competing drugs. The supramolecular interactions of 10 with cephradine led to enhancement in 

fluorescence of 10, which is further supported by ESI-MS data. The biphenyl-based chemosensor 10 

operates well at a neutral pH of 7.7, which can be effective in biological systems and also for the 

detection and quantification of cephradine in waste water from pharmaceutical industries and 

hospitals.  

3.7. APPLICATIONS OF CALIXARENE DERIVATIVE 11 SUPRAMOLECULE, AS A 

CHEMOSENSORS FOR MERCURY (II) 

  

3.7.1. PREPARATION OF SOLUTIONS FOR ABSORPTION AND FLUORESCENCE 

MEASUREMENT 

A stock solution of 11 (1.0×10
-3 

M) was prepared by dissolving the required amount in 

acetonitrile. Further dilutions were made to prepare 10 μM solutions by diluting appropriately the 



stock solution. Salt stock solutions (1.0×10
-3 

M) of FeCl3, FeCl2, K2CO3, KI, MgCO3, NaNO3, 

NiCl2, Ni(NO3)2, CuCl2,CuCl, CuAc, FeSO4, Ba(ClO4)2, Pb(ClO4)2 and Hg(ClO4)2 were prepared by 

dissolving the appropriate amount of salt in water which is further diluted to 10 μM. Both the 

excitation and emission slit width were 10 and 3 respectively using a 3.0 mL cuvette. 

3.7.2. SPECTRAL STUDIES 

The UV-vis spectrum of probe 11 recorded in acetonitrile: water (1:1) having concentration 

of 30 µM is shown in figure 3.41 is characterized by a broad absorption band from 250 to 400 nm. 

Within this broad absorption band there is one main peak at a region of 350 nm band reflects an 

intramolecular charge transfer band of the entire conjugated molecule. When excited at 350 nm in 

acetonitrile-water (1:1 v/v) compound 11 (10 μM) exhibited a strong fluorescence emission band at 

434 nm, in the fluorescence spectrum.  
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Figure 3.41 UV-visible absorption spectrum of 11 (30 µM) recorded in a CH3CN: H2O (1:1) 

3.7.3. SCREEING STUDY 



In order to show the interaction of compound 11 with various salts screening experiment was 

performed. Compound interaction with salts was done after 30 min shaking. Addition of mercury 

perchlorate into a 10 μM solution of 11 resulted in quenching in both the excitation and emission 

intensities at 350 nm and 434 nm, respectively, whereas other metals FeCl3, FeCl2, K2CO3, KI, 

MgCO3, NaNO3, NiCl2, Ni(NO3)2, CuCl2, CuCl, CuAc, FeSO4, Ba(ClO4)2 whereas Pb(ClO4)2 which 

shows peculiar behavior as compare to other drugs and Hg(ClO4)2 (Figure 3.42 & 3.43).  
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Figure 3.42 Fluorescence emission responses of 11 (10 μM) in the presence of different salts (10 

μM) 1:1. λ exci = 360 nm, λ emi = 434 nm, excitation and emission slit width was 10 and 5, 

respectively.  



200 300 400 500 600

0

1

2

3

4

A
b

so
rb

an
ce

Wavelength nm

Hg
+2

Ba
+2

, Cd
+2

, Cu
+2

,Cu
+
,

Na
+
,K

+
, Fe

+3
, Fe

+2
, 

Zn
+2

, Pb
+2

 and 11 only

 

Figure 3.43 UV-vis response of 11 (30 μM) in the presence of different salts (30 μM) in a 1:1 

3.7.4. CONCENTRATION STUDY 

Concentration was explored to determine the sensitivity range over which 11 can measure 

and detect Hg
+2

, a series of solutions were prepared in which the concentration of 11 was kept 

constant but the concentration of Hg(ClO4)2 was gradually decreased. Significant increase in the 

fluorescence intensity of 11 were observed when concentrations of Hg
+2

 was decreases from 10 μM 

to 0.05 μM were added as shown in figure 3.44. The fluorescence of each solution was measured and 

the resultant intensity is plotted against concentration of Hg
+2

 added which shows linear relationship 

from 10 to 6 μM with a limit of detection of Hg
+2

 was 0.05 μM and a regression coefficient of 0.907 

(Figure 3.45). 
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Figure 3.44 Fluorescence Spectra of 11 (10 μM) in the presence of different concentration of Hg
+2 

(0.005 μM - 10 μM) (λ exci = 360 nm, λ emi = 434 nm, excitation and emission slit 10 nm and 5 nm)  

 

Figure 3.45 Plot of PL intensity of 11 vs. concentration of Hg
+2

 at λ max 434 nm 

 

3.7.5. EFFECT OF pH ON THE PROBE 11 BEFORE AND AFTER TREATING WITH Hg
+2 



The effect of acidic and basic medium on compound 11 and 11-Hg
+2

 complex was studied. A 

study of the pH in the range from 2–12 with a concentration of 10 µM solution of 11 and Hg 

perchlorate was carried out (Figure 3.46 shows the absorption value at various pH at λmax 360 for 

compound 11 and 11-Hg
+2

 complex). An optimum pH is thus needed in fluorescence studies due to 

the association and disassociation of the 11-Hg
+2

 complex. The absorbance value of 11 increases as 

we goes from acidic to neutral pH medium, above that depression in absorbance was observed along 

with change in color from colorless solution to light yellow (Figure 3.47). It can be assumed that the 

nitrogen present get protonated at acidic medium which disturbed the electronic environment of 11 

hence destabilize it. Similarly increase in pH 8-12 also experiences electrostatic interaction with 

compound 11. The absorption values at various pH ranges in case of 11-Hg
+2 

complex shows 

maximum depression in absorption value at a pH 7-8, which shows the stability of the 11-Hg
+2 

complex. From pH study it was revealed that neutral medium is going to increase the interaction 

between compound 11 and Hg
+2

 complex, an increase and decrease can disturb their interaction. 

Therefore, an optimum pH of 7-8 was selected for spectral studies of 11. 

 

Figure 3.46 Plot of Absorbance verses pH for compound 11 and 11-Hg
+2

 (10 μM) 



 

Figure 3.47 Detectable change in color of chemosensor 11 at basic medium 

3.7.6. COMPETITIVE STUDY 

The competition experiments were performed by adding salts to the solution mixture of 

probe 11 (10 μM) and Hg perchlorate (10 μM) CH3CN:H2O (1:1, v/v). Salt solutions of FeCl3, 

MgCO3, NiCl2, CuCl2, CuCl, CaCl2, FeSO4, Ba(ClO4)2 and Pb(ClO4)2 having 10 μM concentration 

were used for this purpose. Results obtained yields emission bands at 434 nm. From the figure 3.48 

it was concluded that the selectivity of 11 for Hg
+2 

in the presence of other salts does not interfere 

with the quenching in fluorescence value of probe 11.  

 



Figure 3.48 PL response of 11 containing Hg
+2

 along with other salts in competitive study, 

CH3CN:H2O (1:1), buffer 7-8 

3.7.7. SUMMARY 

In summary, calixarene derivative 11, a fluorescent sensor shows excellent selectivity and 

sensitivity towards Hg
+2 

ions. Fluorescent sensor 11 showed high selectivity for Hg
+2

 over other 

metal ions with micromolar level detection limit that was sufficiently low for the detection of trace 

amounts of Hg
+2

 ion CH3CN:H2O (1:1), buffer 7-8. This study will be further explored for the 

detection of Hg
+2 

present in real water and biological systems.  

3.8. APPLICATION OF PYRAZINIUM THIOACETATE STABILIZED GOLD 

NANOPARTICLES (AYNPs); AS A CHEMOSENSOR FOR Fe
+3

 

3.8.1. PREPARATION OF SOLUTION 

The AYNPs (Pyrazinium thioacetate stabilized gold nanoparticles name as AYNPs) are 

synthesized by simple reduction of HAuCl4 via NaBH4 in the presence of the stabilizing agent (one 

phase method). It is the most widely used method for the synthesis of AYNPs due to its robustness 

and rapidity. Salt stock solutions already stored in refrigerator (1.0×10
-3 

M) of which 0.1mM of 

FeCl3, FeCl2, K2CO3, KI, MgCO3, NaNO3, NiCl2, Ni(NO3)2, CuCl2,CuCl, CuAc, FeSO4, Ba(ClO4)2, 

Pb(ClO4)2 and Hg(ClO4)2 were prepared by dissolving the appropriate amount of salt in water. UV-

vis spectroscopic study was performed using 4.0 mL cuvette. 

3.8.2. SENSING ACTIVITY OF THE AYNPs  

The optical sensitivity of AYNPs towards various salts was measured by mixing various salts 

solution (0.1 mM) one by one with 0.1 mM solution of AYNPs in a 1:1 mixture. The UV–vis spectra 



(Figure 3.49) of AYNPs were taken after 15 minutes of addition of salt solutions. Heterocyclic 

ligands are known to form complexes with Fe
+3

 ions as in heme, we explored the practicality of 

using pyrazinium stabilized AYNPs for the sensing of Fe
+3

 ions, through a mechanism based on the 

complexation of the Fe
+3 

ions in solution with the Nitrogen atom of the pyrazine. 
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Figure 3.49 UV-visible spectra of metal salts (0.1 mM) screening against AYNPs 

A significant decrease in absorption of SPR band was observed after the addition of Fe
+3 

ions to 

AYNPs, because of aggregation-induced quenching. The appearance of a quenched surface plasmon 

resonance band for Fe
+3

, indicates that sensitivity and selectivity of AYNPs towards Fe
+3 

ions.  

3.8.3. QUANTIFICATION PERFORMANCE OF THE NANOSENSOR 

 To demonstrate the sensitivity of nanosensor for the quantification of iron ions by the 

mechanism, UV-visible spectra of AYNPs in the presence of various concentrations of Fe
+3

 was 

recorded (Figure 3.50). It shows that there is a steep decrease in absorbance on increasing the 



concentration of Fe
+3

. The data exhibited a good linear correlation to iron concentration in the range 

from 1 to 100 μM. The R
2
 is 0.9813, while LOD and LOQ for Fe

+3
 ions were found to be 4.3 μM 

and 13.19 μM respectively. Since, The LOD of our detection system is lower than the maximum 

level (5.4 μM) of Fe
+3

 ions permitted in drinking water by the US Environmental Protection Agency, 

we hope that this method can be utilized as an alternative method for the detection of Fe
+3

 ions in 

drinking water. 
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Figure 3.50 Concentration study for AYNP with Fe
+3

 



 

Figure 3.51 Concentration study with the calibration curve 

3.8.4. EFFECT OF pH ON AYNPs BEFORE AND AFTER TREATMENT WITH Fe
+3 

For the stability of AYNPs in aqueous solution, pH medium needs to be optimized so that the 

background agglomeration can be minimized. The colloids were found to be at a pH of 8.4, the 

solution is slightly basic due to free pyrazine groups on the surface of gold.  The effect of pH on 

surface plasmon band was studied by varying pH 2 to 12. It is observed that the variation of pH did 

not affect the stability of AYNPs, but due to dilution a decrease in absorption of surface plasmon 

resonance band was observed. We further investigated the effect of pH on the optical response of the 

AYNPs to Fe
+3 

ions. In the presence of Fe
+3 

ions (100 μM), the colloids showed the highest 

absorbance at pH = 12, while the absorbance was quenched most at pH=2. Since interaction of the 

Fe
+3 

ions with AYNPs is influenced by solution pH, study of the pH effect is a critical step in the 

chemosensing study. The best pH conditions for interaction of Fe(III) ions with AYNPs was 

achieved around 2-3. Such a profile indicates, that for pH values lower and higher than 2-3 in 

accumulation step, the amount of accumulated iron ions on AYNPs was decreased, due to H
+
 

competition for functional groups of the surface, and OH
− 

for Fe
+3 

ions in solution (Figure 3.52). 



 

Figure 3.52 Buffer stability of AYNPs with and without iron 

 

3.8.5. INTERFERENCE STUDY 

For a practical detection system there must be a high selectivity and rapid response time to 

differentiate and recognize the target analyte among others potentially competing entities. Therefore, 

we test the specificity of AYNPs for Fe
+3

 ions over other metals ions, interference experiments of 

some common metal salts were carried out. The concentration of the interfering salts was kept same 

as that of FeCl3 (0.1 mM). As shown in Figure 3.53, in the presence of Fe
+3

 ions, no response is 

observed toward salts K2CO3, NaNO3, NaI, NiCl2, CuSO4, CuI, CuCl and SbCl3. Small shift in the 

plasmon band energy to longer wavelength is observed in the presence  of K2CO3 and CuCl, 

however, the responses are negligible compared with that of Fe
+3

. Hence figure 3.53 establishes that 

the chemosensor has relatively desirable selectivity. 



 

Figure 3.53 Effect of interfering metal salts on the Fe
+3

 sensing 

 

 

3.8.6. FTIR SPECTRAL ANALYSIS 

The FTIR spectrum of the thiolated AYNPs shows that, strong and broad band around 3500 

cm-1 is associated with the water in the medium as presented in figure 3.54. Whereas in the FTIR 

spectra of AYNPs treated with Fe
+3

 shows that there is no change in occurred between the two 

spectra, so it can be safely concluded that the mechanism of SPR quenching is not related to any 

kind of chemical transformation or detachment of the ligand from AYNPs. When ferric chloride is 

added to the AYNPs, Fe
+3

 ions interact with the pyrazine Nitrogen which are free at the surface of 

the AYNPs. 



 

Figure 3.54 Comparative IR spectra of AYNPs before and after treatment with FeCl3 

3.8.7. MORPHOLOGY OF AYNPs 

The morphological information of the AYNPs is obtained by AFM, and is displayed in figure 

3.56. It showed the presence of polydispersed and spherical particles with in the size range of 5.44-

54.4 nm. The average size of the nanoparticles obtained from size distribution curve was found to be 

29.39 nm (Figure 3.55). Hence, the applied reaction conditions do not give rise to size selectivity for 

the synthesis of AYNPs.  



 

Figure 3.55 Size distribution curve of AYNPs stabilized with ligand 2 

 

Figure 3.56 AFM image of AYNPs stabilized with ligand 2 

The AFM images (Figure 3.58) obtained after treatment of Fe
+3 

with AYNPs reveals that the 

AYNPs were aggregate in the presence of Fe
+3 

ions, resulting in the formation of huge complexes of 

size in the range of .0487-0.487 μm. The average size obtained from particle distribution curve was 

found to be 0.243 μm as shown in figure 3.57. The obtained behavior of AYNPs is very attractive for 

its application in optical sensing, since the shape of the nanoparticles is related to its optical 



properties and it justifies the instant decrease in SPR band of AYNPs was occurred due to 

aggregation resulting in increased in size. 

                                                          

Figure 3.57 Size distribution curve of AYNPs + Fe
+3

                                                   

Figure 3.58 AFM image of AYNPs+Fe
+3

 

 

 

 



3.8.8. RECOGNITION OF Fe(III) IN REAL SAMPLES 

 After optimizing the sensing conditions, we drew our attention towards testing the 

effectiveness of our detection system in the analysis of Fe
+3

 in real samples too. For this purpose, we 

selected human blood plasma taken from healthy human volunteer, which was used after standard 

pretreatment protocol, and tap water taken from Karachi University. Both of these samples were 

spiked with the 0.1 mM solution of FeCl3 before use. We observed the Fe
+3

 dependent quenching in 

the SPR band of AYNPs is not affected by the complex analyte samples and the nanosensor response 

is distinctive towards Fe
+3

 (Figure 3.59 & 3.60).  
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Figure 3.59 Fe(III) sensing in drinking water 
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Figure 3.60 Fe(III) sensing in human blood plasma 

3.8.9. SUMMARY 

In summary it can be concluded that the novel AYNPs were applied for selectively sensing 

Fe
+3

 on the basis of aggregation-induced absorbance quenching. The method is elegantly applicable 

over a wide range of pH (2-13) and concentrations (1-100 μM), while the LOD is fairly low (4.3 

μM). Importantly, the Fe
+3

 detection worked precisely well in the presence of many competing metal 

ions, as well as in tap water for drinking, and in physiologically important human plasma samples. 

This study essentially launches a simple way as an analytical platform for the selective detection of 

heavy metal ions, particularly in drinking water and clinical diagnostics. Further exploration of these 

simply prepared AYNPs probes in biological and clinical applications is currently under 

investigation. 



3.9. APPLICATION OF GOLD NANOPARTICLES C4-AuNPs AS A SENSOR FOR DRUG 

PEFLOXACIN 

.  

Figure 3.61 (1) Structure of Pefloxacin (1-Ethyl-6-fluoro-1,4-dihydro-7-(4-methyl-1-piperazinyl)-4-

oxo-3-quinolinecarboxylic acid) and (2) Structure of 2,2'-(1E)-(butane-1,4-diylbis(azan-1-yl-1-

ylidene))bis(methan-1-yl-1-ylidene)diphenol 

3.9.1. PREPARATION OF SOLUTIONS  

  De-ionized water was used in all experiments. All glass wares were thoroughly cleaned with 

aqua regia (HCl/HNO3 3:1) and rinsed with de-ionized water prior to use. The synthesis of C4-

AuNPs is already discussed in section 2.6.1.3.2. The stock solutions (1.0×10
-3 

M) for cefotoxime, 

amoxicillin, penicillin, 6APA, diclofenac, pefloxacin, ceftriaxone, cefaclore and paracetamole were 

also prepared which were further diluted as per to 50 μM. 

3.9.2. EVALUATION OF SUPRAMOLECULAR INTERACTIONS OF C4-AuNPs WITH 

DRUGS BY UV-VISIBLE SPECTROSCOPY  

  The supramolecular interactions of C4-AuNPs with various commonly used drugs (50 μM) 

such as cephradine, amoxicillin, penicillin, paracetamole, aspirin, diclofenac sodium, cefotoxime, 



ceftriaxone and pefloxacin in aqueous media and real water samples was evaluated with the help of 

UV–vis spectrophotometer. The selectivity of C4-AuNPs toward commonly used drugs which 

prevail in high concentrations in drinking water resources of Karachi, Pakistan was evaluated by 

recording absorption spectra of C4-AuNPs in the presence of these drugs like amoxicillin, penicillin, 

paracetamole, aspirin, diclofenac, cefaclore, diclofenac sodium, pefloxacin, ceftriaxone and 

cephradine. 

3.9.3. SCREENING STUDY 

The original absorption band of C4-AuNPs is centered at 526 nm but addition of pefloxacin 

caused red shift of the surface plasmon band of C4-AuNPs in UV-visible spectrum at longer 

wavelength (630 nm) which also corresponds to color change of C4-AuNPs in aqueous solutions. 

Figure 3.62 shows the UV-vis spectra of interaction of C4-AuNPs with these drugs. Mixing of 

pefloxacin to wine red solution of C4-AuNPs induced colorimetric change from wine red to purple 

to grey depending on pefloxacin concentration. This color change is associated to the red shifted 

absorption band of the functionalized gold nanoparticles upon aggregation which is also supported 

by Mie Theory [337]. Figure 3.63 shows the typical wine red and grey color of gold nanoparticles 

when dispersed in aqueous solution of drugs under investigation. It is believed that hydrogen 

bonding between phenol of C4-AuNPs and carboxylic acid of pefloxacin is responsible for the 

aggregation of nanoparticles. Furthermore hydrogen bonding between nitrogen of Schiff base and 

carboxylic acids of pefloxacin may also be partly responsible for the aggregation of the 

nanoparticles.  
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Figure 3.62 UV–vis spectra of C4-AuNPs in the presence of different drugs (50 μM)  

 

Figure 3.63 Photographs of naked eye sensor responses of C4-AuNPs in the presence of various 

drugs 
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Figure 3.64 A. UV-visible spectra of the solution of C4-AuNP (a) before and (b) after addition of 50 

μM solution of pef. B. Colorimetric change in C4-AuNPs by the addition of pef  

3.9.4. CONCENTRATION STUDY 

The degree of aggregation of C4-AuNPs depended on the concentration of pefloxacin added. 

The absorbance at 526 nm decreased with increasing pef concentration. After adding pef new band 

at 630 nm formed during titration as a result of the induced aggregation of C4-AuNPs caused by 

pefloxacin as shown in figure 3.65. A linear relationship was almost found when the concentration 

of pef was between 80 µM to 0.01 µM with a linear regression equation of y=0.0015x + 0.0373 with 

R
2 

= 0.9839. The LOD was calculated using the formula standard error we get 13.88 µM i.e. 

C4AuNPs can detect pef in this minimum concentration through UV-vis method (Figure 3.66). 

While the LOQ calculated was found to be 42.06 µM. 
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Figure 3.65 UV-vis spectra shows the surface plasmon resonance absorption change upon addition 

of different concentrations of pef (100 µM  0.01 µM) to C4AuNPs (50 µM) 

 

Figure 3.66 Quantitative determination of pef using C4-AuNPs (50 µM) 



 

Scheme 11 Pictorial representation of interaction of C4-AuNPs with pef, showing color 

change from win-red-to-grey 

3.9.5. THE INFLUENCE OF pH ON PEF-INDUCED AGGREGATION OF C4-AuNPs  

pH has pronounced effect on the aggregation of gold nanoparticles [338]. Thus, the effect of 

the pH was optimized with acetate buffer over the range from 2.0 to 12.0 with a fixed pefloxacin 

concentration (50 µM). A titration experiments between fixed optimized combinations of C4-AuNPs 

and pef was investigated by varying pH (Figure 3.67). The native pH of C4-AuNPs was found 4-5. It 

is evident from figure 3.66 that the absorbance ratio (A630/A526) of C4-AuNPs is low and constant 

in the pH range of 2–8, indicating that C4-AuNPs are stable in the pH range of 2–10. However when 

increase in pH value exceeds 8 then the absorbance ratio (A639/A526) of C4-AuNPs slightly 

increased. Under basic conditions (pH = 9-12), the hydroxyl ion on C4 resulted in the aggregation of 



AuNPs. Decline in the absorbance ratio (A630 nm/A526 nm) was observed at pH > 8 due to the 

formation of colloidal particles of C4-AuNPs + pef via hydrogen bonding. Therefore, the optimal pH 

range for detecting pef by C4-AuNPs is in pH range of 2–8.  

 

Figure 3.67 UV-vis spectra showing effect of pH on the C4-AuNPs, with and without the 

addition of pefloxacin 

3.9.6. INTERFERENCE   

The most important characteristic for a selective sensor is its ability to detect specific drugs 

in vicinity of other competing drugs. To obtain insight into the selective binding affinity of sensor 

C4-AuNPs with pefloxacin, the UV-vis titration experiment at fixed concentrations of pefloxacin 

against fixed concentration of C4-AuNPs was carried out. However, In order to investigate possible 

interference from other drugs we measured the absorbance intensity of C4-AuNPs in the presence of 

pefloxacin (50 µM) with 50 µM solution of various other commonly used drugs such as aspirin, 

amoxicillin, diclofenac, penicillin, cephradine, paracetamole, cefaclore, pefloxacin mesylate, 

ceftriaxone (Figure 3.68). Negligible changes in the absorbance intensity of C4-AuNPs were 

observed in the presence of other competing drugs. The SPR absorption shift caused by the mixture 



of pef with another drugs was similar to that caused by pef alone. This indicates that other drugs did 

not interfere in the binding ability of pef towards C4-AuNPs. This finding is consistent with previous 

studies, suggesting that pef is the only drug that can induce the aggregation of C4-AuNPs. 

Figure 3.68 Absorbance ratio (A630/A526) nm upon the addition of pefloxacin + C4-AuNPs for the 

selected drugs. The red bars represent C4-AuNPs + pef (50 μM) and blue bars represent C4-AuNPs 

+ pef (50 μM) + interfering drug (50 μ M) 

The FT-IR spectrum of C4 exhibited clear bands in the –O-H, =C-H, -C=N, C=C and -C-O 

stretching regions at 3355 cm
-1

, 2922 cm
-1

, 1635 cm
-1

,1435 cm
-1

 and 1004cm
-1

 respectively. After 

formation of C4-AuNPs, –O-H in the IR spectrum is completely disappears which shows hydroxyl 

group involved in the stabilization of gold nanoparticles. After mixing of pefloxacin in colloidal 

solution of C4-AuNPs, peak dislocation, broadening, distortion
 
and disappearance are evident due to 

supramolecular interaction of pefloxacin and C4-AuNPs. As shown in figure 3.69, stretching band 

arising due to –O-H, =C-H, and -C=N became weak, distorted and red shifted, also peak for -C=N 

completely disappear due to the interaction with the –COOH. 



 

Figure 3.69 FT-IR spectra of C4, C4-AuNPs and C4-AuNPs-Pef 

3.9.7. DETERMINATION OF PEFLOXACIN IN PHARMACEUTICAL AND HUMAN 

PLASMA SAMPLES 

To assess the practical applicability of our synthesized nanoparticle the present procedure for 

the simultaneous determination of pefloxacin in real samples, the potential interfering effects of 

some species frequently encountered in drug preparations and in human plasma were investigated. 

 

3.9.7.1. DETERMINATION OF PEFLOXACIN IN PHARMACEUTICAL TABLETS 

An attempt was made to determine pefloxacin concentration tablets containing pefloxacin as 

major ingredients. For this study tablet NEOFLOX (Pefloxacin mesylate dihydrate, 400 mg, 



Pharmix laboratories (Pvt) limited, Lahore, Pakistan) was used. One NEOFLOX tablet was ground 

into fine powder and then dissolved in deionized water in a ratio of 20mg/50mL (400 µg/mL) in a 

volumetric flask under constant shaking. Further diluted solution of approximately 100 µM, 50 µM 

concentrations were prepared from the stock solution and treated with C4-AuNPs in a 1:1 and 

monitored by UV-visible absorption spectrophotometer. It is ensemble from figure 3.70 that 

excipients are not interfering with photo physical character of nanoparticles.  
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Figure 3.70 UV-vis spectra of (a) C4-AuNPs (50 µM) + NEOFLOX (100 µM), (b) C4-AuNPs (50 

µM) + NEOFLOX (50 µM) (c) C4-AuNPs (d) C4-AuNPs + pefloxacin 

3.9.7.2. DETERMINATION OF PEFLOXACIN IN HUMAN BLOOD PLASMA SAMPLES 

In a final round of experiments the possible use of nanoparticles in the detection of 

pefloxacin in human plasma was examined. The plasma sample suitable for analysis was prepared 

by collecting blood in heparinized tube from healthy human volunteer after ethical approval from 



ethic committee of the center via venous puncture. The blood was subjected to centrifugation at 6000 

revolutions per minutes for ten minutes at room temperature to separate out plasma. Two separate 

stock solutions of 5 mL containing one mL human blood plasma, 2 mL of C4-AuNPs (50 μM) 

solution and 2 mL deionized water were collected. One solution was spiked with pefloxacin (100 

µM) and the other one was without pef. Figure 3.71 reveals that the ingredients of human plasma is 

not interfering in the photo physical properties of C4-AuNPs, however red shifted absorption band 

was observed after spiking of pefloxacin in human plasma. 
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Figure 3.71 UV-vis spectra of (a) C4-AuNPs + pefloxacin (b) C4-AuNPs + NEOFLOX (100 

μM) + blood plasma, (c) C4-AuNPs 

3.9.8. CONCLUSION 

Here in we have reported colorimetric and spectrophotometric method for the detection and 

quantification of pefloxacin. The pefloxacin induced aggregation of C4-AuNPs resulting in color 

change of win-red-to-grey which was also easily monitored via red shifted absorption band (526 nm 

to 630 nm) of C4-AuNPs. This assay exhibits remarkable selectivity for pefloxacin over other 



common prevailing drugs in the drinking water resources of Karachi with detection limit of 13.88 

μM. The optimal pH range for detection of pef with C4-AuNPs was determined to be 4 to 7. 

C4AuNP interaction with pefloxacin was fully characterized with AFM, FT-IR, UV–vis 

spectrophotometry. The nanoparticles were assumed as being a very good chemosensor for 

pefloxacin through supramolecular interactions. The analytical application C4-AuNPs for detection 

of pefloxacin in blood plasma and in tablet was explored. The developed method does not require 

sophisticated equipment‟s and potentially can be applied in field.  It is concluded that our developed 

method is fast, simple, selective and sensitive for detection of pefloxacin using unmodified C4-

AuNPs as a colorimetric probe.  

3.10. APPLICATION OF PYRAZINIUM THIOACETATE STABILIZED GOLD 

NANOPARTICLES AS A CHEMOSENSOR FOR Pd
+2

 

3.10.1. PREPARATION OF SOLUTION 

Salt stock solutions already stored in refrigerator (1.0×10
-3 

M) of which 0.1 mM of FeSO4, 

PdCl2, FeCl2, K2CO3, KI, MgCO3, Ba(ClO4)2, NaNO3, NiCl2, Ni(NO3)2, CuCl2,CuCl, CuAc, 

Pb(ClO4)2 and Hg(ClO4)2 were prepared by dissolving the appropriate amount of salt in water. UV-

visible spectroscopic study was performed using 4.0 mL cuvette. 

 

3.10.2. SENSING ACTIVITY OF THE AYNPs TOWARDS Pd
+2

  

The optical sensitivity of AYNPs towards various salts was measured by mixing various salts 

solution (0.1 mM) one by one with 0.1 mM solution of AYNPs in a 1:1 mixture. The UV–vis spectra 

of AYNPs were taken after 30 min of addition of salt solutions. Among all the mentioned salts only 



PdCl2 caused quenching in the SPR band of the AYNPs (Figure 3.72) along with a colorimetric 

change from win-red to grey which can be detectable with naked eye as shown in figure  3.73. 
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Figure 3.72 UV–vis spectra of AYNPs in the presence of different salts (100 μM)  

Figure 3.73 Visual detection of Pd
+2

 by AYNPs 

3.10.3. CONCENTRATION STUDY OF NANOSENSOR 

 The sensitivity of nanosensor for the quantification of palladium ions by the mechanism, 

UV-visible spectra of AYNPs in the presence of various concentrations of Pd
+2

 was recorded (Figure 

3.74). It shows that there is a steep decrease in absorbance on increasing the concentration of Pd
+2

. 

The data exhibited almost linear correlation to Palladium concentration in the range from 5 μM to 



100 μM. The regression constant (R
2
) is 0.9589 (Figure 3.75). The limit of detection (LOD) and the 

limit of quantification (LOQ) for Pd
+2

 ions was found to be 4.23 μM and 12.83 μM respectively. 
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Figure 3.74 UV-vis spectra shows the quenching of surface plasmon absorption band change upon 

addition of different concentrations of Pd
+2

 (100 µM  5 µM) to AYNPs (100 µM) 

 

Figure 3.75 Quantitative determination of Pd
+2

 using AYNPs (100 µM) 

3.10.4. EFFECT OF pH ON AYNPs BEFORE AND AFTER TREATMENT WITH Pd
+2 

The effect of pH on surface plasmon band was studied by varying pH 2 to 12. It is found 

from the figure 3.76, the variation of pH did not affect the stability of AYNPs, but due to dilution 



there is decrease in absorption of SPR band was observed. We further explored the effect of pH on 

the optical response of the AYNPs to Pd
+2 

ions. It is found that, In the presence of Pd
+2 

ions (100 

μM), the colloids showed almost same behavior at all pH medium. There is no prominent 

enhancement or quenching at any pH medium. Since the interaction of Pd
+2 

ions with AYNPs does 

not influenced by solution pH.  

 

Figure 3.76 UV-vis spectra showing effect of pH on the AYNPs, with and without the 

addition of Pd
+2

 λ max 525 nm 

3.10.5. INTERFERENCE STUDY 

For a practical detection system there must be a high selectivity and rapid response time to 

recognize and differentiate the target analyte among others potentially competing entities. Therefore, 

we test the specificity of AYNPs for Pd
+2

 ions over other metals ions, competitive experiments of 

some common metal salts were carried out. The concentration of the interfering salts was kept same 

as that of PdCl2 (100 μM). The presence of Pd
+2

 ions, AYNPs shows no response towards others 



salts like K2CO3, NaNO3, NaI, NiCl2, CuSO4, CuI, CuCl and SbCl3. Hence figure 3.77 establishes 

that the chemosensor has relatively desirable selectivity. 
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Figure 3.77 UV-vis responses of AYNPs containing Pd
+2 

ions along with other salts in 

competitive study 

3.10.6. MORPHOLOGY OF AYNPs AFTER TREATMENT WITH Pd
+2

 

 Particle size was determined by atomic force microscope. AFM images of AYNPs obtained 

after treatment with PdCl2, reveals that the AYNPs were aggregate in the presence of Pd
+2 

ions, 

resulting in the formation of big size particles and size found in the range of 24.9-249 nm. The 

average size of the particles as calculated from particle size distribution curve was found to be 

141.29 nm.  Atomic force micrograph of AYNPs is already in section 3.8.7. Atomic force 

micrograph and particle size distributions are reported in figure 3.78 & 3.79. The obtained behavior 

of AYNPs after treatment with Pd
+2 

ions is very attractive for its application in optical sensing, since 



the shape of the nanoparticles is related to its optical properties and it justifies the instant decrease in 

SPR band of AYNPs was occurred due to aggregation resulting increase in size of AYNPs. 

 

Figure 3.78 Size distribution curve of AYNPs + Pd
+2 

 

Figure 3.79 AFM image of AYNPs + Pd
+2 

3.10.7. SUMMARY 



In summary it can be concluded that the novel AYNPs were applied for selectively sensing 

Pd
+2

 on the basis of aggregation-induced quenching in absorbance. The method is elegantly 

applicable over a wide range of pH (2-12) and concentrations (5 μM -100 μM). Importantly, the Pd
+2

 

detections worked well in the presence of many other interfering metal ions. The LOD and the LOQ 

for Pd
+2

 ions were found to be 4.23 μM and 12.83 μM, respectively. This study essentially launches a 

simple way as an analytical platform for the selective detection of heavy metal. Further exploration of 

these AYNPs probes in biological and clinical applications is currently under investigation. 

3.11. APPLICATION OF TRIAZOLE BASED COMPOUND IN SENSING PEFLOXACIN 

(PFM) 

3.11.1. RECEPTOR 5: 

 diethyl 2,2'-(2,2'-((2,2'-(4,4'-(((((methylenebis(2-((1-(2-((4-(2-ethoxy-2-oxoethyl)thiazol-2-

yl)amino)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)methoxy)-5-methyl-3,1-

phenylene))bis(methylene))bis(4-methyl-2,1-phenylene))bis(oxy))bis(methylene))bis(1H-1,2,3-

triazole-4,1-diyl))bis(acetyl))bis(azanediyl))bis(thiazole-4,2-diyl))diacetate 

 



 

3.11.2. GENERAL EXPERIMENTAL INFORMATION 

Fluorescence spectra were taken by using Perkin Elmer LS55 spectrophotometer with a path 

length of 1 cm. Analytical grade solvents and reagents were of used without further purification. 

3.11.3. GENERAL PROCEDURE FOR FLUORESCENCE MEASUREMENTS 

All the fluorescence measurements were carried out by using 10 µM concentration of 

receptor 5 and drugs solution of cephradine, amoxicillin, penicillin, paracetamole, aspirin, diclofenac 

sodium, cefotoxime, ceftriaxone and pefloxacin mesylate in DMSO:H2O (1:1) solution. Our approach 

is new and cheap for determination of drugs in water samples. The efforts made to evaluate and 

explore the qualitative, quantitative analytical screening and complex formation capability of 

receptor 5 is discussed below. 

3.11.4. STUDY OF COMPLEXATION BEHAVIOR OF RECEPTOR 5 WITH VARIOUS 

METAL IONS 

Fluorescence measurements were used to explore applicability of receptor 5 as a 

chemosensor. For this purpose, compound 5 was examined to evaluate drugs binding affinity toward 

the cephradine, amoxicillin, penicillin, paracetamole, aspirin, diclofenac sodium, cefotoxime, 

ceftriaxone and pefloxacin mesylate (PFM). All complexation experiments were carried out at 1:1 

ratio of receptor 5 and drugs each 10 µM in DMSO: H2O (1:1). On addition of PFM, good 

complexation behavior of 5 has been observed (Figures 3.80 & 3.81). In comparison to other drugs, 

chelation enhanced quenching was observed in the fluorescence intensity of receptor 5. 
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Figure 3.80 Changes in fluorescence intensity of receptor 5 (10 μM) upon addition of a particular 

drugs of interest (10 μM) in DMSO: H2O (1:1) λ exci = 260 nm, λ emi = 350 nm) 

300 320 340 360 380 400

0

150

300

450

600

In
te

n
s
it

y
 (

a
.u

)

Wavelenght (nm)

(a)Diclofenac Na

(b)Receptor 5,aspirin,ceftriaxone,

cefaclore,cephradine,amoxcilline,

cefotoxime,penicilline,

paracetamole,

(c)Pefloxacine mesylate

a

c

b

 

Figure 3.81 Changes in fluorescence intensity of receptor 5 (10 μM) upon addition of a particular 

drugs of interest (10 μM) in DMSO: H2O (1:1) (λ exci = 260 nm, λ emi = 350 nm) 



3.11.5. QUANTITATIVE ESTIMATION OF PEFLOXACIN USING RECEPTOR 5 

The concentration effect with the addition of increasing amounts of PFM was examined. 

Fluorescence emission and excitation spectra of receptor 5 upon addition of increasing amounts of 

PFM from 0 μM to 10 μM resulted in decrease in the PL intensity of peak at 260 nm and 350 nm 

respectively (Figure 3.82 & 3.84). The PFM obeyed Beer‟s law from 0 μM -10 μM concentration 

with R
2 

= 0.9709 and R
2
= 0.9857 (Figure 3.82 & 3.85).  

  

Figure 3.82 Fluorescence spectra of receptor 5 (10 μM) upon successive addition of PFM (0 -10 μM) 

in DMSO: H2O (1:1), (λ exci = 260 nm, λ emi = 350 nm) 
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Figure 3.83 Quantitative estimation of PFM by receptor 5 at λ exci = 260 nm 
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Figure 3.84 Fluorescence spectra of receptor 5 (10 μM) upon successive addition of PFM (0-10 μM) 

in DMSO: H2O (1:1), (λ exci = 260 nm, λ emi = 350 nm) 



 

Figure 3.85 Quantitative estimation of PFM by receptor 5 at λ emi = 350 nm 

3.11.6. INTERFERENCE OF OTHER METAL IONS ON COMPLEXATION BEHAVIOR 

OF RECEPTOR 5 AND PFM 

To test the practical ability of 5 as a PFM selective chemosensor, competitive experiments 

were carried out in the presence of PFM (10 μM) mixed with drugs solution of cephradine, 

amoxicillin, penicillin, paracetamole, aspirin, diclofenac sodium, cefotoxime and ceftriaxone (each 

10 μM). However, no significant variation in intensity of 5-PFM complex after addition of 

interfering drugs was observed at 350 nm except penicillin and diclofenac Na which interfere with 

the detection of PFM, i.e. the intensity for the 5-PFM system increased significantly from 100 to 150 

(Figure 3.86). 

 



 

Figure 3.86 Fluorescence intensities of receptor 5: PFM (10 μM each) pH = 7.0, containing DMSO: 

H2O 1:1 at λ emi = 350 nm upon addition of various drugs   

3.11.7. pH EFFECT ON THE COMPLEXATION BEHAVIOR OF RECEPTOR 5 and PFM 

The effect of pH on the intensity of receptor 5 was studied by varying pH 2 to 12. It is 

observed that the variation of pH affect the stability of receptor 5. The receptor 5 shows highest 

intensity at pH 3.  AN increase in pH from acidic to basic medium the intensity of receptor does 

decrease as observed from the figure 3.87. A titration experiments between fixed combinations of 

receptor and PFM was investigated by varying pH 2-12 (Figure 3.87). In the presence of PFM (10 

μM), the complex showed maximum quenching in intensity at pH 6-8. However when increase / 

decrease in pH can affect the quenching behavior of receptor 5 in the presence of PFM. Therefore, 

the optimal pH range for detecting PFM by receptor 5 is in pH range of 6–8.  



 

Figure 3.87 Fluorescence intensity (260 nm) of free Receptor 5 (10 μM) and Receptor 5 + 

PFM (pH = 7.0) containing DMSO: H2O (1:1) at different pH conditions 

3.11.8. CONCLUSION 

The qualitative and quantitative sensing ability of triazole based compound receptor 5 has 

been explored in this work. We have find out that ligand 5 has great efficiency to act as a selective 

chemosensor toward drug pefloxacin mesylate (PFM) using fluorescence spectrophotometry. Besides 

this, the interfering effect of eight other drugs i.e. cephradine, amoxicillin, penicillin, paracetamole, 

aspirin, diclofenac sodium, cefotoxime and ceftriaxone on sensing ability of 5 has also been 

exploited. Only penicillin and diclofenac showed interference behavior.  

3.12. CONCLUSION OF DESSERTATION 

The supramolecular interactions of 10 with cephradine led to enhancement in fluorescence 

of 10, which is further supported by ESI-MS data. The molecular tweezer 10, showed excellent 

binding for cephradine over other interfering drugs. The biphenyl-based chemosensor 10 operates 



well at a neutral pH of 7.7, which can be effective in biological systems and also for the detection 

and quantification of cephradine in waste water from pharmaceutical industries and hospitals.  

The calixarene derivative 11, a fluorescent sensor shows excellent selectivity and sensitivity 

towards Hg
+2 

ions. Fluorescent sensor 11 showed high selectivity for Hg
+2

 over other metal ions with 

micromolar level detection, LOD for Hg
+2

 was found 0.05 μM and a regression coefficient of 0.907, 

that was sufficiently low for the detection of trace amounts of Hg
+2

 ion CH3CN:H2O (1:1), buffer 7-

8. This study will be further explored for the detection of Hg
+2 

present in real water and biological 

systems.  

A pyrazinium thioacetate stabilized gold nanoparticles were applied for selectively sensing 

Fe
+3

 and Pd
+2

 ions on the basis of aggregation-induced quenching in absorbance. The method was 

elegantly applicable over a wide range of pH (2-13). Importantly, the Fe
+3

 and Pd
+2

 detection by 

gold nanoparticles worked precisely well in the presence of many competing metals. Fe
+3

 detections 

by using gold nanoparticles were also tested in tap water for drinking, and in physiologically 

important human plasma samples. The regression constant (R
2
) calculated for Fe

+3
 was 0.9813, 

while the limit of detection (LOD) and the limit of quantification (LOQ) for Fe
+3

 ions was found to 

be 4.3 μM and 13.19 μM respectively. Since, The LOD of our detection system is lower than the 

maximum level (5.4 μM) of Fe
+3

 ions permitted in drinking water by the US Environmental 

Protection Agency. Colorimetric detection of Pd
+2

 ions using gold nanoparticles exhibited almost 

linear correlation to Palladium concentration in the range from 5 μM to 100 μM. The LOD and LOQ 

for Pd
+2

 ions were found to be 4.23 μM and 12.83 μM respectively. Pd
+2

 detections worked well in 

the presence of many other interfering metal ions. This study essentially launches a simple way as an 

analytical platform for the selective detection of heavy metal ions, particularly in drinking water and 



clinical diagnostics. Further exploration of these simply prepared pyrazinium thioacetate stabilized 

gold nanoparticles probes in biological and clinical applications is currently under investigation. 

Another colorimetric and spectrophotometric method for the detection and quantification of 

pefloxacin was performed. The pefloxacin induced aggregation of C4-AuNPs (Schiff base 

stabilized gold nanoparticles) resulting in color change of win-red-to-grey which was easily 

monitored via red shifted absorption band (526 nm to 630 nm) of C4-AuNPs. This assay exhibits 

remarkable selectivity for pefloxacin over other common prevailing drugs. . A linear regression 

equation of y=0.0015x + 0.0373 with R
2 

= 0.9839 was found. LOD was calculated and found 13.88 

µM i.e. C4AuNPs can detect pef in this minimum concentration through UV-vis method. The 

optimal pH range for detection of pef with C4-AuNPs was determined to be 4 to 7. C4AuNP 

interaction with pefloxacin was fully characterized with AFM, FT-IR, UV–vis spectrophotometry. 

The nanoparticles were assumed as being a very good chemosensor for pefloxacin through 

supramolecular interactions. The analytical application C4-AuNPs for detection of pefloxacin in 

blood plasma and in tablet was explored. The developed method does not require sophisticated 

equipment‟s and potentially can be applied in field.  It is concluded that our developed method is 

fast, simple, selective and sensitive for detection of pefloxacin using unmodified C4-AuNPs as a 

colorimetric prob.  

The qualitative and quantitative sensing ability of triazole-based compound receptor 5 has 

been explored. We have find out that ligand 5 has great efficiency to act as a selective chemosensor 

toward drug pefloxacin mesylate (PFM) using fluorescence spectrophotometry. Besides this, the 

interfering effect of eight other drugs, i.e. cephradine, amoxicillin, penicillin, paracetamole, aspirin, 

diclofenac sodium, cefotoxime and ceftriaxone on sensing ability of 5 has also been exploited. Only 

penicillin and diclofenac showed interference behavior.   
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