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ABSTRACT 

 
 

 Coordination chemistry is an ever-expanding subject where new 

and exciting applications in various fields are being discovered regularly. 

Since Schiff bases are the fundamental building blocks of biological systems, 

they gain greater significance. Schiff bases have played a special role as 

chelating ligands in main group and transition metal coordination chemistry 

due to their stability under a variety of oxidative and reductive conditions. 

They are prepared by the condensation of primary amino compounds with 

active carbonyl groups. The azomethine group present in Schiff bases makes 

it important both chemically and biologically. The Schiff base complexes 

with metal ions show a wide range of applications in fields like biological, 

inorganic and analytical chemistry. The Schiff base complexes derived from 

amino acids find wide range of activities in antimicrobial, DNA binding and 

corrosion inhibition and are used widely as pharmaceutical agents, nonlinear 

optical materials, luminescent materials, sensors and catalysts. 

 The huge augmentation in the mortality rate allied with infectious 

diseases in the human race is directly related to microbes that exhibit multiple 

resistances to antibiotics. It is noted that one of the major rationalization for 

the soaring transience is due to the deficiency of effective treatments, leading 

to increasing number of patients at risk. Hence, the progressive development 

of new antimicrobial agents with novel and more efficient mechanisms of 

action is undeniably an urgent medical need. Schiff bases have been pointing 

to us as promising antimicrobial agents and it is an established fact that 

deoxyribonucleic acid (DNA) plays an imperative role in the life process. 

However, DNA molecules are prone to be damaged under assorted conditions 
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like interactions with some molecules. This enormous damage may cause 

diverse pathological changes in living organisms. The DNA binding study of 

Schiff base complexes is of interest for both therapeutic and scientific reasons 

which can lead to better understanding of the drug–metal ion interactions. 

Prevention of corrosion on aluminium in HCl has been a subject of numerous 

studies due to their high technological value and wide range of industrial and 

house hold applications since it is the second largest used materials next to 

iron. Several inhibitors have been used to control the corrosion of aluminium. 

Schiff base ligands can serve as very good corrosion inhibitors in this regard. 

 Schiff bases derived from amino acids have gained importance due 

to their physiological and pharmacological activities. A thorough study of 

literature evidenced that the works carried out by using isatin and amino acids 

are few, particularly very few reports are in Schiff bases derived from isatin 

and aspartic acid, methionine and thiosemicarbazide. Isatin and its derivatives 

have shown a wide range of biological activities such as antibacterial, 

antifungal, anticonvulsant, anti HIV, anticancer and enzyme inhibitors.  

 Hence in this present work, focus is on synthesising new Schiff 

base ligands and their transition metal complexes. In detail, three Schiff  

base ligands, viz. Isatin-Aspartic acid, Isatin-Methionine and Isatin-

Thiosemicarbazide, and their complexes with Co(II),Ni(II),Cu(II) and Zn(II) 

have been synthesised and characterized by elemental analysis, magnetic 

susceptibility study, molar conductance measurement, spectral techniques 

(FT-IR,UV-Vis,13CNMR,ESR, Emission spectra, XRD, electrochemical and 

thermal studies). The experimentally obtained elemental analytical data agree 

the theoretically calculated values. The ligands bind the metal ions in a 

tetradentate mode. The formation of Schiff base ligands, and their Co(II), 

Ni(II), Cu(II) and Zn(II) complexes have been confirmed by FT-IR spectra 

and 13CNMR spectra. The structure of the complexes is determined by 
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magnetic susceptibility study, ESR spectra and electronic spectra. The molar 

conductance values reveal that they are electrically neutral. The TG/DTG 

analysis indicates that both the ligands and the metal complexes have good 

thermal stability. Fluorescence properties of the ligands and the complexes 

have been studied by Emission spectroscopy. The crystalline nature of the 

ligands and their copper (II) complex has been determined by powder XRD 

analysis. The Cyclic Voltammetry studies of the complexes suggest metal 

centered electro activity in the potential range. The results obtained from all 

the characterization techniques have evidently established the formation of 

Schiff base ligands and their complexes. Accordingly, four coordinated 

square planar geometry for Co(II),Ni(II) and Cu(II) complexes and tetrahedral 

geometry for Zn(II) complex is proposed. 

 All the synthesised metal complexes were biologically active and 

showed good antimicrobial activity. A comparative study of the MIC values 

of the ligand and the Co(II),Ni(II),Cu(II) and Zn(II) complexes clearly shows 

that Zn(II) complex exhibits higher antimicrobial activity than the free ligand. 

The inhibition efficiency of Schiff base ligands have been confirmed by 

taking the optical image of aluminium sheet and acid treated aluminium sheet 

with inhibitor and without inhibitor which clearly proves that the synthesised 

ligands are very good corrosion inhibitors. The DNA binding studies reveals 

that all the complexes show hypochromism with a slight red shift in the 

presence of DNA. 
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1.1 SCHIFF BASES 

 The discovery of Sc

(Schiff 1864), has caused tremendous growth in the field 

chemistry. The Schiff bases contain azomethine group (

general formula R1R2

aryl) and R2 may be an alkyl/aryl group or hydrogen. They are also known as 

anils or imines. Schiff bases are formed by the condensation (nucleophilic 

addition followed by dehydration) of a primary amine with an active carbonyl 

compound as depicted in Figure 1.1. 

Figure 1.1 Schematic representation of prep

 The Schiff bases derived from aliphatic amino/carbonyl compounds 

may decompose or polymerise easily due to their instability 

1967). However, the Schiff bases prepared from aromatic amino/carbonyl 

compounds are stable due to effective conjugation. Generally, Schiff bases are 

crystalline and feebly basic in nature. The colour of Schiff bases is mainly due 
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SCHIFF BASES  

The discovery of Schiff base, named after its inventor Hugo Schiff 

, has caused tremendous growth in the field of coordination 

chemistry. The Schiff bases contain azomethine group (-C=N). They have the 

2C=NR3, where R1 and R3 are organic groups (alkyl or 

may be an alkyl/aryl group or hydrogen. They are also known as 

Schiff bases are formed by the condensation (nucleophilic 

addition followed by dehydration) of a primary amine with an active carbonyl 

compound as depicted in Figure 1.1.  

(Source: http://chemwiki.ucdavis.edu)  

Figure 1.1 Schematic representation of preparation of Schiff bases 

The Schiff bases derived from aliphatic amino/carbonyl compounds 

may decompose or polymerise easily due to their instability 

. However, the Schiff bases prepared from aromatic amino/carbonyl 

compounds are stable due to effective conjugation. Generally, Schiff bases are 

feebly basic in nature. The colour of Schiff bases is mainly due 
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compounds are stable due to effective conjugation. Generally, Schiff bases are 

feebly basic in nature. The colour of Schiff bases is mainly due 



 

to its azomethine group and the colour changes by the introduction of other 

auxochrome groups. 

 Schiff base ligands are considered as privileged ligands 

2004). The presence of a lone pair of electrons in the sp

nitrogen of the azomethine group makes them chemically and biologically 

significant (De Clercq 

able to stabilise many different metals in various oxidation states, controlling 

the performance of metals in a large variety of useful catalytic 

transformations. Versatility of Schiff base ligands and biological, analytical 

and industrial applications of their complexes make further investigations in 

this area highly desirable.                              

1.1.1 Preparation and 

 Condensation of carbonyl compound and primary amines leads to 

the formation of Schiff bases. For example the synthesis of Schiff base 

ligands from isatin and different amino acids are shown in Figure 1.2. The 

common solvents used for the preparation of the Sch

ethanol. The presence of dehydrating agents normally favours the formation 

of Schiff bases. Magnesium sulphate is commonly employed as a dehydrating 

agent. The water produced in the reaction can also be removed from the 

equilibrium using the Dean Stark apparatus, when conducting the synthesis in 

toluene or benzene. Isatin and amino acids can be condensed in 1:1 ratio to 

form potentially bi-, tri

the Schiff bases can occur durin

Schiff bases on silica gel can cause some degree of decomposition of the 

Schiff bases through hydrolysis. In such cases, it is better to puri

base by crystallisation. If the Schiff bases are insoluble

cyclohexane, they can be purified by stirring the crude reaction mixture in 

to its azomethine group and the colour changes by the introduction of other 

Schiff base ligands are considered as privileged ligands 

. The presence of a lone pair of electrons in the sp2 hybridis

nitrogen of the azomethine group makes them chemically and biologically 

De Clercq &Verpoort 2002,Yamada et al. 1967). S

e many different metals in various oxidation states, controlling 

the performance of metals in a large variety of useful catalytic 

ations. Versatility of Schiff base ligands and biological, analytical 

and industrial applications of their complexes make further investigations in 

this area highly desirable.                               

Preparation and Purification of Schiff Bases 

ensation of carbonyl compound and primary amines leads to 

the formation of Schiff bases. For example the synthesis of Schiff base 

ligands from isatin and different amino acids are shown in Figure 1.2. The 

common solvents used for the preparation of the Schif f base are methanol or 

he presence of dehydrating agents normally favours the formation 

of Schiff bases. Magnesium sulphate is commonly employed as a dehydrating 

agent. The water produced in the reaction can also be removed from the 

using the Dean Stark apparatus, when conducting the synthesis in 

toluene or benzene. Isatin and amino acids can be condensed in 1:1 ratio to 

, tri- and tetra- dentate Schiff base ligands. Degradation of 

the Schiff bases can occur during the purification step. Chromatography of 

Schiff bases on silica gel can cause some degree of decomposition of the 

Schiff bases through hydrolysis. In such cases, it is better to puri

ation. If the Schiff bases are insoluble 

cyclohexane, they can be purified by stirring the crude reaction mixture in 
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these solvents; sometimes a small portion of a more polar solvent (diethyl 

ether, dichloromethane) is added to eliminate impurities.

H
N

O

Figure 1.2 Formation of Schiff base from Isatin

1.1.2  Applications of Schiff bases

 Aromatic Schiff bases have a wide variety of applications in many 

significant fields like biological, inorganic and analytical chemistry

Cimerman et al. 2000, 

electrochemical sensors as well as in various chromatographic methods to 

enable detection of enhanced selectivity a

Castro 1994,Spichiger

possess excellent characteristics, structural similarities with

substances, relatively simple preparation procedures 

flexibility that enables design of suitable structural properties 

Jungreis &Thabet 1969

using reactions of condensation of primary amines and carbonyl compounds 

in which the azomethine bond is formed (determination of compounds with 

an amino or carbonyl group); using complex formation reactions 

(determination of amines,

the variation in their spectroscopic characteristics following changes in pH 

and solvent (Metzler 

coordination chemistry as they easily form stable complexes with most 

transition metal ions 

synthesis, Schiff base reactions are useful in making carbon

these solvents; sometimes a small portion of a more polar solvent (diethyl 

ether, dichloromethane) is added to eliminate impurities. 

O

+

H2N OH

O

HO

O -H2O
HO

O

Figure 1.2 Formation of Schiff base from Isatin

Applications of Schiff bases 

Aromatic Schiff bases have a wide variety of applications in many 

significant fields like biological, inorganic and analytical chemistry

, Elmali et al. 2000). Schiff bases are used in optical and 

electrochemical sensors as well as in various chromatographic methods to 

enable detection of enhanced selectivity and sensitivity (Valcárcel 

Spichiger-Keller 2008,Lawrence &Frei 2000). Schiff bases 

possess excellent characteristics, structural similarities with natural biological 

relatively simple preparation procedures and the synthetic 

flexibility that enables design of suitable structural properties 

Thabet 1969). Schiff bases are used for analytical determination 

using reactions of condensation of primary amines and carbonyl compounds 

in which the azomethine bond is formed (determination of compounds with 

an amino or carbonyl group); using complex formation reactions 

(determination of amines, carbonyl compounds and metal ions); or utili

the variation in their spectroscopic characteristics following changes in pH 

Metzler et al. 1980). Schiff bases play important roles in 

coordination chemistry as they easily form stable complexes with most 

transition metal ions (Spinu et al. 2008, Clarke et al. 1998

synthesis, Schiff base reactions are useful in making carbon-nitrogen bonds. 

3 

 

these solvents; sometimes a small portion of a more polar solvent (diethyl 

H
N

O

N

OH

O

 

Figure 1.2 Formation of Schiff base from Isatin 

Aromatic Schiff bases have a wide variety of applications in many 

significant fields like biological, inorganic and analytical chemistry(Gunde-

. Schiff bases are used in optical and 

electrochemical sensors as well as in various chromatographic methods to 

Valcárcel & De 

. Schiff bases 

natural biological 

and the synthetic 

flexibility that enables design of suitable structural properties (Patai 1970, 

alytical determination 

using reactions of condensation of primary amines and carbonyl compounds 

in which the azomethine bond is formed (determination of compounds with 

an amino or carbonyl group); using complex formation reactions 

carbonyl compounds and metal ions); or utilising 

the variation in their spectroscopic characteristics following changes in pH 

. Schiff bases play important roles in 

coordination chemistry as they easily form stable complexes with most 

1998). In organic 

nitrogen bonds.  



 

1.1.3 Biological Importance 

 Schiff bases appear to

enzymatic  reactions involving interaction of the amino group of an enzyme, 

usually that of a lysine residue, with a carbonyl group of the substrate 

(Lehninger 1975). Stereochemical investigations 

with the aid of molecular models showed th

methyl glyoxal and the amino group of the lysine side chains of proteins can 

bend back in such a way towards the N atom of peptide groups that a charge 

transfer can occur between these groups and the oxygen atoms of the Schif

bases. Schiff bases derived from pyridoxal (the active form of vitamin B6) 

and amino acids are considered as very important ligands from biological 

point of view. Schiff bases are involved as intermediates in the processes of 

non-enzymatic glycosylations

they are remarkably accelerated in pathogeneses caused by stress, excess of 

metal ions or diseases such as diabetes, Alzheimer’s disease, and 

atherosclerosis. Non-enzymatic glycosylation begins with an attack o

carbonyls or lipid peroxydation fragments on amino groups of proteins, 

aminophospholipids and nucleic acid, causing tissue damages by numerous 

oxidative rearrangements. One of the consequences is cataract of lens proteins 

(McKee et al. 1996). Many biologically important Schiff bases have been 

reported in the literature possessing antimicrobial, antibacterial, antifungal, 

anti-inflammatory, anticonvulsan

et al. 2000,Singh et al.

Another important role of Schiff base structure is in transamination 

et al. 1996). Transamination reactions are catalyzed by a class of enzymes 

called transaminases. Transaminases are found in mi

eukaryotic cells. All the transaminases appear to have the same prosthetic 

group, i.e., pyridoxal phosphate, which is covalently attached to them via an 

imino group. Schiff base formation is also involved in the chemistry of visio

Importance of Schiff Bases 

Schiff bases appear to be significant intermediates in a number of 

enzymatic  reactions involving interaction of the amino group of an enzyme, 

usually that of a lysine residue, with a carbonyl group of the substrate 

. Stereochemical investigations (Otto et al. 1978

with the aid of molecular models showed that Schiff bases formed between 

methyl glyoxal and the amino group of the lysine side chains of proteins can 

bend back in such a way towards the N atom of peptide groups that a charge 

transfer can occur between these groups and the oxygen atoms of the Schif

bases. Schiff bases derived from pyridoxal (the active form of vitamin B6) 

and amino acids are considered as very important ligands from biological 

point of view. Schiff bases are involved as intermediates in the processes of 

enzymatic glycosylations. These processes are normal during aging but 

they are remarkably accelerated in pathogeneses caused by stress, excess of 

metal ions or diseases such as diabetes, Alzheimer’s disease, and 

enzymatic glycosylation begins with an attack o

carbonyls or lipid peroxydation fragments on amino groups of proteins, 

aminophospholipids and nucleic acid, causing tissue damages by numerous 

oxidative rearrangements. One of the consequences is cataract of lens proteins 

. Many biologically important Schiff bases have been 

reported in the literature possessing antimicrobial, antibacterial, antifungal, 

inflammatory, anticonvulsant, antitumor and anti HIV activities 

et al. 2006,Turan‐Zitouni et al. 2007,Tarafder 

Another important role of Schiff base structure is in transamination 

. Transamination reactions are catalyzed by a class of enzymes 

called transaminases. Transaminases are found in mitochondria and cytosal of 

eukaryotic cells. All the transaminases appear to have the same prosthetic 

group, i.e., pyridoxal phosphate, which is covalently attached to them via an 

imino group. Schiff base formation is also involved in the chemistry of visio
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where the reaction occurs between the aldehyde function of 11

amino group of the protein (opsin) 

porphyrin for which glycine is a precursor is another important pathway 

which involves the intermediate formation of Schiff b

of one molecule of d

residue of an enzyme. 

1.2 SCHIFF BASE METAL COMPLEXES

 Transition metals are known to form Schiff base complexes and 

Schiff bases have often been used as chelating l

coordination chemistry. Their metal complexes have been of great interest for 

many years. It is well known that N and S atoms play a key role in the 

coordination of metals at the active sites of numerous metallobiomolecules 

(Brown et al. 1990). Schiff base metal complexes have been widely studied 

because they have industrial, antifungal, antibacterial, anticancer, antiviral 

and herbicidal applications 

&Sangeetika 2004). Chelating ligands containing N, S and O donor at

show broad biological activity and are of special interest because of the 

variety of ways in which they are bonded to metal ions. They serve as models 

for biologically important species and find applications in biomimetic 

catalytic reactions. The exist

compounds may enhance their activities 

2004,Yildiz-Oren et al.

1.3 APPLICATIO

COMPLEXES

 The Schiff base complexes do have a number of applications which 

are briefly discussed in this section.

where the reaction occurs between the aldehyde function of 11-

amino group of the protein (opsin) (Sugihara et al. 2002). The biosynthesis of 

porphyrin for which glycine is a precursor is another important pathway 

which involves the intermediate formation of Schiff base between keto group 

of one molecule of d-aminolevulinic acid and the amino group of lysine 

residue of an enzyme.  

BASE METAL COMPLEXES  

Transition metals are known to form Schiff base complexes and 

Schiff bases have often been used as chelating ligands in the field of 

coordination chemistry. Their metal complexes have been of great interest for 

many years. It is well known that N and S atoms play a key role in the 

coordination of metals at the active sites of numerous metallobiomolecules 

. Schiff base metal complexes have been widely studied 

because they have industrial, antifungal, antibacterial, anticancer, antiviral 

and herbicidal applications (Singh et al. 2007,Cozzi 2004

. Chelating ligands containing N, S and O donor at

show broad biological activity and are of special interest because of the 

variety of ways in which they are bonded to metal ions. They serve as models 

for biologically important species and find applications in biomimetic 

catalytic reactions. The existence of metal ions bonded to biologically active 

compounds may enhance their activities (Ferrari et al. 1999,Canpolat 

et al. 2004).  

APPLICATIO NS OF SCHIFF BASE TRANSITION METAL 

COMPLEXES 

The Schiff base complexes do have a number of applications which 

are briefly discussed in this section. 
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Cozzi 2004,Chandra 
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1.3.1  Medicinal Chemistry

 Many Schiff bases are known to be medicinally important and used 

to design medicinal compounds. It was seen that the biological activity of 

Schiff bases either increase or decrease upon chelation with metal ions 

(Collman et al. 1987,Di Bella 

 Cobalt(II), Nickel(II

show potent antibacterial activity against Escherichia Coli, Staphylococcus 

aureus and Klebsiella saprophiticus. 

 It is well known that some drugs have higher activity when 

administered as metal complexes than a

characterised by the 

mechanism of transamination and rasemination reaction in biological system. 

The mode of action of these drugs is to interfere with microbial metabolis

thereby producing a static or cidal effect on the micro

producing a like effect in host cells

1.3.2  Electroluminescent 

              Organic electroliuminescent (EL) devices are useful in novel

flat-panel displays since

organic EL devices (Tang 

employing a multilayer device structure containing an emitting layer and a 

carrier transport layer

metal complexes and polymers are three major categories of materials used in 

the fabrication of organic EL devices, out of which chelate metal complexes 

having high-luminescence b

emission. 

Chemistry 

Many Schiff bases are known to be medicinally important and used 

icinal compounds. It was seen that the biological activity of 

Schiff bases either increase or decrease upon chelation with metal ions 

Di Bella et al. 2001). 

(II), Nickel(II ), and Copper(II) complexes of Schiff bases 

show potent antibacterial activity against Escherichia Coli, Staphylococcus 

aureus and Klebsiella saprophiticus.  

It is well known that some drugs have higher activity when 

administered as metal complexes than as free ligands. Schiff bases which are 

ed by the –N=CH–(imine) group impart in elucidating the 

mechanism of transamination and rasemination reaction in biological system. 

The mode of action of these drugs is to interfere with microbial metabolis

thereby producing a static or cidal effect on the micro-organisms without 

producing a like effect in host cells. 

lectroluminescent Materials 

Organic electroliuminescent (EL) devices are useful in novel

panel displays since Tang and VanSlyke first reported on high performance

Tang &VanSlyke 1987). Their discovery was based on 

employing a multilayer device structure containing an emitting layer and a 

carrier transport layer of suitable organic materials. Organic dyes, chelate 

metal complexes and polymers are three major categories of materials used in 

the fabrication of organic EL devices, out of which chelate metal complexes 

luminescence blue emitting nature find use as materials for RGB 

6 
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icinal compounds. It was seen that the biological activity of 

Schiff bases either increase or decrease upon chelation with metal ions 
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              Xie etal (2005) 

and optoelectrical properties of bis[salicylidine(4

Zinc(II). This complex exhibits very 

performance in organic light emitting diodes (OLEDS). These experimental 

reports point to the possible application of Schiff base complexes as emitting 

materials in full colour flat

1.3.3  Non-linear 

 Non-linear optics (NLO) deals with the interactions of applied 

electromagnetic fields with various materials to generate new electromagnetic 

fields, altered in frequency phase or other physical properties. Such materials 

that are able to efficiently manipulate photonic devices are of importance in 

optical communication, optical computing and dynamic image 

this connection transition metal complexes have emerged as potential building 

blocks for non-linear optical materials due to 

present in these systems as well as due to their ability to tailor metal

ligand interactions (Long 1995

et al. 1994,Nalwa 1991

the metal complexes offer a large variety of novel structures, the possibility of 

enhanced thermal stability and a diversity of tunable electronic behaviours by 

virtue of the coordinated metal center and hence they may find use as NLO 

materials with unique magnet

investigations of NLO properties of metal complexes are being pursued by 

several research groups. It has been reported by Di Bella and co

bis (salicylaldiminato) metal Schiff base complexes exhibit good s

NLO properties (Di Bella 

1997,Lenoble et al. 1998

 

(2005) have reported the crystal structure, thermal stability 

and optoelectrical properties of bis[salicylidine(4dimethylamino)aniline]

Zinc(II). This complex exhibits very good light emission and transporting 

performance in organic light emitting diodes (OLEDS). These experimental 

reports point to the possible application of Schiff base complexes as emitting 

materials in full colour flat-panel displays. 

linear Optical Devices 

linear optics (NLO) deals with the interactions of applied 

electromagnetic fields with various materials to generate new electromagnetic 

fields, altered in frequency phase or other physical properties. Such materials 

ciently manipulate photonic devices are of importance in 

optical communication, optical computing and dynamic image 

this connection transition metal complexes have emerged as potential building 

linear optical materials due to the various excited states 

present in these systems as well as due to their ability to tailor metal

Long 1995, Di Bella et al. 1993, Laidlaw et al.

Nalwa 1991). Compared to the more common organic molecules, 

al complexes offer a large variety of novel structures, the possibility of 

enhanced thermal stability and a diversity of tunable electronic behaviours by 

virtue of the coordinated metal center and hence they may find use as NLO 

materials with unique magnetic and electrochemical properties. 

investigations of NLO properties of metal complexes are being pursued by 

several research groups. It has been reported by Di Bella and co

bis (salicylaldiminato) metal Schiff base complexes exhibit good s

Di Bella et al. 1995, Lacroix et al. 1996, Di Bella 

1998, Averseng et al. 1999). 
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tructure, thermal stability 

dimethylamino)aniline] 

good light emission and transporting 

performance in organic light emitting diodes (OLEDS). These experimental 

reports point to the possible application of Schiff base complexes as emitting 

linear optics (NLO) deals with the interactions of applied 

electromagnetic fields with various materials to generate new electromagnetic 

fields, altered in frequency phase or other physical properties. Such materials 

ciently manipulate photonic devices are of importance in 

optical communication, optical computing and dynamic image processing. In 

this connection transition metal complexes have emerged as potential building 

the various excited states 

present in these systems as well as due to their ability to tailor metal-organic-

et al. 1994, Coe 

. Compared to the more common organic molecules, 

al complexes offer a large variety of novel structures, the possibility of 

enhanced thermal stability and a diversity of tunable electronic behaviours by 

virtue of the coordinated metal center and hence they may find use as NLO 

and electrochemical properties. The 

investigations of NLO properties of metal complexes are being pursued by 

several research groups. It has been reported by Di Bella and co-workers that 

bis (salicylaldiminato) metal Schiff base complexes exhibit good second order 

Di Bella et al. 



 

1.3.4  Catalysis  

 Schiff base complexes play a central role in various homogeneous 

catalytic reactions and the activity of these complexes varies with the type of 

ligands, coordination sites and met

large number of Schiff base metal complexes exhibit various catalytic 

activities. Chiral Schiff base complexes are more selective in various 

reactions such as 

� Oxidation

� Hydroxylation

� Aldol condensation

� Epoxidation.

1.3.5  Corrosion Inhibitor

 Destruction or decaying of a metal or deterioration in its properties 

by chemical or electrochemical reaction with the environment is called 

corrosion. The serious consequences of corrosion tend to jeopardize safety 

and inhibit technology progress because of the vital role of alloys to the world 

economy (Sharma et al.

 In the industrial world we could detect that Aluminium and its 

alloys are the second largest used materials next to iron. Aluminium and its 

alloys are widely used in engineering fabrications like bridge work, buildings, 

steam engine parts and automobiles etc. 

lightweight, strength, durability, formab

are much prone to corrosion while in use by different corrosion agents of 

which acids like HCl and H

Schiff base complexes play a central role in various homogeneous 

catalytic reactions and the activity of these complexes varies with the type of 

ligands, coordination sites and metal ions. Literature report reveals that a 

large number of Schiff base metal complexes exhibit various catalytic 

activities. Chiral Schiff base complexes are more selective in various 

Oxidation 

Hydroxylation 

Aldol condensation 

Epoxidation. 

Inhibitor  

Destruction or decaying of a metal or deterioration in its properties 

by chemical or electrochemical reaction with the environment is called 

corrosion. The serious consequences of corrosion tend to jeopardize safety 

technology progress because of the vital role of alloys to the world 

et al. 2006,Ramesh &Maheswaran 2003,Lau 

In the industrial world we could detect that Aluminium and its 

second largest used materials next to iron. Aluminium and its 

widely used in engineering fabrications like bridge work, buildings, 

steam engine parts and automobiles etc. They are much used due to their 

lightweight, strength, durability, formability and corrosion resistance. They 

much prone to corrosion while in use by different corrosion agents of 

which acids like HCl and H2SO4 are most common and dangerous.

8 

 

Schiff base complexes play a central role in various homogeneous 

catalytic reactions and the activity of these complexes varies with the type of 

al ions. Literature report reveals that a 

large number of Schiff base metal complexes exhibit various catalytic 

activities. Chiral Schiff base complexes are more selective in various 

Destruction or decaying of a metal or deterioration in its properties 

by chemical or electrochemical reaction with the environment is called 

corrosion. The serious consequences of corrosion tend to jeopardize safety 

technology progress because of the vital role of alloys to the world 

Lau et al. 1999). 

In the industrial world we could detect that Aluminium and its 

second largest used materials next to iron. Aluminium and its 

widely used in engineering fabrications like bridge work, buildings, 

They are much used due to their 

ility and corrosion resistance. They 

much prone to corrosion while in use by different corrosion agents of 

are most common and dangerous. 



 

 Corrosion of aluminium is affected by 

dissolved oxygen and t

to 3. They are fairly resistant to attack by alkali between the p

to 10. Inhibitors are substances which when added in small quantities to the 

aqueous corrosive environment decreases th

(Shawali et al. 1985). 

 Corrosion monitoring may be defined as the systematic 

measurement of corrosion rate of materials with the objective of diagnosis 

and controlling corrosion. There are several monitoring techniques available 

today to the maintenance engineer 

electrical resistance method,

method, impedance method, hydrogen permeation etc. 

 Corrosion inhibition studies have been carried out in aluminium foil 

in 1M HCl using Schiff base compounds as corrosion inhibitors.

of corrosion of aluminium has been a subject of numerous studies due to their 

high technological value and wide range of industrial and house hold 

applications. Aluminium and its alloys are very good corrosion resistant 

materials in neutral aqueous

control the corrosion of aluminium. Schiff base ligands served as very good 

corrosion inhibitors in this regard.

 The present investigation deals with corrosion of aluminium in HCl 

and the inhibitive effect of Schiff base metal 

method.  

1.3.6  Antimicrobial Studies

 The antibacterial properties of me

recognised for centuries and have represented some of the most fundamental 

Corrosion of aluminium is affected by pH of solution, metal 

dissolved oxygen and temperature. It is adversely affected in the p

to 3. They are fairly resistant to attack by alkali between the pH

to 10. Inhibitors are substances which when added in small quantities to the 

aqueous corrosive environment decreases the rate of corrosion of the alloys 

 

Corrosion monitoring may be defined as the systematic 

asurement of corrosion rate of materials with the objective of diagnosis 

and controlling corrosion. There are several monitoring techniques available 

today to the maintenance engineer – techniques such as weight loss method, 

electrical resistance method, potential measurements, polarisation resistance 

method, impedance method, hydrogen permeation etc.  

Corrosion inhibition studies have been carried out in aluminium foil 

in 1M HCl using Schiff base compounds as corrosion inhibitors.

of aluminium has been a subject of numerous studies due to their 

high technological value and wide range of industrial and house hold 

applications. Aluminium and its alloys are very good corrosion resistant 

materials in neutral aqueous solution. Several inhibitors have been used to 

control the corrosion of aluminium. Schiff base ligands served as very good 

corrosion inhibitors in this regard.  

The present investigation deals with corrosion of aluminium in HCl 

and the inhibitive effect of Schiff base metal complexes by weight loss 

Antimicrobial Studies 

The antibacterial properties of metal compounds have been 

ed for centuries and have represented some of the most fundamental 
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ation resistance 

Corrosion inhibition studies have been carried out in aluminium foil 

in 1M HCl using Schiff base compounds as corrosion inhibitors. Prevention 

of aluminium has been a subject of numerous studies due to their 

high technological value and wide range of industrial and house hold 

applications. Aluminium and its alloys are very good corrosion resistant 

hibitors have been used to 

control the corrosion of aluminium. Schiff base ligands served as very good 

The present investigation deals with corrosion of aluminium in HCl 

complexes by weight loss 
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breakthroughs in medicinal history. The discovery of the di

germs induced the man to plan for the destruction of microorganisms in and 

around human environment. With this thrust, the search for substances with 

high antimicrobial activities acquires an important area of research of this 

time. The major hindrance associated with the chemical substances as 

antimicrobes is their toxicity to the host cell as well as microbial cells. Hence 

the chemical substances used should have selective toxicity towards the 

harmful microbes but not much to the host tissue

synthetic and plant origin are toxic to the bacteria and fungi but not to the host 

animal. Certain bacteria and fungi develop drug resistance on prolonged 

application of the drug, making even a very valuable drug ineffective. Hence 

it is necessary for scientists to involve themselves constantly in synthesizing 

and screening newer compounds for antimicrobial activity.

 Complexes of transition metal ions with various ligands have been 

shown to exhibit antimicrobial activity against a s

also they have been shown to possess toxicity against a number of cell lines of 

human and rodents in cell culture. Various organic ligands possess strong 

antibacterial, herbicidal, insecticidal and fungicidal properties 

&Yunus 2014,Jadhav 

the activity of biometals is often altered through the formation of complexes 

with biologically important compounds. Such increased activity for the metal 

chelates as compared to the free ligands can be 

chelation theory and overtone concept 

1987). The mechanism of toxicity of the complexes with the ligand may be 

ascribed to the increase of the lipophilic nature of the complexes arising from 

chelation. Chelation considerably reduces the polarity of the metal 

because of the partial sharing of its positive charge with the donor groups a

possible π-electron delocalis

increase the lipophilic chara

breakthroughs in medicinal history. The discovery of the di

germs induced the man to plan for the destruction of microorganisms in and 

around human environment. With this thrust, the search for substances with 

high antimicrobial activities acquires an important area of research of this 

hindrance associated with the chemical substances as 

antimicrobes is their toxicity to the host cell as well as microbial cells. Hence 

the chemical substances used should have selective toxicity towards the 

harmful microbes but not much to the host tissues. Certain chemicals of 

synthetic and plant origin are toxic to the bacteria and fungi but not to the host 

animal. Certain bacteria and fungi develop drug resistance on prolonged 

application of the drug, making even a very valuable drug ineffective. Hence 

it is necessary for scientists to involve themselves constantly in synthesizing 

and screening newer compounds for antimicrobial activity.  

Complexes of transition metal ions with various ligands have been 

shown to exhibit antimicrobial activity against a spectrum of microbes and 

also they have been shown to possess toxicity against a number of cell lines of 

human and rodents in cell culture. Various organic ligands possess strong 

antibacterial, herbicidal, insecticidal and fungicidal properties 

Jadhav et al. 2014). A search through the literature reveals that 

the activity of biometals is often altered through the formation of complexes 

with biologically important compounds. Such increased activity for the metal 

chelates as compared to the free ligands can be explained on the basis of 

chelation theory and overtone concept (Joshi &Pancholi 2000

. The mechanism of toxicity of the complexes with the ligand may be 

ascribed to the increase of the lipophilic nature of the complexes arising from 

chelation. Chelation considerably reduces the polarity of the metal 

because of the partial sharing of its positive charge with the donor groups a

electron delocalisation over the chelate ring. Such chelation could 

increase the lipophilic character of the central metal atom, 
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because of the partial sharing of its positive charge with the donor groups and 

ation over the chelate ring. Such chelation could 
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subsequently favours the p

of the microorganism and hen

activity of the testing compound. 

1.3.7  Interaction of 

 The numerous biological experiments performed so fa

DNA is the primary intracellular target of anticancer drugs because the 

interaction between small molecules and DNA can induce DNA damages in 

cancer cells, blocking the division of cancer cells and resulting in cell death, 

so exploring the mechanism of compounds binding to DNA possesses 

significant meanings, which provides certain scientific research foundation 

and the theory basis for designing the low poisonous and highly effective 

drugs.  

 Interactions of metallic antitumor agents with DNA

in understanding the mechanism of their antitumor activities which is the 

basis of designing new and more efficient antitumor drugs and their 

effectiveness depends on the mode and affinity of the binding. Transition 

metal complexes having th

under physiological conditions are of current interest for various applications 

in nucleic acid chemistry viz. as diagnostic agents in medicinal applications 

and for genomic research. The DNA cleavage activity

be targeted towards different constituents of DNA that are heterocyclic bases, 

deoxyribose sugar moiety and phosphodiester linkage. The oxidative cleavage 

results in the nucleobase oxidation and/or degradation of sugar moiety by 

abstraction of sugar hydrogen atom(s), while the hydrolytic cleavage of DNA 

involves hydrolysis of the phosphodiester bond. Among different types of 

DNA cleavage, an oxidative cleavage of DNA on irradiation with light of 

visible wavelength has gained considera

application in photodynamic therapy (PDT) of cancer. The hydrolytic 

subsequently favours the permeation through the lipid layer of cell membrane 

of the microorganism and hence enhance the biological utilis

activity of the testing compound.  

Interaction of Metal Ions with DNA 

The numerous biological experiments performed so fa

DNA is the primary intracellular target of anticancer drugs because the 

interaction between small molecules and DNA can induce DNA damages in 

cancer cells, blocking the division of cancer cells and resulting in cell death, 

echanism of compounds binding to DNA possesses 

significant meanings, which provides certain scientific research foundation 

and the theory basis for designing the low poisonous and highly effective 

Interactions of metallic antitumor agents with DNA

in understanding the mechanism of their antitumor activities which is the 

basis of designing new and more efficient antitumor drugs and their 

effectiveness depends on the mode and affinity of the binding. Transition 

metal complexes having the ability to bind and nick double stranded DNA 

under physiological conditions are of current interest for various applications 

in nucleic acid chemistry viz. as diagnostic agents in medicinal applications 

and for genomic research. The DNA cleavage activity of such complexes can 

be targeted towards different constituents of DNA that are heterocyclic bases, 

deoxyribose sugar moiety and phosphodiester linkage. The oxidative cleavage 

results in the nucleobase oxidation and/or degradation of sugar moiety by 

raction of sugar hydrogen atom(s), while the hydrolytic cleavage of DNA 

involves hydrolysis of the phosphodiester bond. Among different types of 

DNA cleavage, an oxidative cleavage of DNA on irradiation with light of 

visible wavelength has gained considerable interest due to its potential 

application in photodynamic therapy (PDT) of cancer. The hydrolytic 
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The numerous biological experiments performed so far suggest that 

DNA is the primary intracellular target of anticancer drugs because the 

interaction between small molecules and DNA can induce DNA damages in 

cancer cells, blocking the division of cancer cells and resulting in cell death, 

echanism of compounds binding to DNA possesses 

significant meanings, which provides certain scientific research foundation 

and the theory basis for designing the low poisonous and highly effective 

Interactions of metallic antitumor agents with DNA are important 

in understanding the mechanism of their antitumor activities which is the 

basis of designing new and more efficient antitumor drugs and their 

effectiveness depends on the mode and affinity of the binding. Transition 

e ability to bind and nick double stranded DNA 

under physiological conditions are of current interest for various applications 

in nucleic acid chemistry viz. as diagnostic agents in medicinal applications 

of such complexes can 

be targeted towards different constituents of DNA that are heterocyclic bases, 

deoxyribose sugar moiety and phosphodiester linkage. The oxidative cleavage 

results in the nucleobase oxidation and/or degradation of sugar moiety by 

raction of sugar hydrogen atom(s), while the hydrolytic cleavage of DNA 

involves hydrolysis of the phosphodiester bond. Among different types of 

DNA cleavage, an oxidative cleavage of DNA on irradiation with light of 

ble interest due to its potential 

application in photodynamic therapy (PDT) of cancer. The hydrolytic 



 

cleavage of DNA requires neither additives nor photo

it follows a mechanistic pathway targeted at the phosphodiester bonds linking

the nucleosides and the cleaved DNA can be amenable to further enzymatic 

relegation (Pandeya et al.

 Particularly copper complexes with imines merit much attention 

because of their ability to inte

and to participate in catalytic cycles with usual reducing and oxidi

in biological medium. 

Figure 1.3  Incorporation of salen metal complexes into a DNA duplex
(a)  The formation 
 (b)  Incorporation of multiple 

duplex in a stack 

1.4  ISATIN 

 Isatin (1H-

versatilewidely applicable pharmac

characteristics make isatin and its derivatives attractive to many research 

groups as resources for chemical and pharmacological studies. Although it 

has a relatively simple structure, isatin is a useful chemical scaff

variety of chemical transformations. 

cleavage of DNA requires neither additives nor photo-induced irradiation and 

it follows a mechanistic pathway targeted at the phosphodiester bonds linking

the nucleosides and the cleaved DNA can be amenable to further enzymatic 

et al. 1999, Salib et al. 2003).  

Particularly copper complexes with imines merit much attention 

because of their ability to intercalate between the bases of DNA (Figure 1.3) 

and to participate in catalytic cycles with usual reducing and oxidi

in biological medium.  

Incorporation of salen metal complexes into a DNA duplex
The formation of a salen metal complex from salicylic aldehyde.
Incorporation of multiple Cu(II) and Hg(II) complexes into the DNA 
duplex in a stack (Befta 1985) 

-indole-2,3-dione) (1) is a naturally occurring 

versatilewidely applicable pharmacological heterocyclic molecule. These 

characteristics make isatin and its derivatives attractive to many research 

groups as resources for chemical and pharmacological studies. Although it 

has a relatively simple structure, isatin is a useful chemical scaff

variety of chemical transformations. It was first synthesised by Erdmann and 
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Incorporation of salen metal complexes into a DNA duplex 
complex from salicylic aldehyde. 

Cu(II) and Hg(II) complexes into the DNA 

) is a naturally occurring small 

molecule. These 

characteristics make isatin and its derivatives attractive to many research 

groups as resources for chemical and pharmacological studies. Although it 

has a relatively simple structure, isatin is a useful chemical scaffold for a 

It was first synthesised by Erdmann and 



 

Laurent in 1840 (Figure1.4), when these researchers reacted indigo (

nitric and chromic acids 

Figure 1.4 Preparation of isatin by Erdmann and Laurent

 The synthetic versatility of isatin makes it an important raw 

material for the synthesis of a wide spectrum of bioactive compounds. Isatin 

derivatives exhibit antiviral, anti

activities among others. Some reviews of the pharmacological activities and 

synthesis of isatins, including oxindoles and indoles have been published 

recently (Pakravan et al.

1.5  AMINO ACIDS 

 Amino acids are molecules containing an amine group, a carboxylic 

acid group and a side chain that varies between different amino acids. These 

molecules are particular

α-amino acids with the general formula H

organic substituent. A

imbalances in our metabolism. The amino

achieving a balanced metabolism. The amino acid pool describes the entire 

amount of available free amino acids in the human body. The size of the pool 

amounts to around 120 to 130 grams in an adult male. If we consume protein 

in the diet, the protein in the gastro

individual amino acids and then put back together again as new protein. This 

complex biological process is called protein biosynthesis. 

Laurent in 1840 (Figure1.4), when these researchers reacted indigo (

nitric and chromic acids (Erdmann 1840). 

ration of isatin by Erdmann and Laurent (

The synthetic versatility of isatin makes it an important raw 

material for the synthesis of a wide spectrum of bioactive compounds. Isatin 

derivatives exhibit antiviral, anti-inflammatory, anticonvulsant and antitumor 

activities among others. Some reviews of the pharmacological activities and 

synthesis of isatins, including oxindoles and indoles have been published 

et al. 2013, Raman et al. 2011a, Da Silva et al.

AMINO ACIDS  

Amino acids are molecules containing an amine group, a carboxylic 

acid group and a side chain that varies between different amino acids. These 

molecules are particularly important in biochemistry where this term refers to 

amino acids with the general formula H2NCHRCOOH where R is an 

organic substituent. Almost every disease caused by civilisation is a result of 

imbalances in our metabolism. The amino-acid pool is jointly responsible for 

achieving a balanced metabolism. The amino acid pool describes the entire 

amount of available free amino acids in the human body. The size of the pool 

amounts to around 120 to 130 grams in an adult male. If we consume protein 

t, the protein in the gastro-intestinal tract is broken down into the

individual amino acids and then put back together again as new protein. This 

complex biological process is called protein biosynthesis.  
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 Amino acids containing uncharged amino groups, a

pH values, may also undergo Schiff base formation (i.e. condensation with 

aldehydes), which presents another potential mechanism for metal complexes.

Exhibiting a broad spectrum of biological activities and outstanding optical 

properties, complexes of 

from amino acids have attracted great interest of researchers in recent years.

 Amino acids having both the amine and carboxylic acid groups 

attached to the first (alpha

in biochemistry. Because of their biological significance, amino acids are 

important in nutrition

fertilizers. Industrial uses include the production of

plastics and chiral catalysts

amino acids taken in our present study is described as follows.

1.5.1  Aspartic Acid

Figure 1.5 Structure of 

 Aspartic acid

chemical formula HOOC

anion and salts of aspartic acid are known as

aspartate is one of the 23

of proteins. Its codons

 Aspartic acid is, together with

amino acid with a pK

Amino acids containing uncharged amino groups, a

values, may also undergo Schiff base formation (i.e. condensation with 

aldehydes), which presents another potential mechanism for metal complexes.

Exhibiting a broad spectrum of biological activities and outstanding optical 

omplexes of transition metal Schiff-base type ligands derived 

from amino acids have attracted great interest of researchers in recent years.

Amino acids having both the amine and carboxylic acid groups 

first (alpha-) carbon atom have particular importance 

. Because of their biological significance, amino acids are 

nutrition and are commonly used in nutritional supplements

Industrial uses include the production of drugs,

chiral catalysts. The biological importance of some essential 

amino acids taken in our present study is described as follows. 

Acid 

H2N OH

O

HO

O

 

Figure 1.5 Structure of aspartic acid 

Aspartic acid (abbreviated as Asp) isan α-amino acid

HOOC-CH(NH2)CH2COOH (Figure 1.5).The

of aspartic acid are known as aspartate. The

aspartate is one of the 23 proteinogenic amino acids, i.e., the building blocks

codons are GAU and GAC. 

Aspartic acid is, together with glutamic acid, classified as an acidic 

pKa of 3.9, however in a peptide the pK
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Amino acids containing uncharged amino groups, at physiological 

values, may also undergo Schiff base formation (i.e. condensation with 

aldehydes), which presents another potential mechanism for metal complexes. 

Exhibiting a broad spectrum of biological activities and outstanding optical 

base type ligands derived 

from amino acids have attracted great interest of researchers in recent years. 

Amino acids having both the amine and carboxylic acid groups 

atom have particular importance 

. Because of their biological significance, amino acids are 

nutritional supplements, 

, biodegradable 

. The biological importance of some essential 

 

amino acid with the 

The carboxylate 

. The L-isomer of 

amino acids, i.e., the building blocks 

, classified as an acidic 

of 3.9, however in a peptide the pKa is highly 



 

dependent on the local environment. It is potentially tridentate ligand, 

coordinate to metal ions through the amino nitrogen as well as the two 

carboxylato oxygen atoms.

 Aspartate is non

fromoxaloacetate by transamination

and citrulline in the urea cycle. In plants and

precursor to several ami

humans: methionine, threonine

1.5.2  Methionine

 Methionine 

formula HOOC-CH(NH

classified as nonpolar

methyl thioether (i.e. C

acid in all metazoa. This amino

which also indicates mRNA's coding region where translation into protein 

begins. It is a potentially tridentate ligand, which can coordinate to metal ions 

through the amino nitrogen, carboxylato oxygen and the sulphur atoms.

 Methionine is found in meat, fish, and dairy products, and it plays 

an important role in many cell functions. Methionine is used to 

prevent liver damage in

increasing the acidity of urine, treating

healing. Other uses

asthma, copper poisoning

withdrawal and Parkinson's disease

one of two sulfur- containing 

exceptions where methionine may act as a

dependent on the local environment. It is potentially tridentate ligand, 

coordinate to metal ions through the amino nitrogen as well as the two 

carboxylato oxygen atoms. 

Aspartate is non-essential in mammals, being produced 

transamination. It can also be generated from

in the urea cycle. In plants and microorganisms, aspartate is the 

precursor to several amino acids, including four that are essential for 

threonine, isoleucine and lysine. 

Methionine 

 (abbreviated as Met) is a α-amino acid with the

CH(NH2)CH2CH2SCH3 (Figure 1.6). This amino acid is 

nonpolar as it has a straight side chain that possess 

C–S–C bonding) at the γ-carbon. It is an essential amino 

This amino-acid is coded by the initiation codon

which also indicates mRNA's coding region where translation into protein 

begins. It is a potentially tridentate ligand, which can coordinate to metal ions 

hrough the amino nitrogen, carboxylato oxygen and the sulphur atoms.

Methionine is found in meat, fish, and dairy products, and it plays 

an important role in many cell functions. Methionine is used to 

damage in acetaminophen (Tylenol) poisoning. It is also used for 

he acidity of urine, treating liver disorders and improving wound 

uses include treating depression, alcoholism

poisoning, radiation side effects, schizophrenia

Parkinson's disease. Together with cysteine, methionine is 

containing proteinogenic amino acids. Excluding the few 

exceptions where methionine may act as a redox sensor, methionine residues 
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do not have a catalytic role.

thiol group has a catalytic role in many proteins.

have a minor structural role due to the stability effect of

interactionsbetween the side chain sulfur atom and aromatic amino acids in 

one-third of all known protein struc

Figure 1.6 Structure of 

1.5.3  Thiosemicarbazide

 Thiosemicarbazide

side has been replaced with H

(Figure 1.7). It forms stable complexes with transition metal ions. It behaves 

as a bidentate ligand coordinating through the sulphur atom as well as the

nitrogen atom of the NH

are known to have antiviral, antiinfective and antineoplastic activities through 

binding to copper or iron in cells.

Figure 1.7 Structure of 

do not have a catalytic role. This is in contrast to cysteine residues, where the 

thiol group has a catalytic role in many proteins. The thio ether does 

have a minor structural role due to the stability effect of

between the side chain sulfur atom and aromatic amino acids in 

third of all known protein structures 

NH2

HO

O

S

 

Figure 1.6 Structure of methionine 

Thiosemicarbazide 

semicarbazide is a derivative of thiourea where NH

side has been replaced with H2NNH hydrazine yielding H2NNHC (

(Figure 1.7). It forms stable complexes with transition metal ions. It behaves 

as a bidentate ligand coordinating through the sulphur atom as well as the

atom of the NH2 present in the hydrazine moiety. Thiosemic

are known to have antiviral, antiinfective and antineoplastic activities through 

binding to copper or iron in cells. 

NH2

NH

S

H2N

 

Figure 1.7 Structure of thiosemicarbazide 
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This is in contrast to cysteine residues, where the 

The thio ether does however 

have a minor structural role due to the stability effect of S/π 

between the side chain sulfur atom and aromatic amino acids in 

where NH2 on one 

NNHC (=S) NH2 

(Figure 1.7). It forms stable complexes with transition metal ions. It behaves 

as a bidentate ligand coordinating through the sulphur atom as well as the 

present in the hydrazine moiety. Thiosemicarbazones 

are known to have antiviral, antiinfective and antineoplastic activities through 



 

1.6  METAL IONS USED IN THE PRESENT STUDY

1.6.1  Cobalt 

 Cobalt is a chemical element with symbol Co and atomic number 

27. It is found naturally only in chemically combined form. The free element 

produced by reductive smelting is a hard, lu

Symbol  

Electron configuration

Atomic number

Discovered 

Atomic mass

Discoverer 

 Cobalt is essential to all 

cobalamin also known as vitamin B

reservoir of cobalt as an "ultratrace" element. Bacteria in the guts of 

animals convert cobalt salts into vitamin B

produced by bacteria or archaea. The minimum presence of cobalt in soils 

therefore markedly improves the health of 

0.20 mg/kg a day is recommended for them as they can obtain vitamin B

no other way. In the early 20

the North Island Volcanic Plateau

was termed "bush sickness". It was discovered that the volcanic soils lacked 

cobalt salts, which was necessary for cattle.

small amounts of cobalt to fertilizers.

 

METAL IONS USED IN THE PRESENT STUDY

Cobalt is a chemical element with symbol Co and atomic number 

27. It is found naturally only in chemically combined form. The free element 

produced by reductive smelting is a hard, lustrous, silver-gray metal.

   : Co 

Electron configuration  : [Ar] 4s2 3d7 

Atomic number   : 27 

   : 1735 

Atomic mass   : 58.933195 ± 0.000005 u

   : Georg Brandt. 

Cobalt is essential to all animals. It is a key constituent of 

cobalamin also known as vitamin B12, which is the primary biological 

reservoir of cobalt as an "ultratrace" element. Bacteria in the guts of 

animals convert cobalt salts into vitamin B12, a compound which can only be 

produced by bacteria or archaea. The minimum presence of cobalt in soils 

therefore markedly improves the health of grazing animals and an uptake of 

mg/kg a day is recommended for them as they can obtain vitamin B

no other way. In the early 20th century during the development for farming of 

North Island Volcanic Plateau of New Zealand, cattle suffered from what 

was termed "bush sickness". It was discovered that the volcanic soils lacked 

cobalt salts, which was necessary for cattle. The ailment was cured by adding 

small amounts of cobalt to fertilizers. 
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Cobalt is a chemical element with symbol Co and atomic number 

27. It is found naturally only in chemically combined form. The free element 

gray metal. 

58.933195 ± 0.000005 u 
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, a compound which can only be 

produced by bacteria or archaea. The minimum presence of cobalt in soils 

animals and an uptake of 
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century during the development for farming of 
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1.6.2  Nickel 

 Nickel is a chemical element with the chemical symbol Ni and 

atomic number 28. It is a silvery

tinge. Nickel belongs to the t

Symbol  

Electron configuration

Melting point

Atomic number

Atomic mass

Discoverer 

 Although not recognized u

roles in the biology of microorganisms and plants. The plant enzyme 

(an enzyme that assists in the hydrolysis of 

hydrogenases contain nickel in addition to 

hydrogenases characteristically oxidise H

Cofactor F430 is present in the methyl 

methanogenicarchaea. One of the carbon 

consists of an Fe-Ni-S cluster. Other nickel

bacterial class of superoxide dismutase

and several parasitic eukaryotic 

1.6.3  Copper 

 Copper is a chemical element with the symbol Cu and atomic 

number 29. It is a ductile metal with very high thermal and electrical 

conductivity. Pure copper is soft and malleable; a freshly exposed surface has 

a reddish-orange color. The metal and 

of years. 

Nickel is a chemical element with the chemical symbol Ni and 

atomic number 28. It is a silvery-white lustrous metal with a slight golden 

tinge. Nickel belongs to the transition metals and is hard and ductile. 

   : Ni 

Electron configuration  : [Ar] 4s2 3d8 

oint   : 1,455 °C 

Atomic number   : 28 

Atomic mass   : 58.6934 ± 0.0002 u 

   : Axel Fredrik Cronstedt

Although not recognized until the 1970s, nickel plays important 

roles in the biology of microorganisms and plants. The plant enzyme 

(an enzyme that assists in the hydrolysis of urea) contains nickel. The NiFe

contain nickel in addition to iron-sulfur clusters

hydrogenases characteristically oxidise H2. A nickel-tetrapyrrole coenzyme, 

is present in the methyl coenzyme Mreductase, which powers 

. One of the carbon monoxide dehydrogenase enzymes 

S cluster. Other nickel-containing enzymes include a rare 

superoxide dismutase and glyoxalase I enzymes in bacteria 

and several parasitic eukaryotic trypanosomal parasites. 

s a chemical element with the symbol Cu and atomic 

number 29. It is a ductile metal with very high thermal and electrical 

conductivity. Pure copper is soft and malleable; a freshly exposed surface has 

orange color. The metal and its alloys have been used for thousands 
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sulfur clusters. Such [NiFe]-

tetrapyrrole coenzyme, 
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number 29. It is a ductile metal with very high thermal and electrical 

conductivity. Pure copper is soft and malleable; a freshly exposed surface has 

have been used for thousands 



 

Symbol  

Melting point

Electron configuration

Atomic number

Discovered 

Atomic mass

 Copper is essential to all living organisms as a trace 

because it is a key constituent of the respiratory enzyme complex 

c oxidase. In molluscs

pigment hemocyanin which is replaced by the iron

fish and other vertebrates

are liver, muscle and bone. Copper compounds are used as 

substances, fungicides

copper at a level of about 1.4 to 2.1

 Several copper proteins, such as the "blue copper proteins", do not 

interact directly with su

relay electrons by the process called 

(Source: https://en.wikipedia.org/wik
Figure 1.8 Photosynthesis functions by an elaborate electron transport 

chain within the 
  A central "link" in this chain

   : Cu 

Melting point   : 1,085 °C 

Electron configuration  : [Ar] 3d10 4s1 

Atomic number   : 29 

   : 9000 BC 

Atomic mass   : 63.546 ± 0.003 u. 

Copper is essential to all living organisms as a trace dietary mineral

because it is a key constituent of the respiratory enzyme complex 

molluscs and crustacea copper is a constituent of the blood 

which is replaced by the iron-complexed 

rates. The main areas where copper is found in humans 

are liver, muscle and bone. Copper compounds are used as 

fungicides and wood preservatives. The human body contains 

copper at a level of about 1.4 to 2.1 mg per kg of body mass. 

Several copper proteins, such as the "blue copper proteins", do not 

interact directly with substrates, hence they are not enzymes. These proteins 

relay electrons by the process called electron transfer as shown in Figure 1.8.

 

https://en.wikipedia.org/wiki/File:Thylakoid_membrane.png
Photosynthesis functions by an elaborate electron transport 
chain within the thylakoid membrane 
A central "link" in this chain is plastocyanin, a blue copper protein.
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dietary mineral 

because it is a key constituent of the respiratory enzyme complex cytochrome 

copper is a constituent of the blood 

complexed hemoglobin in 

. The main areas where copper is found in humans 

are liver, muscle and bone. Copper compounds are used as bacteriostatic 

and wood preservatives. The human body contains 

Several copper proteins, such as the "blue copper proteins", do not 

bstrates, hence they are not enzymes. These proteins 

as shown in Figure 1.8. 

i/File:Thylakoid_membrane.png) 
Photosynthesis functions by an elaborate electron transport 

, a blue copper protein. 



 

1.6.4  Zinc 

 Zinc, in commerce also spelter, is a metallic chemical element. It 

has atomic number 30. It is the first element of group 12 of 

Symbol  

Electron configuration

Atomic number

Atomic mass

DateofDiscovery

Discoverer 

 Zinc is an essential

plants and for microorganisms

(other sources say 300), serves as structural ions in

stored and transferred in

abundant transition metal in

which appears in all

coordinated to the amino acid side chains of aspartic 

cysteine and histidine 

computational description of this zinc binding in proteins (as well as that of 

other transition metals) is difficult. 

 There are 2-

Most zinc is in the brain,

concentrations in the prostate and parts of the eye.

in zinc which is a key factor in

organ growth. 

Zinc, in commerce also spelter, is a metallic chemical element. It 

has atomic number 30. It is the first element of group 12 of the periodic table.

  : Zn 

Electron configuration : [Ar] 3d10 4s2 

Atomic number  : 30 

Atomic mass  : 65.38 ± 0.002 u 

Discovery : 1746  

  : Andreas Marggraf. 

Zinc is an essential trace element for humans and other animals,

microorganisms. Zinc found in nearly 100 specific

(other sources say 300), serves as structural ions in transcription factors

stored and transferred in metallothioneins. It is "typically the second most 

abundant transition metal in organisms" after iron and it is the only metal 

which appears in all enzyme classes. In proteins, Zn ions are often 

coordinated to the amino acid side chains of aspartic acid, 

cysteine and histidine which is shown in Figure 1.9. The theoretical and 

computational description of this zinc binding in proteins (as well as that of 

other transition metals) is difficult.  

-4 grams of zinc distributed throughout the human body. 

brain, muscle, bones, kidney, and liver with the highest 

concentrations in the prostate and parts of the eye. Semen is particularly rich 

in zinc which is a key factor in prostate gland function and
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transcription factors and is 

It is "typically the second most 

organisms" after iron and it is the only metal 

. In proteins, Zn ions are often 
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is shown in Figure 1.9. The theoretical and 

computational description of this zinc binding in proteins (as well as that of 

roughout the human body. 
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Semen is particularly rich 

function and reproductive 



 

Figure 1.9 Schematic representation of 

 

(Source: www.columbia.edu.com) 

ure 1.9 Schematic representation of zinc enzymes and proteins

 

 

21 

 

 

zinc enzymes and proteins 



 

LITERATURE REVIEW 

OF

2.1  LITERATURE REVIEW

 Extensive literature survey on metal (II) complexes showed that a 

lot of work have been done on Co(II),Ni(

o-hydroxynaphthaldehyde,

2,4-triazole,triethylenetetramine,quinoxal

5-bromosalicylaldehyde,1

benzylamidothiosemicarbazone,

methylcoumarin,2-hydroxyacetophenone,

1,2-diphenyl ethanedione,1

3,4-dichlorobenzaldehyde,

diaminopropane, 1,2-

nitrobenzaldehydenephenylhydrazine,

benzaldehyde, 2,3,4-trihydroxybenzaldehyde and salicylaldehyde.

 Reports have been made and they have structural similarity to 

biological systems which helps in further understanding of the 

thermodynamics and kinetics of biomolecules. Eventhough reports regarding 

the cleavage and binding, and antimicrobial studies

adducts are there, better

suitable transition metal complex in which the ligand may be an amino acid 

 

CHAPTER 2 

LITERATURE REVIEW AND SCOPE 

OF THE PRESENT WORK 

 

LITERATURE REVIEW  

Extensive literature survey on metal (II) complexes showed that a 

lot of work have been done on Co(II),Ni(II),Cu(II) and Zn(II) complexes of 

hydroxynaphthaldehyde,2,6-diacetylpyridine,3-phenyl-4-amino

triethylenetetramine,quinoxaline-2,3-(1,4H)ione, 4-aminoantipyrine,

salicylaldehyde,1-salicyl-4-benzylamidothiosemicarbazon

amidothiosemicarbazone,2-nitrobenzaldehyde, 8-acetyl

hydroxyacetophenone,isatinmonohydrazone salicylaldimines,

diphenyl ethanedione,1-ethylpropylamine,5-phenylazosalicylaldehyde,

dichlorobenzaldehyde,1,2-cyclohexanediamine,o-acetoacetylphenol,

-diphenylethanedione, o-phthalaldehyde,

nitrobenzaldehydenephenylhydrazine, p-aminoazobenzene, 

trihydroxybenzaldehyde and salicylaldehyde.

orts have been made and they have structural similarity to 

biological systems which helps in further understanding of the 

and kinetics of biomolecules. Eventhough reports regarding 

the cleavage and binding, and antimicrobial studies made from isatin

are there, better results should be observed by the synthesis of a 

suitable transition metal complex in which the ligand may be an amino acid 
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II),Cu(II) and Zn(II) complexes of  
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benzylamidothiosemicarbazone,1-phenyl-4-

acetyl-7-hydroxy-4-

monohydrazone salicylaldimines, 

phenylazosalicylaldehyde, 

acetoacetylphenol, 1,2-

phthalaldehyde, 3-hydroxy-4-

 2,4-dihydroxy 

trihydroxybenzaldehyde and salicylaldehyde. 

orts have been made and they have structural similarity to 

biological systems which helps in further understanding of the binding, 

and kinetics of biomolecules. Eventhough reports regarding 

from isatinand 

the synthesis of a 

suitable transition metal complex in which the ligand may be an amino acid 



 

which normally facilitates the antimicrobial activity because of the presence 

of the C=N group and the electronegative N,

 Moreover Schiff base metal complexes are used to control the 

corrosion of iron in acid solution. Due to the presence of the 

electron cloud on the aromatic ring, the electro

the molecule, Schiff bases may be good corrosion inhibitors.                                

 Reports on corrosion inhibition studies 

aluminium foil in HCl are very less. Taking into consideration of above 

factors, the inhibition efficiency studies of Schiff bases towards an aluminium 

foil in 1M HCl are investigated using weight loss method. An adsorption 

isotherm which describes the adsorptive behaviour of a corrosion inhibitor 

provides important clues to the 

inhibition process. Assignment of suitable adsorption isotherms for the 

corrosion inhibition of aluminium in the presence of Schiff bases is also 

attempted. 

2.1.1  Review on 

 Singh et al.

from 3-substituted

benzaldehyde, 2-hydroxyacetophenone

ligand derived from 3

and isatin and 2-hydroxyacetophenone act as dibasic tetradentate ligands and 

the ligand derived from 3

triazole and benzaldehyde act as neutral bidentate ligands.They observed that 

the anti fungal activity and antibacterial activity of the ligands and the 

complexes increases on chelation 

which normally facilitates the antimicrobial activity because of the presence 

C=N group and the electronegative N, O and S atoms in the molecule.

Moreover Schiff base metal complexes are used to control the 

corrosion of iron in acid solution. Due to the presence of the -C=N group, an 

electron cloud on the aromatic ring, the electronegative N,O and S atoms in 

the molecule, Schiff bases may be good corrosion inhibitors.                                

Reports on corrosion inhibition studies of Schiff

HCl are very less. Taking into consideration of above 

tors, the inhibition efficiency studies of Schiff bases towards an aluminium 

1M HCl are investigated using weight loss method. An adsorption 

isotherm which describes the adsorptive behaviour of a corrosion inhibitor 

provides important clues to the nature of metal inhibitor interaction for the 

inhibition process. Assignment of suitable adsorption isotherms for the 

corrosion inhibition of aluminium in the presence of Schiff bases is also 

Review on Isatin based Schiff Bases  

al. have synthesized Schiff base Zinc complexes derived 

substituted phenyl–4-amino-5-hydrazino-1,2,4-triazole

hydroxyacetophenone or indoline-2,3-dione.The Schiff base 

rived from 3-substituted phenyl–4-amino-5-hydrazino

hydroxyacetophenone act as dibasic tetradentate ligands and 

rived from 3-substituted phenyl– 4-amino-5-hydrazino 

triazole and benzaldehyde act as neutral bidentate ligands.They observed that 

gal activity and antibacterial activity of the ligands and the 

complexes increases on chelation (Singh et al. 2012a). 
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 Al-Resayes 

complexes obtained by the condensation of triethylene tetramine and isatin 

.They synthesized the complexes by template method and the bonding modes 

of the ligand through two imine 

carbonyl oxygens have been dedu

observed that the antibacterial activity of the ligand is inactive while the 

complexes show considerable activity.

 Singh et al. 

substituted isatin with 4

compound was characterized by means of their IR, 

and elemental analysis. The antimic

was evaluated by tube dilution meth

showed better antibacterial activity than the reference drugs. 

Figure 2.1 Schematic representation of Synthesis of Schiff base
reacting substituted Isatin

 Swathy et al.

reaction of isatin mono hydrazone and 2

reported that the corrosion inhibition efficien

complex reveal that the ligand possess greater activity than the metal complex 

and there is an enhancement in the antimicrobial activity of the complexes 

than that of the ligand.

 Akbar Ali et al.

based tin IV complexes reveals that the Schiff bases act as monoanionic 

bidentate chelating agen

Resayes et al. (2012) have synthesised the transition 

complexes obtained by the condensation of triethylene tetramine and isatin 

.They synthesized the complexes by template method and the bonding modes 

of the ligand through two imine nitrogens, two amine nitrogens and two 

carbonyl oxygens have been deduced by spectral studies. They have been 

observed that the antibacterial activity of the ligand is inactive while the 

complexes show considerable activity. 

 (2010) have prepared Schiff base compound by reacting 

with 4-amino-N-carbamimidoylbenzenesulfonamide and the 

was characterized by means of their IR, 1H NMR spectroscopic data 

and elemental analysis. The antimicrobial activity of the synthesis

was evaluated by tube dilution method. The synthesized compounds (

showed better antibacterial activity than the reference drugs.  

Schematic representation of Synthesis of Schiff base
reacting substituted Isatin (Singh et al. 2010) 

et al. (2012) have prepared a schiff base complex

reaction of isatin mono hydrazone and 2-hydroxy acetophenone. They have 

reported that the corrosion inhibition efficiency of the ligand and its nickel

complex reveal that the ligand possess greater activity than the metal complex 

n enhancement in the antimicrobial activity of the complexes 

than that of the ligand. 

et al.  (2011a) reported that the crystal structures of isatin 

based tin IV complexes reveals that the Schiff bases act as monoanionic 

bidentate chelating agents coordinating the tin (IV) ion thro the azomethine 
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nitrogen atoms and the thiolate sulphur atoms, the tin atom in each complex is 

five coordinate with a highly distorted geometry intermediate of square 

pyramidal and trigonal bipyramidal.

 Suraj Ade (2012

chloro benzoic acid and Isatin.

prepared from chloride salt of Ti(IV), Zr(IV) and Cd(II) in alcoholic medium.

On the basis of elemental and spectral studies, six and f

geometry was assigned to these complexes. In the presence of these results, it 

is suggested that this ligand act as uninegative tridentate in nature contain 

tertiary nitrogen, ketonic carbonyl and carboxylic group. TGA and IR studies 

confirm the presence of coordinated water molecule in the complex.

2.1.2  Review on 

 The Schiff base

number of metal ions which have shown variety of applications. 

 Abdessamad Arbao

ligands (2-(OH)5(R3)C

dialdehyde and two equivalents of the glycine, 2,2

phenylalanine with the metal acetates M(OAc)

of triethylamine as shown in Figure 2.2  

Figure 2.2 Synthesis of acyclic Schiff base complexes

nitrogen atoms and the thiolate sulphur atoms, the tin atom in each complex is 

five coordinate with a highly distorted geometry intermediate of square 

pyramidal and trigonal bipyramidal. 

(2012) has prepared a new Schiff base from 2

chloro benzoic acid and Isatin. Metal complexes of the Schiff base were 

prepared from chloride salt of Ti(IV), Zr(IV) and Cd(II) in alcoholic medium.

On the basis of elemental and spectral studies, six and four coordinated 

geometry was assigned to these complexes. In the presence of these results, it 

is suggested that this ligand act as uninegative tridentate in nature contain 

tertiary nitrogen, ketonic carbonyl and carboxylic group. TGA and IR studies 

m the presence of coordinated water molecule in the complex.

Review on Aminoacid based Schiff Bases 

The Schiff bases derived from amino acids form chelates with large 

number of metal ions which have shown variety of applications. 

Abdessamad Arbaoui et al. have synthesized the acyclic Schiff 

(R3)C6H2-1,3-(HCNC(R1)(R2)CO2H) derived from t

and two equivalents of the glycine, 2,2-diphenylglycine or 

phenylalanine with the metal acetates M(OAc)2 (M = Cu, Zn) in the pres

of triethylamine as shown in Figure 2.2  (Arbaoui et al. 2011). 

Synthesis of acyclic Schiff base complexes (Arbaoui 
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nitrogen atoms and the thiolate sulphur atoms, the tin atom in each complex is 

five coordinate with a highly distorted geometry intermediate of square 

new Schiff base from 2-amino, 4-

Metal complexes of the Schiff base were 

prepared from chloride salt of Ti(IV), Zr(IV) and Cd(II) in alcoholic medium. 

our coordinated 

geometry was assigned to these complexes. In the presence of these results, it 

is suggested that this ligand act as uninegative tridentate in nature contain 

tertiary nitrogen, ketonic carbonyl and carboxylic group. TGA and IR studies 

m the presence of coordinated water molecule in the complex. 

derived from amino acids form chelates with large 

number of metal ions which have shown variety of applications.  

synthesized the acyclic Schiff base 

H) derived from the 

diphenylglycine or 

(M = Cu, Zn) in the presence 

 

(Arbaoui et al. 2011) 



 

 Abdel-Rahman 

acid chelates by the reaction between o

acids and is shown in Figure 2.3. Results of the physical measurements show 

that Fe(II) ion is coordinat

N atoms and two carboxylate O atoms to form octahedral 

complexes.According to the spectrophoto

the prepared complexes bind to DNA via classical intercalative mode and 

showed a different DNA activity

complexes have many potential practical applications like the development of 

nucleic acid molecular probesandnew therapeutic reagents for diseases.

Figure 2.3  Formation of the investigated Schiff base amino acid ligands 
and their complexes

 They have also prepared iron Schiff base amino acid complexe

the reaction between 5

have reported that all the complexes have octahedral coordination.The 

antimicrobial activity of al

possess good antibacterial activity

 Two new ternary mixed

[Cu2(L
1)2(bipy)(EtOH)

Rahman et al. (2013b) have synthesised Schiff base amino 

the reaction between o-hydroxynaphthaldehyde

acids and is shown in Figure 2.3. Results of the physical measurements show 

that Fe(II) ion is coordinated by two phenolic oxygen atoms,two azo

N atoms and two carboxylate O atoms to form octahedral 

complexes.According to the spectrophotometric and viscosity measurements 

the prepared complexes bind to DNA via classical intercalative mode and 

showed a different DNA activity.They also reported that transition metal 

complexes have many potential practical applications like the development of 

nucleic acid molecular probesandnew therapeutic reagents for diseases.

Formation of the investigated Schiff base amino acid ligands 
and their complexes (Abdel-Rahman et al. (2013b) 

They have also prepared iron Schiff base amino acid complexe

the reaction between 5-bromo salicylaldehyde and alpha amino acids.They 

have reported that all the complexes have octahedral coordination.The 

antimicrobial activity of all the synthesised compounds show that they 

ess good antibacterial activity (Abdel-Rahman et al. 2014).

Two new ternary mixed-ligand supramolecular complexes 

(bipy)(EtOH)2] (1) and [CuL2(imi)] (2) (H
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ed Schiff base amino 

naphthaldehyde and amino 

acids and is shown in Figure 2.3. Results of the physical measurements show 

two azomethine 

N atoms and two carboxylate O atoms to form octahedral 

metric and viscosity measurements 

the prepared complexes bind to DNA via classical intercalative mode and 

.They also reported that transition metal 

complexes have many potential practical applications like the development of 

nucleic acid molecular probesandnew therapeutic reagents for diseases. 

 

Formation of the investigated Schiff base amino acid ligands 
 

They have also prepared iron Schiff base amino acid complexes by 

bromo salicylaldehyde and alpha amino acids.They 

have reported that all the complexes have octahedral coordination.The 

ed compounds show that they 

. 

ligand supramolecular complexes 

) (H2L
2 = β-(2-



 

chlorophenylal)amine, 

synthesised (Figure 2.4) and characterized by

2014).                                    

Figure 2.4 Synthesis of two 

  Neelakantan 

the reaction between o

Figure 2.5. They reported that the metal ions coordinate in a tetradentate or 

hexadentate manner with N

provide the crystalline nature and morphology.They also investigated that 

there is an increased biological activity of the complexes.Cu(II) and VO(II) 

complexes show more pronounced activity in presence of the oxidant 

(Neelakantan et al. 2008

Figure 2.5  Structure of 
between
2008) 

chlorophenylal)amine, N-[1-(2-hydroxyphenyl)propylidene], have been 

2.4) and characterized by Yan and coworkers 

.                                     

Figure 2.4 Synthesis of two ternary mixed-ligand supramolecular complexes

(Yan et al. 2014) 

Neelakantan et al. have derived Schiff base metal complexes by 

the reaction between o-phthalaldehyde and amino acids and is shown in 

Figure 2.5. They reported that the metal ions coordinate in a tetradentate or 

hexadentate manner with N2O2 donor ligands and the metal complexes 

provide the crystalline nature and morphology.They also investigated that 

there is an increased biological activity of the complexes.Cu(II) and VO(II) 

complexes show more pronounced activity in presence of the oxidant 

2008). 

Structure of Schiff base metal complexes by the reaction 
between o-phthalaldehyde and amino acids (Neelakantan 
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 Boghaei & Gharagozlou (2007

ternary zinc(II) complexes derived from the condensation of glycine, 

l-phenylalanine, l-valin

sulfonates (sodium salicylaldehyde

salicylaldehyde-5-sulfonate) as shown in Figure 2.6. The IR spectra of the 

complexes showed large differences between 

νs(COO),ν(νas(COO)−

coordination of the carboxylate group. Spectral data showed that in these 

ternary complexes the zinc atom is coordinated with the Schiff base ligand 

acts as a tridentate ONO

phenolic oxygen, imine nitrogen, and carboxyl oxygen, and also with the 

neutral planar chelating ligand, 1,10

nitrogens. 

Figure 2.6 Synthesis of binary and ternary amino a
Zn(II) complex

 

 Li et al. (2014a) 

(II) complexes (Figure 2.7) of reduced amino acid esters as potential 

anticancer agents and they were characterised by NMR, IR spectroscopy, 

elemental analysis and molar conductivity

Boghaei & Gharagozlou (2007) have prepared a series of new 

ternary zinc(II) complexes derived from the condensation of glycine, 

valine, l-alanine, and l-leucine) and salicylaldehyde

sulfonates (sodium salicylaldehyde-5-sulfonate and sodium 3

sulfonate) as shown in Figure 2.6. The IR spectra of the 

complexes showed large differences between νas(COO) and 

−νs(COO)) of 191–225 cm−1, indicating a monodentate 

coordination of the carboxylate group. Spectral data showed that in these 

ternary complexes the zinc atom is coordinated with the Schiff base ligand 

acts as a tridentate ONO moiety, coordinating to the metal through its 

phenolic oxygen, imine nitrogen, and carboxyl oxygen, and also with the 

neutral planar chelating ligand, 1,10-phenanthroline,coordinating through 

Synthesis of binary and ternary amino acid Schiff base 
Zn(II) complex (Boghaei & Gharagozlou (2007) 

(2014a) have synthesised a series of Schiff

Figure 2.7) of reduced amino acid esters as potential 

ancer agents and they were characterised by NMR, IR spectroscopy, 

elemental analysis and molar conductivity. 
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as(COO) and 
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cid Schiff base 

ed a series of Schiff base platinum 

Figure 2.7) of reduced amino acid esters as potential 

ancer agents and they were characterised by NMR, IR spectroscopy, 



 

Figure 2.7  Synthesis of Schiff base platinum (II) complexes from 
reduced amino acid esters

 Abu-Hussen & Linert (2009

VO(IV) & UO2(VI) complexes fr

semicarbazide (a) and thiosemicarbazide (b).They observed that the ligand (a) 

behaves as a tri, tetra or pentadentate ligand form

Co(II)complex, square planar for Ni(II) complex and octahedral coordination for 

Cu(II),VO(IV) & UO2

tetradentate ligand form

binegative pentadentate ligand forming square planar for Cu(II),square 

pyramidal for VO(IV) and pentagonal bipyramidal for UO(VI) complexes.

 These compounds were tested for their stability and DNA 

interaction with salmon sper

cytotoxicities of these complexes were validated against HL

Hela, and HepG2 cell lines by the MTT test. 

exhibited better cytotoxic activity than cisplatin against HepG2 and BGC

cell lines, respectively.

 Zong-Ze Li and coworkers have reported “

Co(II) amino acid Schiff base complexes

chains (Figure 2.8) : Structures and magnetism

Synthesis of Schiff base platinum (II) complexes from 
reduced amino acid esters (Li et al. (2014a) 

Hussen & Linert (2009) have prepared Co(II),Ni(II),Cu(II),

(VI) complexes from the reaction of 2,6-diacetyl

semicarbazide (a) and thiosemicarbazide (b).They observed that the ligand (a) 

ra or pentadentate ligand forming tetrahedral geometry for 

(II)complex, square planar for Ni(II) complex and octahedral coordination for 

2(VI) complexes.And the ligand (b) behaves as binegative 

ligand forming tetrahedral complexes for Co(II) and Ni(II) 

binegative pentadentate ligand forming square planar for Cu(II),square 

pyramidal for VO(IV) and pentagonal bipyramidal for UO(VI) complexes.

These compounds were tested for their stability and DNA 

interaction with salmon sperm DNA by ultraviolet spectrum. The 

cytotoxicities of these complexes were validated against HL-

pG2 cell lines by the MTT test. The complexes

better cytotoxic activity than cisplatin against HepG2 and BGC

l lines, respectively. 

Ze Li and coworkers have reported “Two 2D grid

amino acid Schiff base complexes with left- and right-

) : Structures and magnetism.”  
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Synthesis of Schiff base platinum (II) complexes from 

have prepared Co(II),Ni(II),Cu(II), 

diacetylpyridine with 

semicarbazide (a) and thiosemicarbazide (b).They observed that the ligand (a) 

ing tetrahedral geometry for 

(II)complex, square planar for Ni(II) complex and octahedral coordination for 

(VI) complexes.And the ligand (b) behaves as binegative 

(II) and Ni(II) 

binegative pentadentate ligand forming square planar for Cu(II),square 

pyramidal for VO(IV) and pentagonal bipyramidal for UO(VI) complexes. 

These compounds were tested for their stability and DNA 

m DNA by ultraviolet spectrum. The 

-60, BGC-823, 

The complexes 5e and 5f 

better cytotoxic activity than cisplatin against HepG2 and BGC-823 

Two 2D grid-based 

-handed helical 



 

Figure 2.8 Two 2D grid
complexes
2014b) 

 Two layered Co(II) amino acid Schiff base complexes, 

[Co(napala)(tbpe)0.5]n 

hydroxy-1-naphthylmethylidene)

naphthylmethylidene)glycine and tbpe

have been synthesised by solv

single-crystal X-ray diffraction. The bridging of Schiff base ligands 

napala2 − or napgly2 − with Co(II) forms one

handed helical chains which are further pillared by tbpe to build a two

dimensional (2D) grid

show high thermal stability andexhibit antiferromagnetic coupling between 

the Co(II) centers mediated by the

 Sahni etal 

thiosemicarbazide. The tridentate NSO Schiff base

amidothiosemicarbazone forms octahedral complexes of the type 

[M(SBTS)2]
+, whereas the bidentate NS 

benzylamidothiosemicarbazone (PBTS) yields the c

[M(PBTS)2X2]
+, except Co(III)

conforming to the pseudooctahedral symmetry.

Two 2D grid-based Co(II) amino acid Schiff base 
complexes with left- and right- handed helical chains

Two layered Co(II) amino acid Schiff base complexes, 

 (1) and [Co(napgly)(tbpe)0.5]n (2)[H2

naphthylmethylidene)-D/L-alanine, H2napgly = N

glycine and tbpe = trans-1,2-bis(4-pyridy

ed by solvothermal methods and characteris

ray diffraction. The bridging of Schiff base ligands 

with Co(II) forms one-dimensional (1D) left

handed helical chains which are further pillared by tbpe to build a two

dimensional (2D) grid-based hcb-type framework. Moreover, both complexes 

show high thermal stability andexhibit antiferromagnetic coupling between 

the Co(II) centers mediated by the syn–anti-COO−-bridges(Li et al.

 (1979) have reported the Schiff bases o

The tridentate NSO Schiff base,1-salicyl

amidothiosemicarbazone forms octahedral complexes of the type 

whereas the bidentate NS Schiff base, 

amidothiosemicarbazone (PBTS) yields the complexes of the type 

except Co(III)-PBTS complex. [Co(PBTS)

conforming to the pseudooctahedral symmetry. 
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Two layered Co(II) amino acid Schiff base complexes, 

2napala = N-(2-

N-(2-hydroxy-1-

pyridyl)ethylene], 

othermal methods and characterised using 

ray diffraction. The bridging of Schiff base ligands 

dimensional (1D) left- and right-

handed helical chains which are further pillared by tbpe to build a two-

type framework. Moreover, both complexes 

show high thermal stability andexhibit antiferromagnetic coupling between 

et al. 2014b). 

have reported the Schiff bases of substituted 

salicyl-4-benzyl 

amidothiosemicarbazone forms octahedral complexes of the type 

 1-phenyl -4-

omplexes of the type 

PBTS complex. [Co(PBTS)2(H2O)2]
3+, 



 

 Intercalation of Ga

complexes (Figure 2.9)

characterization, acid resistant property, in vitro release kinetics and 

antimicrobial activity 

Figure 2.9  Intercalation of Ga
complexes

 Ga3 + salicylidene amino acid Schiff base complexes are 

intercalated into Mg/Al

molecules in hybrids are proposed. Protection of LDH increases 

Ga3 + complexes acid resistance in wide pH range of 7

guests following first-

antibacterial activity of guests against

 Chohan et al.

metal complexes derived by the condensation of 

acids (Figure 2.10).They have screened the invitro antibacterial activity 

against four gram negative and two g

clearly shows that the metal complexes show more antibacterial activity than 

the uncomplexed Schiff

Intercalation of Ga3 +-Salicylidene amino acid Schiff base 

complexes (Figure 2.9)  into layered double hydroxides: Synthesis, 

resistant property, in vitro release kinetics and 

 have been reported by (Wang et al. 2013)

Intercalation of Ga3 +Salicylidene-amino acid Schiff base 
complexes into layered double hydroxides (Wang 

salicylidene amino acid Schiff base complexes are 

intercalated into Mg/Al-LDH. Monolayer, bilayer and trilayer models of guest 

molecules in hybrids are proposed. Protection of LDH increases 

acid resistance in wide pH range of 7–1. The hybrids release 

-order kinetics via ion exchange. The hybrids keep the 

antibacterial activity of guests against P. Aeruginosa. 

t al. (2007) have synthesised new Schiff base transition 

metal complexes derived by the condensation of salicylaldehyde with amino 

acids (Figure 2.10).They have screened the invitro antibacterial activity 

against four gram negative and two gram positive bacterial strains

clearly shows that the metal complexes show more antibacterial activity than 

the uncomplexed Schiff base ligands. 
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Wang et al. 2013) 

salicylidene amino acid Schiff base complexes are 

LDH. Monolayer, bilayer and trilayer models of guest 

molecules in hybrids are proposed. Protection of LDH increases 

1. The hybrids release 

order kinetics via ion exchange. The hybrids keep the 

ed new Schiff base transition 

alicylaldehyde with amino 

acids (Figure 2.10).They have screened the invitro antibacterial activity 

acterial strains.The results 

clearly shows that the metal complexes show more antibacterial activity than 



 

Figure 2.10 Antibacterial activity and characterisation of new Schiff 
base transition metal complexes derived b
of salicylaldehyde with amino acids

 Crystal structures of

pyramidal geometry around Cu(II). The complexes are one

paramagnetic and show one d

378 nm in aqueous methanol, respectively. The electrochemical studies in 

DMF medium exhibit an irreversible Cu(II)/Cu(I) redox couple in the 

potential range of −0.3 to 0.5

associated with oxidation of ligands about 0.8

catalytically active in oxidation of ascor

models the ascorbate oxidation property of the Cu(II) sites in ascorbate 

oxidase.  

 Abdel-Rahman 

teratogenicity testing, antibacterial, antifungal and DNA interaction of few 

high spin Fe(II) Schiff base amino acid complexes

 In terms of molecular parameters, Lukovits explained the variation 

in the inhibition efficiency of thiosemicarbazide and thiosem

derivatives using quantitative structure activity relationships (QSAR). It was 

found that in the studied series of thiosemicarbazide and thiosemicarbazone 

derivative corrosion inhibition efficiency depends on the EHOMO and the 

Antibacterial activity and characterisation of new Schiff 
base transition metal complexes derived by the condensation 
of salicylaldehyde with amino acids (Chohan et al.

Crystal structures of the complexes displayed a distorted square

pyramidal geometry around Cu(II). The complexes are one

paramagnetic and show one d–d transition and one LMCT bands near 664 and 

nm in aqueous methanol, respectively. The electrochemical studies in 

dium exhibit an irreversible Cu(II)/Cu(I) redox couple in the 

−0.3 to 0.5 V and one additional irreversible anodic wave 

associated with oxidation of ligands about 0.8 V. These complexes are also 

catalytically active in oxidation of ascorbic acid in presence of dioxygen, 

models the ascorbate oxidation property of the Cu(II) sites in ascorbate 

Rahman et al.(2013a) have reported design, characteris

testing, antibacterial, antifungal and DNA interaction of few 

chiff base amino acid complexes (Figure 2.11)

In terms of molecular parameters, Lukovits explained the variation 

in the inhibition efficiency of thiosemicarbazide and thiosem

derivatives using quantitative structure activity relationships (QSAR). It was 

found that in the studied series of thiosemicarbazide and thiosemicarbazone 

derivative corrosion inhibition efficiency depends on the EHOMO and the 
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pyramidal geometry around Cu(II). The complexes are one-electron 

d transition and one LMCT bands near 664 and 

nm in aqueous methanol, respectively. The electrochemical studies in 

dium exhibit an irreversible Cu(II)/Cu(I) redox couple in the 

V and one additional irreversible anodic wave 

V. These complexes are also 

bic acid in presence of dioxygen, 

models the ascorbate oxidation property of the Cu(II) sites in ascorbate 

design, characterisation,   

testing, antibacterial, antifungal and DNA interaction of few 

(Figure 2.11). 

In terms of molecular parameters, Lukovits explained the variation 

in the inhibition efficiency of thiosemicarbazide and thiosemicarbazones 

derivatives using quantitative structure activity relationships (QSAR). It was 

found that in the studied series of thiosemicarbazide and thiosemicarbazone 

derivative corrosion inhibition efficiency depends on the EHOMO and the 



 

dipole moment, or alternatively, on the minimal electronic excitation energy 

(Lukovits et al. 2005).

Figure 2.11 Design, characteris
antifungal and DNA interaction of few high spin Fe(II) 
schiff base amino acid complexes

 Alghool et al.

Ce(IV), and Th(IV), with the amino Schiff base

hydroxybenzyl)-l-methionine acid](HL), in the presence of triethylamine as a 

deprotonating agent. 

 Singh et al.

nitrobenzaldehyde with amino acids

bidentate molecule,metal

carboxylate oxygen.The ligands and their comple

to access the antibacterial potential and the results indicate that the biological 

activity increases on complexation.

 Fouda investigated the inhibition action of semicarbazide, 

thiosemicarbazide and diphenylcarbazide towards 

using weight loss, thermometric and polaris

loss measurements it was observed that the rate of corrosion depends on the 

alternatively, on the minimal electronic excitation energy 

. 

 

esign, characterisation, teratogenicity testing, antibacterial
antifungal and DNA interaction of few high spin Fe(II) 
schiff base amino acid complexes (Abdel-Rahman 

et al. (2013) have prepared metal complexes of La(III), 

Ce(IV), and Th(IV), with the amino Schiff base ligand

methionine acid](HL), in the presence of triethylamine as a 

et al. (2012b) have prepared Schiff bases derived from 2

robenzaldehyde with amino acids.They have reported that the ligands act as 

bidentate molecule,metal coordinating through azomethine nitrogen and 

carboxylate oxygen.The ligands and their complexes have been tested inorder 

to access the antibacterial potential and the results indicate that the biological 

activity increases on complexation. 

Fouda investigated the inhibition action of semicarbazide, 

thiosemicarbazide and diphenylcarbazide towards corrosion of zinc in HCl 

t loss, thermometric and polarisation techniques. From the weight 

loss measurements it was observed that the rate of corrosion depends on the 
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nature of inhibitor and its concentration

these inhibitors act as mixed type inhibitors. The increase in adsorption is due 

to electron density at the reactive C=S and C=O groups and N atoms 

et al. 1995). 

 Patil et al. 

complexes derived from m

hydroxy-4-methyl coumarin. They 

tetra dentate ligands and exhibit thiol

that the complexes shown non

and highly active against some of the antibacterial and anti

 Sallam et al.

aspartic acid by template method in ethanol media. 

the Schiff bases are dibasic tridentate or tetradentate donors and the 

complexes have square plan

 Quraishi et al.

three Schiff bases towards mild steel

formic and 20% acetic acid media by weight loss and potentiodynamic 

polarization methods. These compounds acted as mixed inhibitors and shown 

good inhibition efficiency in formic acid solutions. 

 The corrosive behaviour of 

concentrations of glutaraldehyde, glycine, methionine and

products formed between was examined using chemicaland electrochemical 

methods by Rajappa 

methionine acted as cathodic inhibitor showing anefficiency of  92.5% and 

the adsorption followed Temkin isoth

nature of inhibitor and its concentration. The polarisation studies reveal tha

these inhibitors act as mixed type inhibitors. The increase in adsorption is due 

to electron density at the reactive C=S and C=O groups and N atoms 

 (2011a) have synthesised a new series of Schiff base 

complexes derived from m-substitutedthiosemicarbazide and 8

methyl coumarin. They have reported that the Schiff bases act as 

tetra dentate ligands and exhibit thiol-thione tautomerism. They also observed 

that the complexes shown non-specific cleavage of DNA isolated of 

and highly active against some of the antibacterial and antifungal species. 

et al. (2011) have prepared Ni (II) complexes derived from 

emplate method in ethanol media. They have reported that 

the Schiff bases are dibasic tridentate or tetradentate donors and the 

complexes have square planar and octahedral structures. 

et al. (2002) have investigated the inhibition efficiency of 

towards mild steel in aqueous solutions containing 20% 

formic and 20% acetic acid media by weight loss and potentiodynamic 

methods. These compounds acted as mixed inhibitors and shown 

good inhibition efficiency in formic acid solutions.  

The corrosive behaviour of zinc in HCl solutioncontaining various 

concentrations of glutaraldehyde, glycine, methionine and their condensati

products formed between was examined using chemicaland electrochemical 

methods by Rajappa et al. The condensation productof glutaraldehyde and 

methionine acted as cathodic inhibitor showing anefficiency of  92.5% and 

the adsorption followed Temkin isotherm  (Rajappa & Venkatesha 2003
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 Refat et al. 

and b) of thiosemicarbazide and their Mn(II) and Cu(II) complexes

spectra offer the mode of coordination of each ligand with each metal ion. 

The electronic spectra and magnetic measurements proposed the structural 

geometry of the investigated complexes. Octahedral geometry was proposed 

for Mn(II) complexes and squareplanar for Cu(II) complexes. The 

spectra was taken for all organic compounds used in 

most suitable tautomer of them. X

show their amorphous nature but H

nanocrystalline nature. The TG analysis was used to prove the presence of 

solvent molecules attached with the c

The biological investigation was carried out for H

and displaying the inhibition activity of Cu(II) complex than the Mn(II) one.

Figure 2.12 Synthesis of der

 (2015) have synthesised two derivatives 

of thiosemicarbazide and their Mn(II) and Cu(II) complexes

spectra offer the mode of coordination of each ligand with each metal ion. 

c spectra and magnetic measurements proposed the structural 

geometry of the investigated complexes. Octahedral geometry was proposed 

for Mn(II) complexes and squareplanar for Cu(II) complexes. The 

spectra was taken for all organic compounds used in this study and display the 

most suitable tautomer of them. X-ray diffraction of H2L1 and its complexes 

show their amorphous nature but H2L2 ligand and its complexes show their 

nanocrystalline nature. The TG analysis was used to prove the presence of 

t molecules attached with the complexes as covalently or 

The biological investigation was carried out for H2L2 ligand and its complexes 

and displaying the inhibition activity of Cu(II) complex than the Mn(II) one.

ynthesis of derivatives of thiosemicarbazide (Refat 
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ed two derivatives (Figure 2.12a 

of thiosemicarbazide and their Mn(II) and Cu(II) complexes. The IR 

spectra offer the mode of coordination of each ligand with each metal ion. 

c spectra and magnetic measurements proposed the structural 

geometry of the investigated complexes. Octahedral geometry was proposed 

for Mn(II) complexes and squareplanar for Cu(II) complexes. The 1H NMR 

this study and display the 

and its complexes 

ligand and its complexes show their 

nanocrystalline nature. The TG analysis was used to prove the presence of 

omplexes as covalently or physically. 

ligand and its complexes 

and displaying the inhibition activity of Cu(II) complex than the Mn(II) one. 

 

Refat et al. (2015) 



 

2.1.3  Review on 

 Al-Saif (2013

of Schiff bases derived

and characterized based on elemental analyses, IR 

spectra, molar conductance, and thermal analysis (TG/DTG).The preparation 

design of the Schiff base ligand is shown in Figure 2.13.The molar 

conductance data reveal that all the metal chelates of the 4APF ligand are 

electrolytes with different numbers of ionizable chloride ions. IR spectra 

show that 4APF is coordinated to the metal ions in a bi

ON donor sites of azomethine

is coordinated to the 4APF in a tri

azomethine–N, furan-

chelates shows that the hydrated complexes lose water molecules of hydration 

in the first step and is followed by decomposition of the anions and ligand 

moieties in the respective steps. The synthesized ligands, in comparison to 

their metal complexes, were also scre

against bacterial species as well as fungi. 

Figure 2.13 Preparation

 Koçer et al.

hydroxyphenylimino ligands (L1, L2 and L3) by the condensation of 

2-aminophenol, 3-aminophenol and 4

metabolite and are shown in Figure 2.14. The synthesized ligands and their 

Review on Structural Aspect of Schiff base Complexes 

Saif (2013) have prepared Pt(IV), Au(III) and Pd(II) complexes 

of Schiff bases derived from 2-furaldehyde and 4-aminoantipyrine (4APF) 

and characterized based on elemental analyses, IR 1H-NMR, electronic 

spectra, molar conductance, and thermal analysis (TG/DTG).The preparation 

hiff base ligand is shown in Figure 2.13.The molar 

conductance data reveal that all the metal chelates of the 4APF ligand are 

electrolytes with different numbers of ionizable chloride ions. IR spectra 

show that 4APF is coordinated to the metal ions in a bi-dentate situation, with 

ON donor sites of azomethine–N and furan-O, whereas the Pt(IV) metal ions 

is coordinated to the 4APF in a tri-dentate situation with ONO donor sites of 

-O, and carbonyl-O. The thermal behavior of these 

hows that the hydrated complexes lose water molecules of hydration 

in the first step and is followed by decomposition of the anions and ligand 

moieties in the respective steps. The synthesized ligands, in comparison to 

their metal complexes, were also screened for their antibacterial activity 

against bacterial species as well as fungi.  

 

Figure 2.13 Preparation of 4APF Schiff base ligand (Al -

et al. (2014) have prepared novel multifunctional 

hydroxyphenylimino ligands (L1, L2 and L3) by the condensation of 

aminophenol and 4-aminophenol with usnic acid, a lichen 

shown in Figure 2.14. The synthesized ligands and their 
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Complexes  

II) and Pd(II) complexes 

antipyrine (4APF) 

NMR, electronic 

spectra, molar conductance, and thermal analysis (TG/DTG).The preparation 

hiff base ligand is shown in Figure 2.13.The molar 

conductance data reveal that all the metal chelates of the 4APF ligand are 

electrolytes with different numbers of ionizable chloride ions. IR spectra 

dentate situation, with 

O, whereas the Pt(IV) metal ions 

dentate situation with ONO donor sites of 

O. The thermal behavior of these 

hows that the hydrated complexes lose water molecules of hydration 

in the first step and is followed by decomposition of the anions and ligand 

moieties in the respective steps. The synthesized ligands, in comparison to 

ened for their antibacterial activity 

-Saif (2013) 

multifunctional 

hydroxyphenylimino ligands (L1, L2 and L3) by the condensation of  

minophenol with usnic acid, a lichen 

shown in Figure 2.14. The synthesized ligands and their 



 

Cu(II), Co(II), Ni(II) and Mn(II) complexes were characterized.The ligands 

and their complexes were tested against ten important pathogen 

microorganisms using the disc diffusion method and the metal complexes of 

the ligands were more active against all of the microorganisms tested with a 

broad spectrum than the ligands exhibiting 11

the other hand, a broad spectrum of th

determined for the Mn(II) and Cu(II) complexes of the hydroxyphenylimino 

ligand with usnic acid (L3).The antimutagenic activities of all of the ligands 

and their metal complexes were also determined using the Ames

and E. coli WP2 microbial assay systems and they showed varied and strong 

antimutagenic effects.

ligands possess potent antimutagenic activity.

some metal complexes 

Figure 2.14 Synthesis of the ligands from usnic acid 

Cu(II), Co(II), Ni(II) and Mn(II) complexes were characterized.The ligands 

and their complexes were tested against ten important pathogen 

rganisms using the disc diffusion method and the metal complexes of 

the ligands were more active against all of the microorganisms tested with a 

broad spectrum than the ligands exhibiting 11–32 mm inhibition zones. On 

the other hand, a broad spectrum of the strongest antimicrobial activity was 

determined for the Mn(II) and Cu(II) complexes of the hydroxyphenylimino 

ligand with usnic acid (L3).The antimutagenic activities of all of the ligands 

and their metal complexes were also determined using the Ames

and E. coli WP2 microbial assay systems and they showed varied and strong 

antimutagenic effects. It has been found that the Co and Mn complexes of the 

ligands possess potent antimutagenic activity. They have also reported that 

some metal complexes can be used as antimicrobial and anticancer agents.

ynthesis of the ligands from usnic acid (Koçer 
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Cu(II), Co(II), Ni(II) and Mn(II) complexes were characterized.The ligands 

and their complexes were tested against ten important pathogen 

rganisms using the disc diffusion method and the metal complexes of 

the ligands were more active against all of the microorganisms tested with a 

32 mm inhibition zones. On 

e strongest antimicrobial activity was 

determined for the Mn(II) and Cu(II) complexes of the hydroxyphenylimino 

ligand with usnic acid (L3).The antimutagenic activities of all of the ligands 

and their metal complexes were also determined using the Ames-Salmonella 

and E. coli WP2 microbial assay systems and they showed varied and strong 

It has been found that the Co and Mn complexes of the 

They have also reported that 

can be used as antimicrobial and anticancer agents. 

 

Koçer et al. (2014) 



 

                    Ceyhan et al.

and their Cu(II), Co(II), Ni(II), 

2.15) and characterised by the analytical and spectroscopic methods. Alkane 

oxidation activities of the metal complexes were studied on cyclohexane as 

substrate. The ligands and their metal complexes were evaluate

antimicrobial activity against Corynebacterium xerosis, Bacillus brevis, 

Bacillus megaterium, Bacillus cereus, Mycobacterium smegmatis, 

Staphylococcus aureus, Micrococcus luteus and Enterococcus faecalis (as 

Gram-positive bacteria) and Pseudomo

pneumoniae, Escherichia coli, Yersinia enterocolitica, Klebsiella fragilis, 

Saccharomyces cerevisiae, and Candida albicans (as Gram

Figure 2.15 Schematic 
ligands 

 Fernández-G 

derived from ortho hydroxyl Schiff base ligands.They have reported that the 

geometry of these compounds is intermediate between square planar and 

tetrahedral from solid state X

properties of the complexes were highly sensi

et al. (2011) have synthesised two Schiff base ligands 

and their Cu(II), Co(II), Ni(II), Pd(II) and Ru(III) metal complexes

ed by the analytical and spectroscopic methods. Alkane 

oxidation activities of the metal complexes were studied on cyclohexane as 

substrate. The ligands and their metal complexes were evaluate

antimicrobial activity against Corynebacterium xerosis, Bacillus brevis, 

Bacillus megaterium, Bacillus cereus, Mycobacterium smegmatis, 

Staphylococcus aureus, Micrococcus luteus and Enterococcus faecalis (as 

positive bacteria) and Pseudomonas aeruginosa, Klebsiella 

pneumoniae, Escherichia coli, Yersinia enterocolitica, Klebsiella fragilis, 

Saccharomyces cerevisiae, and Candida albicans (as Gram-negative bacteria).

Schematic representation of proposed structures of the 
gands and their metal complexes (Ceyhanet al. (2011)

G et al. (2002) have synthesized three copper complexes 

derived from ortho hydroxyl Schiff base ligands.They have reported that the 

these compounds is intermediate between square planar and 

tetrahedral from solid state X-ray diffraction studies and the electrochemical 

properties of the complexes were highly sensitive to the bulk of the 
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two Schiff base ligands 

Pd(II) and Ru(III) metal complexes (Figure 

ed by the analytical and spectroscopic methods. Alkane 

oxidation activities of the metal complexes were studied on cyclohexane as 

substrate. The ligands and their metal complexes were evaluated for their 

antimicrobial activity against Corynebacterium xerosis, Bacillus brevis, 

Bacillus megaterium, Bacillus cereus, Mycobacterium smegmatis, 

Staphylococcus aureus, Micrococcus luteus and Enterococcus faecalis (as 

nas aeruginosa, Klebsiella 

pneumoniae, Escherichia coli, Yersinia enterocolitica, Klebsiella fragilis, 

negative bacteria). 

 

roposed structures of the 
(2011) 

have synthesized three copper complexes 

derived from ortho hydroxyl Schiff base ligands.They have reported that the 

these compounds is intermediate between square planar and 

ray diffraction studies and the electrochemical 

tive to the bulk of the  



 

1-ethylpropyl substituent and the electron densi

equivalent to the described trends in similar systems CuN

 Chakraborty 

Schiff base complexes from 2

aminoethyl)amine. They have reported that the synthesized complexes were 

square planar with three different types of nitrogen donor centers in the s

ligand which is not very common in the literature especially for Co(III). 

 Khandar & Nejati (2000

complexes by the reaction between 5

amines.They have reported that the copper complexes III and IV have a quasi 

reversible redox behaviour and complexes I and II undergo irreversible and 

reversible reduction respectively under the experimental conditions.

 Dolaz et al.

complexes (Figure 2.16) by the reaction b

trans-1,2-cyclohexanediamine

that the ligand behaves as a bidentate ligand and coordinates to the metal ions 

through the nitrogen atoms and the complexes have the mononuclear 

structures. They have inve

complexes on the cyclohexane as a substrate is very much improved. They 

have also obtained the single crystal of

Figure2.16  Schematic representation of r
processes of the ligand in DMF solution

propyl substituent and the electron density at the ligand which is 

equivalent to the described trends in similar systems CuN2S2 and CuN

Chakraborty et al. (2006) have prepared two novel quadridentate 

omplexes from 2-Hydroxyacetophenone and tris(2

aminoethyl)amine. They have reported that the synthesized complexes were 

square planar with three different types of nitrogen donor centers in the s

ligand which is not very common in the literature especially for Co(III). 

Khandar & Nejati (2000) have prepared Schiff base copper 

complexes by the reaction between 5-phenylazo salicylaldehyde and di

amines.They have reported that the copper complexes III and IV have a quasi 

reversible redox behaviour and complexes I and II undergo irreversible and 

reversible reduction respectively under the experimental conditions.

et al. (2010) have prepared the transition metal Schiff base 

complexes (Figure 2.16) by the reaction between 3,4-dichlorobe

cyclohexanediamine and ([CH3(CH2)3]4NBF4). They have reported 

that the ligand behaves as a bidentate ligand and coordinates to the metal ions 

through the nitrogen atoms and the complexes have the mononuclear 

They have investigated that the catalytic activity of all the 

complexes on the cyclohexane as a substrate is very much improved. They 

o obtained the single crystal of the ligand from CH3CN solution.

Schematic representation of reversible reduction
processes of the ligand in DMF solution (Dolaz et al.
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ty at the ligand which is 

and CuN4. 

have prepared two novel quadridentate 

acetophenone and tris(2-

aminoethyl)amine. They have reported that the synthesized complexes were 

square planar with three different types of nitrogen donor centers in the same 

ligand which is not very common in the literature especially for Co(III).  

have prepared Schiff base copper 

phenylazo salicylaldehyde and di or tri 

amines.They have reported that the copper complexes III and IV have a quasi 

reversible redox behaviour and complexes I and II undergo irreversible and 

reversible reduction respectively under the experimental conditions. 

have prepared the transition metal Schiff base 

dichlorobenzaldehyde, 

They have reported 

that the ligand behaves as a bidentate ligand and coordinates to the metal ions 

through the nitrogen atoms and the complexes have the mononuclear 

stigated that the catalytic activity of all the 

complexes on the cyclohexane as a substrate is very much improved. They 

CN solution. 

 

eversible reduction–oxidation 
et al. (2010) 



 

 Khuhawar et al.

and they have found that the number of bands increases (from the 

spectrophotometic data

incorporated in the polymers due to polycondensation. 

 Adhikary et al.

copper (II) Schiff base complexes and they exhibit high catalytic activity in 

the oxidation reactions of a variety of olefins with tertiary butyl 

hydroperoxide in acetonitri

the copper (II) ion is coordinated to one oxygen atom  and two nitrogen atoms 

of the tridentate Schiff base ligand .The fourth coordination site of the central 

metal ion is occupied by the oxygen atom from a

2.1.4  Review on 

 Singh et al.

complexes with Schiff bases derived from isatins and amino acids. These 

ligands act as bidentate species and coordina

azomethine nitrogen and carboxylate oxygen atom via deprotonation. The 

synthesized complexes have been characterized by elemental analysis, 

conductance measurements, and molecular weight determinations. The mode 

of bonding of the complexes has been suggested on the basis of infrared, UV

visible, and 1H- and 13

been assigned to these complexes.

 Singh & Singh (2012) 

via condensation of is

characterized by elemental analysis, molar conductance, electronic, infrared, 

and multinuclear magnetic resonance (

The analytical data showed that the ligand acts as b

ions via azomethine nitrogen and carboxylate oxygen by a stoichiometric 

et al. (2004) have prepared seven Schiff base polymers 

and they have found that the number of bands increases (from the 

spectrophotometic data) due to the conjugated azomethine chromophore 

incorporated in the polymers due to polycondensation.  

et al. (2008) have reported that the synthesized three 

chiff base complexes and they exhibit high catalytic activity in 

the oxidation reactions of a variety of olefins with tertiary butyl 

hydroperoxide in acetonitrile.They have also investigated that in complex I 

the copper (II) ion is coordinated to one oxygen atom  and two nitrogen atoms 

of the tridentate Schiff base ligand .The fourth coordination site of the central 

metal ion is occupied by the oxygen atom from a water molecule.

Review on Characterisation of Schiff base Complexes 

et al. (2013) have synthesised new series of lead (II) 

complexes with Schiff bases derived from isatins and amino acids. These 

ligands act as bidentate species and coordinate to the metal atom through the 

azomethine nitrogen and carboxylate oxygen atom via deprotonation. The 

synthesized complexes have been characterized by elemental analysis, 

conductance measurements, and molecular weight determinations. The mode 

of the complexes has been suggested on the basis of infrared, UV
13C-NMR spectroscopy and probable structures have 

been assigned to these complexes. 

Singh & Singh (2012) have prepared new Schiff base (HL) ligand 

via condensation of isatin and amino acids in 1:1 molar ratio. The ligand was 

characterized by elemental analysis, molar conductance, electronic, infrared, 

and multinuclear magnetic resonance (1H NMR, 13C NMR, and

The analytical data showed that the ligand acts as bidentate toward

ions via azomethine nitrogen and carboxylate oxygen by a stoichiometric 
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epared seven Schiff base polymers 

and they have found that the number of bands increases (from the 

methine chromophore 

have reported that the synthesized three 

chiff base complexes and they exhibit high catalytic activity in 

the oxidation reactions of a variety of olefins with tertiary butyl 

le.They have also investigated that in complex I 

the copper (II) ion is coordinated to one oxygen atom  and two nitrogen atoms 

of the tridentate Schiff base ligand .The fourth coordination site of the central 

water molecule. 

Complexes  

ed new series of lead (II) 

complexes with Schiff bases derived from isatins and amino acids. These 

te to the metal atom through the 

azomethine nitrogen and carboxylate oxygen atom via deprotonation. The 

synthesized complexes have been characterized by elemental analysis, 

conductance measurements, and molecular weight determinations. The mode 

of the complexes has been suggested on the basis of infrared, UV-

and probable structures have 

have prepared new Schiff base (HL) ligand 

atin and amino acids in 1:1 molar ratio. The ligand was 

characterized by elemental analysis, molar conductance, electronic, infrared, 

C NMR, and 119Sn NMR). 

identate towards metal 

ions via azomethine nitrogen and carboxylate oxygen by a stoichiometric 



 

reaction of metal�:�ligand (1

Bu2Sn(L)2, where L is the Schiff base ligands of histidine and methionine. 

The conductivity values bet

presence of non electrolyte species. On the basis of the above spectral studies, 

distorted octahedral and tetrahedral geometry have been proposed for the 

resulting organo tin(IV) and lead(II) complexes

 Sathisha and Pai

electrochemistry, and biological studies of Co(II), Ni(II), Cu(II), and Zn(II) 

complexes of thiocarbohydrazone ligand.The ligand was synthesized starting 

from thiocarbohydrazide and isatin. They have reported that from the IR data, 

in all the complexes, only one part of the ligand is coordinated to the metal 

ion resulting mononuclear complexes. The

through the carbonyl oxygen of the isatin fragment, the nitrogen atom of the 

azomethine group, and sulfur atom after deprotonation to give five membered 

rings. Molar conductance values in DMF indicate the non electrolytic na

of the complexes. Copper complex displays quasireversible cyclic voltametric 

responses with Ep near 

0.1 V/s. Copper (II) complexes show

 Chandra et al.

complexes of Co(II), Ni(II) and Cu(II) metal ions with general stoichiometry 

[M(L)X]X and [M(L)SO

thiodipropionic acid bis(4

pyrazoline) and X = NO

characterized by elemental analyses, molar conductance measurements, 

magnetic susceptibility measurements and spectral techniques like IR, UV 

and EPR. The nickel (II) complexes were found to hav

whereas cobalt(II) and copper(II) comple

 

�ligand (1�:�2) to form metal complexes (Pb(II)(L)

, where L is the Schiff base ligands of histidine and methionine. 

The conductivity values between 15 and 25 Ω−1cm2�mol−1 in DMF imply the 

presence of non electrolyte species. On the basis of the above spectral studies, 

distorted octahedral and tetrahedral geometry have been proposed for the 

resulting organo tin(IV) and lead(II) complexes. 

and Pai (2007) have reported the synthesis, structure, 

electrochemistry, and biological studies of Co(II), Ni(II), Cu(II), and Zn(II) 

iocarbohydrazone ligand.The ligand was synthesized starting 

from thiocarbohydrazide and isatin. They have reported that from the IR data, 

in all the complexes, only one part of the ligand is coordinated to the metal 

ion resulting mononuclear complexes. The ligand coordinates essentially 

through the carbonyl oxygen of the isatin fragment, the nitrogen atom of the 

azomethine group, and sulfur atom after deprotonation to give five membered 

rings. Molar conductance values in DMF indicate the non electrolytic na

of the complexes. Copper complex displays quasireversible cyclic voltametric 

responses with Ep near −0.659 v and 0.504 v in Ag/AgCl at the scan rate of 

(II) complexes shows a single line EPR signal. 

et al. (2009) have reported the synthesis of transition metal 

complexes of Co(II), Ni(II) and Cu(II) metal ions with general stoichiometry 

[M(L)X]X and [M(L)SO4], where M = Co(II), Ni(II) and Cu(II), L = 3,3’

thiodipropionic acid bis(4-amino-5-ethylimino-2,3-dimethyl

zoline) and X = NO3
-, Cl- and OAc- and they were structurally 

characterized by elemental analyses, molar conductance measurements, 

magnetic susceptibility measurements and spectral techniques like IR, UV 

(II) complexes were found to have octahedral geometry, 

whereas cobalt(II) and copper(II) complexes were of tetragonal geometry.
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2) to form metal complexes (Pb(II)(L)2 and 

, where L is the Schiff base ligands of histidine and methionine. 

in DMF imply the 

presence of non electrolyte species. On the basis of the above spectral studies, 

distorted octahedral and tetrahedral geometry have been proposed for the 

he synthesis, structure, 

electrochemistry, and biological studies of Co(II), Ni(II), Cu(II), and Zn(II) 

iocarbohydrazone ligand.The ligand was synthesized starting 

from thiocarbohydrazide and isatin. They have reported that from the IR data, 

in all the complexes, only one part of the ligand is coordinated to the metal 

ligand coordinates essentially 

through the carbonyl oxygen of the isatin fragment, the nitrogen atom of the 

azomethine group, and sulfur atom after deprotonation to give five membered 

rings. Molar conductance values in DMF indicate the non electrolytic nature 

of the complexes. Copper complex displays quasireversible cyclic voltametric 

Ag/AgCl at the scan rate of 

 

the synthesis of transition metal 

complexes of Co(II), Ni(II) and Cu(II) metal ions with general stoichiometry 

], where M = Co(II), Ni(II) and Cu(II), L = 3,3’-

dimethyl-1-phenyl-3-

and they were structurally 

characterized by elemental analyses, molar conductance measurements, 

magnetic susceptibility measurements and spectral techniques like IR, UV 

e octahedral geometry, 

xes were of tetragonal geometry. 



 

2.1.5  Review on DNA 

 Synthesis and st

complex: Invitro DNA

studies has been reported by 

Figure 2.17. 

Figure 2.17 Schematic representation of in vitro
plasmid cleavage and HSA

 The spectroscopic and analytical and single crystal X

diffraction studies revealed that the complex

environment. In vitro 

different biophysical techniqu

binds to DNA in comparison to ligand

Complex cleaves pBR322 DNA

groove of DNA double helix. The HSA binding results showed that ligand 

and complex 1 has ability to quench the fluorescence emission intensity of 

Trp 214 residue available in the subdomain IIA of HSA 

2014). 

 Hosny et al.

andDNAbindingofSchiff bas

hydroxyprobanoic acid

Review on DNA Binding Studies of Schiff base Complexes

Synthesis and structure elucidation of a copper(II)

DNA binding, pBR322 plasmid cleavage and HSA

has been reported by (Tabassum et al. 2014) and is shown in 

 

Schematic representation of in vitro DNA binding, pBR322 
plasmid cleavage and HSA binding  (Tabassum et al.

The spectroscopic and analytical and single crystal X

diffraction studies revealed that the complex exist in a distorted octahedral 

CT-DNA binding studies were performed by employing 

different biophysical technique which indicated that the complex

binds to DNA in comparison to ligand viaelectrostatic binding mode. 

pBR322 DNA via hydrolytic pathway and recognizes minor 

groove of DNA double helix. The HSA binding results showed that ligand 

has ability to quench the fluorescence emission intensity of 

Trp 214 residue available in the subdomain IIA of HSA (Tabassum

 (2014) have reported “Synthesis, spectral characterization 

Schiff base metalcomplexes derivedfrom 2

acid andacetylacetone” (Figure 2.18). 
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Complexes 

ructure elucidation of a copper(II) Schiff-base 

binding, pBR322 plasmid cleavage and HSA binding 

and is shown in  

binding, pBR322 
et al. 2014) 

The spectroscopic and analytical and single crystal X-ray 

exist in a distorted octahedral 

DNA binding studies were performed by employing 

complex strongly 

electrostatic binding mode. 

hydrolytic pathway and recognizes minor 

groove of DNA double helix. The HSA binding results showed that ligand 

has ability to quench the fluorescence emission intensity of 

Tabassum et al. 

Synthesis, spectral characterization 

derivedfrom 2-amino-3-



 

Figure 2.18 DNA binding of
2-amino

 The Schiff-

band gap measurements indicated the semi

complexes. Molecular docking predicted the binding between the ligand and 

the receptor of prostate cancer mutant H874Y. Cu(II) complex efectively 

binds to CT-DNA (Hosny 

 Hong et al.

(Figure2.19) derived from

methylidene] pyridine

and DNA/BSA interaction

Figure 2.19 Synthesis of organo tin (IV)

 

DNA binding of Schiff-base metal complexes 
amino-3-hydroxyprobanoic acid  (Hosny et al. (2014)

-base ligand acts as bi-negative tridentate. The optical 

urements indicated the semi-conducting nature of these 

complexes. Molecular docking predicted the binding between the ligand and 

the receptor of prostate cancer mutant H874Y. Cu(II) complex efectively 

Hosny et al. 2014). 

et al. (2014) have studied organotin (IV)

from Schiffbase N′-[(1E)- (2-hydroxy-3-methoxyphenyl)

pyridine-4-carbohydrazone: Synthesis, in vitro cytotoxicities 

interaction’. 

Figure 2.19 Synthesis of organo tin (IV) complexes (Hong 

43 

 

 derived from 
(2014) 

negative tridentate. The optical 

conducting nature of these 

complexes. Molecular docking predicted the binding between the ligand and 

the receptor of prostate cancer mutant H874Y. Cu(II) complex efectively 

organotin (IV) complexes  

methoxyphenyl) 

vitro cytotoxicities 

 

Hong et al. (2014) 



 

 Five organotin(IV) complexes containing hydrazone were 

synthesized. A novel 72

In vitro cytotoxicities of all compounds were tested against five cisplatin

resistant cell lines. DNA/BSA interactions of t

 A chiral Schiff base HL N

salicylaldehyde)dehydroabietylamine (

complex [Cu2L4]·4DMF (

Fei and his coworkers 

Figure 2.20 Schematic representation shows the DNA binding ability of 
chiral Schiff base HL N
dehydroabietylamine (
complex [Cu

 The interactions of

investigated by viscosity measurements, UV, fluorescence 

dichroism (CD) spectroscopic techniques. Absorption spectral, emission 

spectral and viscosity measurements reveal that

through intercalation and

CD study indicates 2 cause a more evident perturbation on the base stacking 

and helicity of B-DNA upon binding to it. In flu

(∆H > 0) and entropy (

compounds with DNA demonstrate hydrophobic interactions.

Five organotin(IV) complexes containing hydrazone were 

synthesized. A novel 72-membered crown-like macrocycle was obtained. 

vitro cytotoxicities of all compounds were tested against five cisplatin

resistant cell lines. DNA/BSA interactions of two compounds were explored.

A chiral Schiff base HL N

salicylaldehyde)dehydroabietylamine (1) and its chiral dinuclear copper 

]·4DMF (2) have been synthesized and fully characterized by 

Fei and his coworkers (Fei et al. 2014). 

Schematic representation shows the DNA binding ability of 
chiral Schiff base HL N-(5-bromo-salicylaldehyde)
dehydroabietylamine (1) and its chiral dinuclear c
complex [Cu2L 4]·4DMF (2) (Fei et al. 2014) 

The interactions of 1 and 2 with salmon sperm DNA have been 

investigated by viscosity measurements, UV, fluorescence 

dichroism (CD) spectroscopic techniques. Absorption spectral, emission 

spectral and viscosity measurements reveal that 1 and 2 interact with DNA 

through intercalation and 2 exhibits a higher DNA binding ability. In addition, 

cause a more evident perturbation on the base stacking 

DNA upon binding to it. In fluorimetric studies, the enthalpy 

0) and entropy (∆S > 0) changes of the reactions between the 

compounds with DNA demonstrate hydrophobic interactions.
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Five organotin(IV) complexes containing hydrazone were 

like macrocycle was obtained. 

vitro cytotoxicities of all compounds were tested against five cisplatin-

wo compounds were explored. 

A chiral Schiff base HL N-(5-bromo-

) and its chiral dinuclear copper 

) have been synthesized and fully characterized by 

 

Schematic representation shows the DNA binding ability of 
salicylaldehyde) 

) and its chiral dinuclear copper 

with salmon sperm DNA have been 

investigated by viscosity measurements, UV, fluorescence and circular 

dichroism (CD) spectroscopic techniques. Absorption spectral, emission 

interact with DNA 

exhibits a higher DNA binding ability. In addition, 

cause a more evident perturbation on the base stacking 

orimetric studies, the enthalpy 

0) changes of the reactions between the 

compounds with DNA demonstrate hydrophobic interactions. 1 and 2 were 



 

also screened for their cytotoxic ability and

inhibition of the selected cancer cells at concentration of 50

identical with their DNA binding ability order. All the experimental results 

show that the involvement of Cu (II) centers has some interesting effect on 

DNA binding ability and cytotoxici

Figure 2.20. 

 Hong et al.

complexes of benzoylformic acid 3

complexes were structu

elemental, IR and NMR (

that the ligand presents as tridentate ligand with ONO donors and coordinates 

to the tin center in an enolic form. 

Figure 2.21 Structure and DNA binding properties of diorganotin (IV) 
complexes

 In vitro cytotoxicities of complexes

to explore their potential anticancer activities. 

complexes with calf thymus DNA were investigated by fluorescence 

quenching method with ethidium bromide system and are

Figure 2.21. Furthermore, the protein fluorescence quenching studies reveal 

that there are strong bind

also screened for their cytotoxic ability and 2 demonstrates higher growth 

f the selected cancer cells at concentration of 50 µM this result is 

identical with their DNA binding ability order. All the experimental results 

show that the involvement of Cu (II) centers has some interesting effect on 

DNA binding ability and cytotoxicity of the chiral Schiff base and is shown in 

et al. (2014) have synthesized five diorganotin (IV) 

complexes of benzoylformic acid 3-hydroxy-2-naphthoyl hydrazone. The 

complexes were structurally characterized by X-ray crystallography, 

elemental, IR and NMR (1H and 13C) spectroscopy. Structural analysis reveal

that the ligand presents as tridentate ligand with ONO donors and coordinates 

to the tin center in an enolic form.  

ucture and DNA binding properties of diorganotin (IV) 
complexes (Hong et al. (2014) 

vitro cytotoxicities of complexes and the ligand were determined 

to explore their potential anticancer activities. DNA-binding properties of

with calf thymus DNA were investigated by fluorescence 

quenching method with ethidium bromide system and are

Figure 2.21. Furthermore, the protein fluorescence quenching studies reveal 

that there are strong binding interactions between compounds
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quenching method with ethidium bromide system and are shown in  

Figure 2.21. Furthermore, the protein fluorescence quenching studies reveal 

ing interactions between compounds and bovine 



 

serum albumins (BSA). Synchronous fluorescence spectra show that both the 

tryptophan and tyrosine residues in BSA are affected by the two compounds.

 The mononuclear nickel(II) complexes  of ligands bappz [1,4

aminomethyl)piperazine] and its Schiff bases L

salicylaldehyde; and L

and characterized by Jayamani 

Figure 2.22 Schematic representation of DNA binding of the ligand and 
mononuclear nickel (II) complexes

 The single crystal X

complex 1 crystallized in the orthorhombic Pbca space group with distorted 

square planar geometry. The ligands and their nickel(II) complexes presented 

good binding propensity to bovine serum albumin protein (BSA) and is 

shown in Figure 2.22. 

complexes with calf thymus DNA

circular dichroism spectral analysis and molecular docking studies in the 

order as follows:3 > 2

also screened for antimicrobial activity. All the complexes exhibited higher 

antimicrobial activity than free ligands.

 Nickel(II)-Schiff base complex (Figure 2

of bovine and human serum albumin: Spectroscopic and docking studies

been reported by Ray and his coworkers 

serum albumins (BSA). Synchronous fluorescence spectra show that both the 

tryptophan and tyrosine residues in BSA are affected by the two compounds.

The mononuclear nickel(II) complexes  of ligands bappz [1,4

aminomethyl)piperazine] and its Schiff bases L1 with 5

salicylaldehyde; and L2 with 5-bromosalicylaldehyde have been synthesized 

and characterized by Jayamani et al. ( 2014). 

Schematic representation of DNA binding of the ligand and 
mononuclear nickel (II) complexes (Jayamani et al.

The single crystal X-ray study showed that the 

crystallized in the orthorhombic Pbca space group with distorted 

square planar geometry. The ligands and their nickel(II) complexes presented 

good binding propensity to bovine serum albumin protein (BSA) and is 

shown in Figure 2.22. The strong binding interaction of the prepared 

es with calf thymus DNA was confirmed by absorption, fluorescence, 

circular dichroism spectral analysis and molecular docking studies in the 

2 > 1. The Schiff bases and their Ni(II) complexes were 

also screened for antimicrobial activity. All the complexes exhibited higher 

antimicrobial activity than free ligands. 

Schiff base complex (Figure 2.23) recognizing domain II 

of bovine and human serum albumin: Spectroscopic and docking studies

been reported by Ray and his coworkers (Ray et al. 2012).  
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serum albumins (BSA). Synchronous fluorescence spectra show that both the 

tryptophan and tyrosine residues in BSA are affected by the two compounds. 

The mononuclear nickel(II) complexes  of ligands bappz [1,4-bis(3-

with 5-methyl 

bromosalicylaldehyde have been synthesized 

 

Schematic representation of DNA binding of the ligand and 
t al. ( 2014) 

wed that the 

crystallized in the orthorhombic Pbca space group with distorted 

square planar geometry. The ligands and their nickel(II) complexes presented 

good binding propensity to bovine serum albumin protein (BSA) and is 

The strong binding interaction of the prepared 

was confirmed by absorption, fluorescence, 

circular dichroism spectral analysis and molecular docking studies in the 

complexes were 

also screened for antimicrobial activity. All the complexes exhibited higher 

recognizing domain II 

of bovine and human serum albumin: Spectroscopic and docking studies has 



 

Figure 2.23 Schematic representation of docking result of Nickel(II)
Schiff base 

 Nickel (II)

albumins, a rare type of superficial binding of the complex at domain IIB of 

HSA. Docking studies predict certain mobility of the complex. Spectroscopic 

and docking results are well correlated.  Binding selectively enhances protein 

stability in the presence of chaotrope.

 Prakash et al.

S-methylisothiosemicarbazone

AsPh3 coligand: Synthesis, structure and biological investigations, including 

antioxidant, DNA and protein interaction, and

and is shown in Figure 2.24. 

 New complexes showed excellent free radicals scavenging ability 

and could bind with DNA via intercalation. Protein binding studies using 

fluorescence spectroscopy showed that the new complexes could bind 

strongly with bovine serum albumin (BSA). Photo cleavage experiments 

using DNA of E-coli 

complexes. 

 

Schematic representation of docking result of Nickel(II)
Schiff base complex (Ray et al. 2012). 

(II) -Schiff base interacts differently with two 

rare type of superficial binding of the complex at domain IIB of 

HSA. Docking studies predict certain mobility of the complex. Spectroscopic 

nd docking results are well correlated.  Binding selectively enhances protein 

stability in the presence of chaotrope. 

et al. (2014) have studied Ruthenium

methylisothiosemicarbazone Schiff base complexes bearing PPh

coligand: Synthesis, structure and biological investigations, including 

antioxidant, DNA and protein interaction, and in vitro anticancer 

and is shown in Figure 2.24.  

New complexes showed excellent free radicals scavenging ability 

and could bind with DNA via intercalation. Protein binding studies using 

fluorescence spectroscopy showed that the new complexes could bind 

with bovine serum albumin (BSA). Photo cleavage experiments 

 bacterium exhibited the DNA cleavage ability of the 
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Schematic representation of docking result of Nickel(II) -

Schiff base interacts differently with two serum 

rare type of superficial binding of the complex at domain IIB of 

HSA. Docking studies predict certain mobility of the complex. Spectroscopic 

nd docking results are well correlated.  Binding selectively enhances protein 

Ruthenium (III)  

bearing PPh3/ 

coligand: Synthesis, structure and biological investigations, including 

anticancer activities 

New complexes showed excellent free radicals scavenging ability 

and could bind with DNA via intercalation. Protein binding studies using 

fluorescence spectroscopy showed that the new complexes could bind 

with bovine serum albumin (BSA). Photo cleavage experiments 

bacterium exhibited the DNA cleavage ability of the 



 

Figure 2.24  Structure 
interaction 

 Further, the

complexes against MCF

isothiosemicarbazone complexes to suppress the developm

neoplastic disease cells.

 A series of new dissymmetric ruthenium

the type have been synthesized and characterized by Vijayan 

2.1.6  Review on 

 Schiff bases exhibit a wide range of pharmacological activities like 

antifungual, antibacterial, antiviral, anti inflammatory etc. 

 Dhanaraj & Johnson (2014

complexes derived from quinoxaline 

They have reported that the ligand behaves as tridentate ligand with ONO 

donor in Co(II),Ni(II) and Zn(II) complexes and the coordination sites are 

phenolic –OH,imino nitrogen and ketonic oxygen 

reported that Co complex shows tetrahedral geometry, Cu complex shows 

square planar geometry and the Ni and Zn complexes possess octahedral 

Structure & biological investigations including DNA
interaction & anticancer activity (Prakash et al. (2014

Further, the in vitro anticancer activity studies on the new 

complexes against MCF-7 cell line exhibited the ability of Ru(III) 

isothiosemicarbazone complexes to suppress the development of malignant 

neoplastic disease cells. 

A series of new dissymmetric ruthenium (II) carbonyl complexes of 

the type have been synthesized and characterized by Vijayan et al.

Review on Therapeutic Importance of Schiff base 

ff bases exhibit a wide range of pharmacological activities like 

antifungual, antibacterial, antiviral, anti inflammatory etc.  

Dhanaraj & Johnson (2014) have synthesized transition metal 

ed from quinoxaline -2,3-(1,4H)-dione and 4-aminoantip

They have reported that the ligand behaves as tridentate ligand with ONO 

donor in Co(II),Ni(II) and Zn(II) complexes and the coordination sites are 

OH,imino nitrogen and ketonic oxygen groups. And they have 

reported that Co complex shows tetrahedral geometry, Cu complex shows 

square planar geometry and the Ni and Zn complexes possess octahedral 
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biological investigations including DNA, protein 
(2014) 

anticancer activity studies on the new 

7 cell line exhibited the ability of Ru(III) 

ent of malignant 

(II) carbonyl complexes of 

et al. (2014). 

of Schiff base Complexes  

ff bases exhibit a wide range of pharmacological activities like 

have synthesized transition metal 

aminoantipyrine. 

They have reported that the ligand behaves as tridentate ligand with ONO 

donor in Co(II),Ni(II) and Zn(II) complexes and the coordination sites are 

groups. And they have 

reported that Co complex shows tetrahedral geometry, Cu complex shows 

square planar geometry and the Ni and Zn complexes possess octahedral 



 

geometry. They have also reported that all the metal complexes are thermally 

stable and show good antimicrobial activity.The complexes also exhibited 

effective DNA cleavage via hydrolytic mechanistic path way.

 Shebl et al. 

by the reaction between 2

1-amino-3-propan-2yl

chloroform were found to be biologically more active against gram positive 

bacteria and gram negative bacteria.The also investigated that the Schiff base 

ligand behaves as versatile chelating agent 

towards metal ions depending on the pH of the reaction medium and the metal 

ion. 

 Sinha et al. 

bases derived from the c

with different L-amino acids (histidine, glutamic acid, aspartic acid, leucine, 

valine) as well as with some amino phenols and characterized by various 

spectroscopic methods (IR, MS, 

carboxaldehyde were labeled wit

above 97% which is ascertained by instant thin layer chromatography using 

different solvent conditions. Excellent quality radio images of tumor bearing 

mice (Figure 2.25) were recorded showing rapid clearance of backgro

activity, visualization of tumor at 3 h and clearance from kidneys of histidine 

analogue which was further evidenced in bio distribution studies. 

Antimicrobial activity of these Schiff base compounds was evaluated against 

Bacillus subtilis, Pseudomonas

Aspergillus niger, Candida albicans and Trichophyton rubrum.

 

geometry. They have also reported that all the metal complexes are thermally 

ood antimicrobial activity.The complexes also exhibited 

effective DNA cleavage via hydrolytic mechanistic path way. 

 (2010) have reported that the metal complexes prepared 

by the reaction between 2-hydroxy-5-nitrobenzaldehyde and 

2yl-imino-1-2-hydroxy phenylbutan-1-one dissolved in 

chloroform were found to be biologically more active against gram positive 

bacteria and gram negative bacteria.The also investigated that the Schiff base 

ligand behaves as versatile chelating agent exhibiting variable denticity 

towards metal ions depending on the pH of the reaction medium and the metal 

 (2008) have synthesized eight novel heterocyclic Schiff 

bases derived from the condensation reactions of indole-3-carboxaldehyde 

amino acids (histidine, glutamic acid, aspartic acid, leucine, 

valine) as well as with some amino phenols and characterized by various 

spectroscopic methods (IR, MS, 1HNMR). Schiff base derivatives of indole 3

carboxaldehyde were labeled with 99mTc and radiochemical purity was 

above 97% which is ascertained by instant thin layer chromatography using 

different solvent conditions. Excellent quality radio images of tumor bearing 

mice (Figure 2.25) were recorded showing rapid clearance of backgro

activity, visualization of tumor at 3 h and clearance from kidneys of histidine 

analogue which was further evidenced in bio distribution studies. 

Antimicrobial activity of these Schiff base compounds was evaluated against 

Bacillus subtilis, Pseudomonas fluorescence, Staphylococcus aureus, 

Aspergillus niger, Candida albicans and Trichophyton rubrum. 
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geometry. They have also reported that all the metal complexes are thermally 

ood antimicrobial activity.The complexes also exhibited 

have reported that the metal complexes prepared 

nitrobenzaldehyde and  

one dissolved in 

chloroform were found to be biologically more active against gram positive 

bacteria and gram negative bacteria.The also investigated that the Schiff base 

exhibiting variable denticity 

towards metal ions depending on the pH of the reaction medium and the metal 

have synthesized eight novel heterocyclic Schiff 

carboxaldehyde 

amino acids (histidine, glutamic acid, aspartic acid, leucine, 

valine) as well as with some amino phenols and characterized by various 

HNMR). Schiff base derivatives of indole 3-

h 99mTc and radiochemical purity was 

above 97% which is ascertained by instant thin layer chromatography using 

different solvent conditions. Excellent quality radio images of tumor bearing 

mice (Figure 2.25) were recorded showing rapid clearance of background 

activity, visualization of tumor at 3 h and clearance from kidneys of histidine 

analogue which was further evidenced in bio distribution studies. 

Antimicrobial activity of these Schiff base compounds was evaluated against 

fluorescence, Staphylococcus aureus, 

 



 

Figure 2.25 Schematic representation of Tumor imaging of histidine 
analogues 

 Ispir (2009)

reaction between p-aminoazobenzene and salicylaldehyde, 2,4

benzaldehyde and 2,3,4

complexes are formed by the coordination of the N and O atoms of the 

ligands.They also investig

activity and the ligands do not have any activity against same microorganisms 

under identical experimental conditions. 

 Raman et al.

condensation reaction of 3

with diethyl oxalate and from this the complexes were prepared.They have 

reported that these complexes bind to CT DNA through a partial non classical 

intercalative mode and these complexes behave as efficient arti

nucleases.Moreover the antibacterial and antifungal studies reveal that 

complex 1 is highly active against the bacterial and fungal growth. 

2.1.7  Review on 

Complexes

Ashassi-Sorkhabi et al.

pyridiminic Schiff bases, benzilidene pyrimidine

 

Schematic representation of Tumor imaging of histidine 
analogues in mice (Sinha et al. (2008) 

(2009) has prepared three novel shiff base ligands by the 

aminoazobenzene and salicylaldehyde, 2,4

nzaldehyde and 2,3,4-trihydroxybenzaldehyde and reported that Co and Cu 

complexes are formed by the coordination of the N and O atoms of the 

ligands.They also investigated that the synthesized complexes show more 

activity and the ligands do not have any activity against same microorganisms 

under identical experimental conditions.  

et al. (2011d) have synthesized a new ligand by the 

densation reaction of 3-hydroxy-4-nitrobenzaldehydene phenyl hydrazine 

with diethyl oxalate and from this the complexes were prepared.They have 

reported that these complexes bind to CT DNA through a partial non classical 

intercalative mode and these complexes behave as efficient arti

nucleases.Moreover the antibacterial and antifungal studies reveal that 

complex 1 is highly active against the bacterial and fungal growth. 

Review on Corrosion Inhibiting Activity of Schiff base 

Complexes 

et al. (2005) determined the inhibition efficiency of 

pyridiminic Schiff bases, benzilidene pyrimidine-2-yl-amine, (4
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Schematic representation of Tumor imaging of histidine 

e ligands by the 

aminoazobenzene and salicylaldehyde, 2,4-dihydroxy 

benzaldehyde and reported that Co and Cu 

complexes are formed by the coordination of the N and O atoms of the 

ated that the synthesized complexes show more 

activity and the ligands do not have any activity against same microorganisms 

have synthesized a new ligand by the 

nitrobenzaldehydene phenyl hydrazine 

with diethyl oxalate and from this the complexes were prepared.They have 

reported that these complexes bind to CT DNA through a partial non classical 

intercalative mode and these complexes behave as efficient artificial chemical 

nucleases.Moreover the antibacterial and antifungal studies reveal that 

complex 1 is highly active against the bacterial and fungal growth.  

of Schiff base 

determined the inhibition efficiency of 

amine, (4-methyl-



 

benzilidene)–pyrimidine

yl-amine towards mild steel in 1M HCl medium by weight loss and 

electrochemical polarization methods. These results reveal that these 

compounds act as good corrosion inhibitors even at very low concentrations 

and the adsorption followed is Langmuir isotherm.

 El-Rehim et a

the corrosion inhibition of MS in 2M HCl using weight loss, potentiodynamic 

polarization and EIS methods. The results showed that AAP is an inhibitor for 

MS and the inhibition was assumed to take place vi

inhibitor molecule on the metal surface.

 The influence of pyridinium chloride (PC) and n

pyridinium chloride (HDPC) on the corrosion of MS in 5N HCl and 5N 

H2SO4 has been studied using weight loss, gasometric, linear polariz

potentiodynamic polarization, and small amplitud

techniques. It was found that HDPC is more inhibitive than PC and both 

compounds perform better in H

 The corrosion inhibition on SS 400 by Schiff base compounds 

derived from diamines and o

investigated by weight loss, electrochemical measurements and surface 

analysis in various aqueous solutions such as tap water, concentrated tap 

water and HCl solutions by Shokry. It was found that 93% in

efficiency was achieved for N,N

and adsorption obeyed Langmuir isotherm 

 Dadgarnezhad 

base, bis–(2-hydroxy

corrosion inhibition on carbon steel in 1M HCl and 0.5M H

polarization curves and weight loss techniques. Potentiodynamic polarization 

pyrimidine-2-yl-amine, (4-choloro-benzilydene)–

amine towards mild steel in 1M HCl medium by weight loss and 

trochemical polarization methods. These results reveal that these 

compounds act as good corrosion inhibitors even at very low concentrations 

and the adsorption followed is Langmuir isotherm. 

et al. (1999) have tested 4-amino antipyrine (AAP) for 

the corrosion inhibition of MS in 2M HCl using weight loss, potentiodynamic 

polarization and EIS methods. The results showed that AAP is an inhibitor for 

MS and the inhibition was assumed to take place via adsorption of the 

inhibitor molecule on the metal surface. 

The influence of pyridinium chloride (PC) and n

pyridinium chloride (HDPC) on the corrosion of MS in 5N HCl and 5N 

has been studied using weight loss, gasometric, linear polariz

potentiodynamic polarization, and small amplitude cyclic voltametric 

. It was found that HDPC is more inhibitive than PC and both 

compounds perform better in H2SO4(Vasudevan et al. 1998).  

The corrosion inhibition on SS 400 by Schiff base compounds 

mines and o-hydroxy, o-methoxy aromatic aldehyde was 

investigated by weight loss, electrochemical measurements and surface 

analysis in various aqueous solutions such as tap water, concentrated tap 

water and HCl solutions by Shokry. It was found that 93% in

efficiency was achieved for N,N′-bis(salicyladehyde)- 1,12-diaminododecane 

and adsorption obeyed Langmuir isotherm (Shokry et al. 1998) 

Dadgarnezhad et al. (2004) synthesised new tetradendate Schif

hydroxy-1-naphthaldehyde)1, 6-hexadiamine and studied its 

corrosion inhibition on carbon steel in 1M HCl and 0.5M H2S

polarization curves and weight loss techniques. Potentiodynamic polarization 
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–pyrimidine-2-

amine towards mild steel in 1M HCl medium by weight loss and 

trochemical polarization methods. These results reveal that these 

compounds act as good corrosion inhibitors even at very low concentrations 

antipyrine (AAP) for 

the corrosion inhibition of MS in 2M HCl using weight loss, potentiodynamic 

polarization and EIS methods. The results showed that AAP is an inhibitor for 

a adsorption of the 

The influence of pyridinium chloride (PC) and n-hexa decyl 

pyridinium chloride (HDPC) on the corrosion of MS in 5N HCl and 5N 

has been studied using weight loss, gasometric, linear polarization, 

e cyclic voltametric 

. It was found that HDPC is more inhibitive than PC and both 

The corrosion inhibition on SS 400 by Schiff base compounds 

methoxy aromatic aldehyde was 

investigated by weight loss, electrochemical measurements and surface 

analysis in various aqueous solutions such as tap water, concentrated tap 

water and HCl solutions by Shokry. It was found that 93% inhibition 

diaminododecane 

 .  

synthesised new tetradendate Schiff 

hexadiamine and studied its 

SO4 using EIS, 

polarization curves and weight loss techniques. Potentiodynamic polarization 



 

tests showed that this inhibitor act as both cathodic and anodic inhibitor and 

efficiency of 95% was achieved for a 100 ppm concentration. 

 The inhibitor effect of 

2-hydroxy-1,3-propanediamine and N,N'

hydroxy-1,3-propane diimine on MS in 2M HCl medium were studied using 

weight loss, polarization and impedance methods. The results revealed

the latter Schiff base showed better inhibition property than the former one 

and both the inhibitors appear to function through the Langmuir adsorption 

isotherm (Emregül et al.

 Ashassi-Sorkhabi

inhibition studies on MS in 1M HCl medium using the

benzylidine-pyridine-2

chloro-benzidiline)-pyridine

electrochemical methods. Results showed that these compounds were 

excellent inhibitors and inhi

inhibitor concentration and varied with the type of functional groups 

substituted on benzene ring. The polarization curves reveal that compounds 

are mixed type inhibitors and experimentally obtained adsorption i

follow the Langmuir equation.

 The inhibition efficiency of Schiff bases containing hetero aromatic 

substituents on carbon steel in 0.1 M HCl, using potentiodynamic polarization 

and EIS studies have been carried out by Yurt 

studies reveal that studied Schiff bases act as anodic inhibitors. The variation 

of inhibition efficiency mainly depends on the type and nature of the 

substituents present in the inhibitor molecule and these compounds are 

adsorbed on the steel surface

tests showed that this inhibitor act as both cathodic and anodic inhibitor and 

efficiency of 95% was achieved for a 100 ppm concentration.  

The inhibitor effect of Schiff base compounds N,N'-bis

propanediamine and N,N'-bis-(2-hydroxyacetophenlidene)

propane diimine on MS in 2M HCl medium were studied using 

weight loss, polarization and impedance methods. The results revealed

the latter Schiff base showed better inhibition property than the former one 

and both the inhibitors appear to function through the Langmuir adsorption 

et al. 2005). 

Sorkhabiet al. (2005) have carried out the corrosion 

inhibition studies on MS in 1M HCl medium using the

2-ylamine, (4-benzylidene)-pyridine-2-yl-

pyridine-2-yl-amine by weight loss measurements and 

chemical methods. Results showed that these compounds were 

excellent inhibitors and inhibition efficiency increased with increase in 

inhibitor concentration and varied with the type of functional groups 

substituted on benzene ring. The polarization curves reveal that compounds 

are mixed type inhibitors and experimentally obtained adsorption i

follow the Langmuir equation. 

The inhibition efficiency of Schiff bases containing hetero aromatic 

substituents on carbon steel in 0.1 M HCl, using potentiodynamic polarization 

and EIS studies have been carried out by Yurt et al. (2004)

studies reveal that studied Schiff bases act as anodic inhibitors. The variation 

of inhibition efficiency mainly depends on the type and nature of the 

substituents present in the inhibitor molecule and these compounds are 

adsorbed on the steel surface and the adsorption obeys Temkin’s isotherm. 
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tests showed that this inhibitor act as both cathodic and anodic inhibitor and 

bis-(salicylidene)-

hydroxyacetophenlidene)-2-

propane diimine on MS in 2M HCl medium were studied using 

weight loss, polarization and impedance methods. The results revealed that 

the latter Schiff base showed better inhibition property than the former one 

and both the inhibitors appear to function through the Langmuir adsorption 

have carried out the corrosion 

inhibition studies on MS in 1M HCl medium using the Schiff bases 

-amine and (4-

t loss measurements and 

chemical methods. Results showed that these compounds were 

bition efficiency increased with increase in 

inhibitor concentration and varied with the type of functional groups 

substituted on benzene ring. The polarization curves reveal that compounds 

are mixed type inhibitors and experimentally obtained adsorption isotherms 

The inhibition efficiency of Schiff bases containing hetero aromatic 

substituents on carbon steel in 0.1 M HCl, using potentiodynamic polarization 

(2004). Polarization 

studies reveal that studied Schiff bases act as anodic inhibitors. The variation 

of inhibition efficiency mainly depends on the type and nature of the 

substituents present in the inhibitor molecule and these compounds are 

and the adsorption obeys Temkin’s isotherm.  



 

 Desai et al.

inhibitors for mild steel

methods. Polarization data indicate that all these compounds act as 

predominantly cathodic inhibitors.

 Quraishi & 

5-mercapto-3-butyl-4-

-4-benzilidineiminio-1,2,4

cinnamylidineimino-1,2,4

inhibition capacity on MS in 1N HCl and 1N H

potentiodynamic polarization techniques. Inhibition efficiency was found to 

vary with respect to temperature, concentration and 

adsorption of these compounds on the steel surface for both acids was found 

to obey Temkin’s adsorption isotherm.

 Bansiwal et al.

methods to study the inhibition of aluminum corrosion in HC

four Schiff bases such as 2

2-salicylidinepyridine, 2

effective inhibitors for the corrosion of aluminum in HCl

 The corrosion inhibition o

thiadiazole- 2,5-dithiol(bismuthiol) using potentiodynamic polarization 

technique has been reported. It was found that bismuthiol was chemically 

adsorbed on the copper surface and follows Langmuir isotherm 

2003).  

 Li et al. (1998) 

phenylen-bis(3-methoxy

HCl and NaCl solutions using potentiostatic polarization and EIS techniques. 

et al. (1986) studied seven Schiff bases as corrosion 

inhibitors for mild steel in HCl solutions by weight loss and electrochemical 

methods. Polarization data indicate that all these compounds act as 

dominantly cathodic inhibitors. 

 Sardar (2004) have synthesised organic compounds like 

-salicylidine-1,2,4-triazole (MBST), 5-mercapto

1,2,4-triazole (MBBT) and 5-mercapto

1,2,4-triazole (MBCT) and investigated their corrosion 

inhibition capacity on MS in 1N HCl and 1N H2SO4 by weight loss and 

potentiodynamic polarization techniques. Inhibition efficiency was found to 

vary with respect to temperature, concentration and immersion time. The 

adsorption of these compounds on the steel surface for both acids was found 

to obey Temkin’s adsorption isotherm. 

et al. (2000) conducted weight loss and thermometric 

methods to study the inhibition of aluminum corrosion in HC

four Schiff bases such as 2-anisalidine-pyridine, 2-anisalidine

salicylidinepyridine, 2-salicylidine-pyrimidine and have shown that they are 

effective inhibitors for the corrosion of aluminum in HCl. 

The corrosion inhibition of copper in 0.5 M HCl by 1,3,4

dithiol(bismuthiol) using potentiodynamic polarization 

technique has been reported. It was found that bismuthiol was chemically 

adsorbed on the copper surface and follows Langmuir isotherm 

(1998) examined inhibiting effect of Schiff base N, N'

methoxysalicyaldenimine) on corrosion of copper in 1.0 M 

HCl and NaCl solutions using potentiostatic polarization and EIS techniques. 
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s as corrosion 

in HCl solutions by weight loss and electrochemical 

methods. Polarization data indicate that all these compounds act as 

sised organic compounds like 

mercapto-3-butyl 

mercapto-3-butyl-4-

(MBCT) and investigated their corrosion 

by weight loss and 

potentiodynamic polarization techniques. Inhibition efficiency was found to 

immersion time. The 

adsorption of these compounds on the steel surface for both acids was found 

conducted weight loss and thermometric 

methods to study the inhibition of aluminum corrosion in HCl solution by 

anisalidine-pyrimidine,  

pyrimidine and have shown that they are 

f copper in 0.5 M HCl by 1,3,4-

dithiol(bismuthiol) using potentiodynamic polarization 

technique has been reported. It was found that bismuthiol was chemically 

adsorbed on the copper surface and follows Langmuir isotherm (Baeza et al. 

examined inhibiting effect of Schiff base N, N'-O-

salicyaldenimine) on corrosion of copper in 1.0 M 

HCl and NaCl solutions using potentiostatic polarization and EIS techniques. 



 

The results show a remarkable decrease in the corrosion rate in the presence 

of Schiff base. 

 Corrosion inhi

Wurmbextract and 1,5 Diphenylcarbazone

& Oforka (2004) usingweight loss technique. Maximum inhibition efficiency 

was obtained at anoptimum concentration. 

 Hosseini et

inhibition efficiency of Schiff bases N,N'

acetyl acetoneimine) and N,N'

napthaldimine) on MS in 0.5M H

techniques. These compounds achieved 95% efficiency at a concentration of 

400 ppm and identified both compounds as good inhibitors

2.2  SCOPE OF THE PRESENT WORK

 The literature survey clearly shows that Schiff base complexes of 

transition metal ions have immense applications in diverse fields. The aim of 

the present study is to synthesise polydentate Schiff base ligands having 

remarkable structural features, and their stable metal chelates with transition 

metal ions. These complexes can have very 

DNA binding ability and they act as good corrosion inhibitors. In this 

investigation isatin and amino acids have been taken as primary and 

secondary ligands to synthesise variety of Schiff base complexes with 

transition metal ions. The 3d transition metal ions, particularly cobalt(II), 

nickel(II), copper(II) and zinc(II) are of great significance in the physiological 

system. Further, the amino acids are also very essential in biological 

activities.  We understand from the surv

the works carried out using isatin and amino acids are few, particularly, no 

work has been reported on Schiff bases derived from isatin and aspartic acid, 

The results show a remarkable decrease in the corrosion rate in the presence 

Corrosion inhibition of zinc on HCl using Nypa Fruticans 

extract and 1,5 Diphenylcarbazone were tested by Orubite

usingweight loss technique. Maximum inhibition efficiency 

was obtained at anoptimum concentration.  

et al. (2003) have synthesised and studied corrosion 

inhibition efficiency of Schiff bases N,N'-ortho-phenylene (salicylaldimine

acetyl acetoneimine) and N,N'-ortho-phenylene (salicylaldimine

napthaldimine) on MS in 0.5M H2SO4 using weight loss, polarization 

techniques. These compounds achieved 95% efficiency at a concentration of 

400 ppm and identified both compounds as good inhibitors. 

SCOPE OF THE PRESENT WORK 

The literature survey clearly shows that Schiff base complexes of 

ons have immense applications in diverse fields. The aim of 

the present study is to synthesise polydentate Schiff base ligands having 

remarkable structural features, and their stable metal chelates with transition 

metal ions. These complexes can have very good antimicrobial activities, 

DNA binding ability and they act as good corrosion inhibitors. In this 

investigation isatin and amino acids have been taken as primary and 

secondary ligands to synthesise variety of Schiff base complexes with 

ions. The 3d transition metal ions, particularly cobalt(II), 

nickel(II), copper(II) and zinc(II) are of great significance in the physiological 

system. Further, the amino acids are also very essential in biological 

activities.  We understand from the survey of recently published papers, that 

the works carried out using isatin and amino acids are few, particularly, no 

work has been reported on Schiff bases derived from isatin and aspartic acid, 
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The results show a remarkable decrease in the corrosion rate in the presence 
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rubite-Okorosaye 

usingweight loss technique. Maximum inhibition efficiency 

ave synthesised and studied corrosion 

phenylene (salicylaldimine-

phenylene (salicylaldimine-2-hydroxy-1-

using weight loss, polarization and EIS 

techniques. These compounds achieved 95% efficiency at a concentration of 

The literature survey clearly shows that Schiff base complexes of 

ons have immense applications in diverse fields. The aim of 

the present study is to synthesise polydentate Schiff base ligands having 

remarkable structural features, and their stable metal chelates with transition 

good antimicrobial activities, 

DNA binding ability and they act as good corrosion inhibitors. In this 

investigation isatin and amino acids have been taken as primary and 

secondary ligands to synthesise variety of Schiff base complexes with 

ions. The 3d transition metal ions, particularly cobalt(II), 

nickel(II), copper(II) and zinc(II) are of great significance in the physiological 

system. Further, the amino acids are also very essential in biological 

ey of recently published papers, that 

the works carried out using isatin and amino acids are few, particularly, no 

work has been reported on Schiff bases derived from isatin and aspartic acid, 



 

methionine and thiosemicarbazide. These facts motivated us to t

present study. Three different Schiff base ligands, viz. isatin

isatin-methionine and isatin

Co(II), Ni(II), Cu(II) and Zn(II) have been synthesised and characterised 

using different techniques as described later. Some of their applications were 

also studied. The synthesised complexes were tested against bacteria and 

fungi to study their antimicrobial activities. The DNA binding of the 

synthesised Schiff base complexes have been studied 

therapeutic applications. Prevention of corrosion of aluminum in HCl has 

been a subject of numerous studies due to the high technological value and 

wide range of industrial and house hold applications of aluminium and these 

ligands were employed to control its corrosion in HCl.

 The scope of the present work is described as follows.

• Synthesis of three Schiff base ligands, namely

a) Isatin(A)

b) Isatin(A)

c) Isatin(A)

•  Synthes

1. [Co(AB)Cl]

2. [Ni(AB)Cl]

3. [Cu(AB)Cl]

4. [Zn(AB)Cl]

5. [Co(AC)Cl]

6. [Ni(AC)Cl]

7. [Cu(AC)Cl]

methionine and thiosemicarbazide. These facts motivated us to t

Three different Schiff base ligands, viz. isatin

methionine and isatin-thiosemicarbazide, and their complexes with  

Co(II), Ni(II), Cu(II) and Zn(II) have been synthesised and characterised 

chniques as described later. Some of their applications were 

also studied. The synthesised complexes were tested against bacteria and 

fungi to study their antimicrobial activities. The DNA binding of the 

synthesised Schiff base complexes have been studied for the purpose of 

therapeutic applications. Prevention of corrosion of aluminum in HCl has 

been a subject of numerous studies due to the high technological value and 

wide range of industrial and house hold applications of aluminium and these 

employed to control its corrosion in HCl. 

The scope of the present work is described as follows.

Synthesis of three Schiff base ligands, namely 

Isatin(A)-Aspartic acid(B) - (AB) 

Isatin(A)-Methionine(C) - (AC) 

Isatin(A)-Thiosemicarbazide(D) - (AD) 

ynthesis of the following Schiff base complexes

[Co(AB)Cl] 

[Ni(AB)Cl]  

[Cu(AB)Cl] 

[Zn(AB)Cl]  

[Co(AC)Cl] 

[Ni(AC)Cl]  

[Cu(AC)Cl] 

55 

 

methionine and thiosemicarbazide. These facts motivated us to take up the 

Three different Schiff base ligands, viz. isatin-aspartic acid, 

thiosemicarbazide, and their complexes with  

Co(II), Ni(II), Cu(II) and Zn(II) have been synthesised and characterised 

chniques as described later. Some of their applications were 

also studied. The synthesised complexes were tested against bacteria and 

fungi to study their antimicrobial activities. The DNA binding of the 

for the purpose of 

therapeutic applications. Prevention of corrosion of aluminum in HCl has 

been a subject of numerous studies due to the high technological value and 

wide range of industrial and house hold applications of aluminium and these 

The scope of the present work is described as follows. 

is of the following Schiff base complexes 



 

8. [Zn(AC)Cl]

9. [Co(AD)Cl]

10. [Ni(AD)Cl]

11. [Cu(AD)Cl]

12. [Zn(AD)Cl]

•  Characterisation of Schiff base ligands and complexes by

1. Elemental analysis

2. 13C N

3. FT-IR spectroscopy

4. UV-Visible spectroscopy

5. Magnetic moment study

6. Molar Conductance

7. Powder XRD

8. ESR spectroscopy

• Study of thermal behavior of the Schiff base ligands and 

complexes.

• Study of fluorescence properties of the Schiff base complexe

by Emission spectroscopy.

• Study of electrochemical behavior of the Schiff base complexes 

by cyclic voltammetry.

• Study of DNA binding properties of the Schiff base complexes.

• Study of corrosion inhibition activity of the Schiff base ligands.

• Study of anti

complexes. 

[Zn(AC)Cl] 

[Co(AD)Cl] 

[Ni(AD)Cl]  

[Cu(AD)Cl] 

[Zn(AD)Cl]  

Characterisation of Schiff base ligands and complexes by

Elemental analysis 

NMR spectroscopy  

IR spectroscopy 

Visible spectroscopy 

Magnetic moment study 

Molar Conductance 

Powder XRD 

ESR spectroscopy 

Study of thermal behavior of the Schiff base ligands and 

complexes. 

Study of fluorescence properties of the Schiff base complexe

by Emission spectroscopy. 

Study of electrochemical behavior of the Schiff base complexes 

by cyclic voltammetry. 

Study of DNA binding properties of the Schiff base complexes.

Study of corrosion inhibition activity of the Schiff base ligands.

Study of antimicrobial activity of the Schiff base ligands and 

complexes.  
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Characterisation of Schiff base ligands and complexes by 

Study of thermal behavior of the Schiff base ligands and 

Study of fluorescence properties of the Schiff base complexes 

Study of electrochemical behavior of the Schiff base complexes 

Study of DNA binding properties of the Schiff base complexes. 

Study of corrosion inhibition activity of the Schiff base ligands. 

microbial activity of the Schiff base ligands and 



 

 This study is expected to throw light on the synthesis of new type 

of Schiff base ligands and complexes derived from heterocyclic compounds 

and as follows. An attempt also will be made to study

different fields like medicine, electro chemical studies and corrosion 

inhibition. 

i) The Schiff base ligand (AB) and its Co(II), Ni(II), Cu(II) and 

Zn(II) complexes are synthesised.

Figure 2.26 Schematic representation for the synthe
complexes

ii)  The Schiff base ligand (AC) and its Co(II), Ni(II), Cu(II) and 

Zn(II) complexes are synthesised.

 

 

This study is expected to throw light on the synthesis of new type 

of Schiff base ligands and complexes derived from heterocyclic compounds 

and as follows. An attempt also will be made to study their applications in 

different fields like medicine, electro chemical studies and corrosion 

The Schiff base ligand (AB) and its Co(II), Ni(II), Cu(II) and 

Zn(II) complexes are synthesised. 

Schematic representation for the synthesis of AB and its 
complexes 

The Schiff base ligand (AC) and its Co(II), Ni(II), Cu(II) and 

Zn(II) complexes are synthesised. 
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This study is expected to throw light on the synthesis of new type 

of Schiff base ligands and complexes derived from heterocyclic compounds 

their applications in 

different fields like medicine, electro chemical studies and corrosion 

The Schiff base ligand (AB) and its Co(II), Ni(II), Cu(II) and 

 

sis of AB and its 

The Schiff base ligand (AC) and its Co(II), Ni(II), Cu(II) and 



 

Figure 2.27 Schematic representation for the synthesis of AC and its 
complexes

iii)  The Schiff base ligand (AD) and its Co(II), Ni(I

Zn(II) complexes are synthesised.

Figure 2.28 Schematic representation for the synthesis of AD and its 
complexes

Schematic representation for the synthesis of AC and its 
complexes 

The Schiff base ligand (AD) and its Co(II), Ni(I

Zn(II) complexes are synthesised. 

Schematic representation for the synthesis of AD and its 
complexes 
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Schematic representation for the synthesis of AC and its 

The Schiff base ligand (AD) and its Co(II), Ni(II), Cu(II) and 

 

Schematic representation for the synthesis of AD and its 



 

 

MATERIALS AND METHODS 

 This chapter provides details about the materials used, synthesis of 

Schiff base, synthesis of complexes, various physico

techniques used. 

3.1  MATERIALS USED

 The metal salts used for the synthesis of complexes 

Chloride hexahydrate,

dihydrate, and Zinc(II) Chloride were purchased from Merck, India

amino acids L-aspartic acid andL

analar, India Private Limited. Isat

and sodium hydroxide were purchased from Merck

solvents methanol and dimethyl sulphoxide were also purchased from Merck

India. CT DNA (calf thymus

(India).All the other reagents were of A

they  were purified by kn

1989) . 

3.2  SYNTHESIS OF LIGAND

3.2.1  Synthesis of 

 A solution of 1 mmol of isatin in 30 mL methanol was added to

solution of 1 mmol of 

CHAPTER 3 

MATERIALS AND METHODS  

 

This chapter provides details about the materials used, synthesis of 

s of complexes, various physico-chemical and analytical 

MATERIALS USED  

The metal salts used for the synthesis of complexes 

, Nickel(II) Chloride hexahydrate, Copper

(II) Chloride were purchased from Merck, India

aspartic acid andL-methionine were purchased from Himedia, 

analar, India Private Limited. Isatin (1H–Indole-2,3-dione), thiosemicarbazide

and sodium hydroxide were purchased from Merck, India.The important 

solvents methanol and dimethyl sulphoxide were also purchased from Merck

CT DNA (calf thymus DNA) was purchased from Bangalore Genei 

All the other reagents were of AnalaR grade and have 99% purity or 

they  were purified by known procedures (Armarego &Chai 2013

SYNTHESIS OF LIGAND  

Synthesis of Schiff base Ligand (AB) 

A solution of 1 mmol of isatin in 30 mL methanol was added to

solution of 1 mmol of L-aspartic acid in aqueous - methanol mixture and the 

59 

 

This chapter provides details about the materials used, synthesis of 

chemical and analytical 

The metal salts used for the synthesis of complexes are Cobalt (II) 

I) Chloride hexahydrate, Copper(II) Chloride 

(II) Chloride were purchased from Merck, India.The 

methionine were purchased from Himedia, 

, thiosemicarbazide 

.The important 

solvents methanol and dimethyl sulphoxide were also purchased from Merck, 

) was purchased from Bangalore Genei 

grade and have 99% purity or 

Chai 2013,Furniss 

A solution of 1 mmol of isatin in 30 mL methanol was added to a 

methanol mixture and the 



 

reaction mixture was 

obtained solid was filtered, 

65%) (Antony et al. 2013a)

3.2.2 Synthesis of 

 A solution of 1 mmol of isatin in 30 mL methanol was added to a 

solution of 1 mmol of L

reaction mixture was stirred for 2 h equipped with magnetic stirrer. The 

obtained solid was filtered, washed with methanol and dried in vacuum

68%) (Antony et al. 2013a)

3.2.3  Synthesis of 

 A solution of 1 mmol of isatin in 30 mL methanol was added to a 

solution of 1 mmol of thiosemicarbazide in

mixture was stirred for 2 h equipped with magnetic stirrer. The obtained solid 

was filtered, washed with methanol and dried in vacuum

(Antony et al. 2013a).

3.3  SYNTHESIS OF COMPLEXES

 A solution of the liga

refluxed in a round bottom flask followed by dropwise addition of methanolic 

solution of (1 mmol) metal salt 

ZnCl2. The reaction mixture was refluxed for 8 h leading to the formatio

coloured solid product. 

thoroughly with methanol, ether and finally dried in vacuum

2013a). 

 

reaction mixture was stirred for 2 h equipped with magnetic stirrer

obtained solid was filtered, washed with methanol and dried in vacuum

65%) (Antony et al. 2013a).  

Synthesis of Schiff base Ligand (AC) 

A solution of 1 mmol of isatin in 30 mL methanol was added to a 

solution of 1 mmol of L-methionine in aqueous - methanol mixture and the 

reaction mixture was stirred for 2 h equipped with magnetic stirrer. The 

obtained solid was filtered, washed with methanol and dried in vacuum

68%) (Antony et al. 2013a). 

Synthesis of Schiff base Ligand (AD) 

A solution of 1 mmol of isatin in 30 mL methanol was added to a 

solution of 1 mmol of thiosemicarbazide in methanol solution and the reaction 

mixture was stirred for 2 h equipped with magnetic stirrer. The obtained solid 

was filtered, washed with methanol and dried in vacuum

. 

SYNTHESIS OF COMPLEXES 

A solution of the ligand (1 mmol) dissolved in methanol was 

refluxed in a round bottom flask followed by dropwise addition of methanolic 

solution of (1 mmol) metal salt CoCl2·6H2O/NiCl2·6H2O/CuCl

. The reaction mixture was refluxed for 8 h leading to the formatio

red solid product. The separated complex was filtered, washed 

thoroughly with methanol, ether and finally dried in vacuum 
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equipped with magnetic stirrer. The 

washed with methanol and dried in vacuum (Yield 

A solution of 1 mmol of isatin in 30 mL methanol was added to a 

methanol mixture and the 

reaction mixture was stirred for 2 h equipped with magnetic stirrer. The 

obtained solid was filtered, washed with methanol and dried in vacuum (Yield 

A solution of 1 mmol of isatin in 30 mL methanol was added to a 

methanol solution and the reaction 

mixture was stirred for 2 h equipped with magnetic stirrer. The obtained solid 

was filtered, washed with methanol and dried in vacuum (Yield 72%) 

nd (1 mmol) dissolved in methanol was 

refluxed in a round bottom flask followed by dropwise addition of methanolic 

O/CuCl2·2H2O and 

. The reaction mixture was refluxed for 8 h leading to the formation of 

The separated complex was filtered, washed 

 (Antony et al. 



 

3.4 PURITY OF SCHIFF BASES

       The purity of Schiff bases & its complexes was checked

layer chromatography on silica gel plate using ether and ethyl acetate as a 

solvent system. Also the purity was confirmed by the sharp melting point 

obtained for the synthesised compounds.

3.5  CHARACTERISATION TECHNIQUES

3.5.1  Elemental Analysis

 The microanalytical data (C

and complexes were obtained from sophisticated Carlo Erba 1108 elemental 

analyser.The results give an idea about the ligands and the complexes

(Antony et al. 2013b).

3.5.2  Estimation of 

 The procedure adopted for the estimation of metal ions in the case 

of all complexes is as follows.A kno

was taken and treated wi

concentrated nitric acid (10ml)

(5ml ,60%) was added. This mixture was kept aside until the colour of the 

solution changes to the colour of the metal salt. The clear solution thus 

obtained was evaporated to dryness in a water bath. After co

concentrated nitric acid (

to dryness in a water bath. The residue was dissolved in water and used for 

the estimation of metals. The estimation of metals was carried out on a thermo 

electron corporation, M series Atomic Absorption Spectrophotometer

(Antony et al. 2013b).

 

OF SCHIFF BASES & COMPLEXES 

purity of Schiff bases & its complexes was checked

layer chromatography on silica gel plate using ether and ethyl acetate as a 

solvent system. Also the purity was confirmed by the sharp melting point 

obtained for the synthesised compounds. 

CHARACTERISATION TECHNIQUES  

Analysis 

The microanalytical data (C, H and N) of the synthesized ligands 

and complexes were obtained from sophisticated Carlo Erba 1108 elemental 

analyser.The results give an idea about the ligands and the complexes

. 

Estimation of Metal Ions 

The procedure adopted for the estimation of metal ions in the case 

of all complexes is as follows.A known weight of the metal complex (0.2g) 

was taken and treated with concentrated sulphuric acid (5ml

concentrated nitric acid (10ml).After the reaction has subsided perchloric acid 

was added. This mixture was kept aside until the colour of the 

solution changes to the colour of the metal salt. The clear solution thus 

obtained was evaporated to dryness in a water bath. After co

cid (15ml) was again added and it was again evaporated 

to dryness in a water bath. The residue was dissolved in water and used for 

the estimation of metals. The estimation of metals was carried out on a thermo 

n, M series Atomic Absorption Spectrophotometer

. 
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purity of Schiff bases & its complexes was checked by thin 

layer chromatography on silica gel plate using ether and ethyl acetate as a 

solvent system. Also the purity was confirmed by the sharp melting point 

of the synthesized ligands 

and complexes were obtained from sophisticated Carlo Erba 1108 elemental 

analyser.The results give an idea about the ligands and the complexes 

The procedure adopted for the estimation of metal ions in the case 

wn weight of the metal complex (0.2g) 

5ml) followed by 

ided perchloric acid 

was added. This mixture was kept aside until the colour of the 

solution changes to the colour of the metal salt. The clear solution thus 

obtained was evaporated to dryness in a water bath. After cooling 

was again added and it was again evaporated 

to dryness in a water bath. The residue was dissolved in water and used for 

the estimation of metals. The estimation of metals was carried out on a thermo 

n, M series Atomic Absorption Spectrophotometer 



 

3.5.3  Estimation of Chloride

 Chloride present in the complex was converted into soluble 

chlorides by the peroxide fusion. An i

sodiumcarbonate (3g)

crucible for 2 hours. It was then titrated with concentrated nitric acid. 

Chloride was then volumetrically determined by volhard’s method 

1911). Chloride was precipitated as silver chloride by the addition of a known 

volume of standard silver nitrate solution. The excess silver nitrate was then 

titrated against standard ammonium thio cyanate solution using fe

indicator. 

3.5.4  13C NMR Spectra

 Nuclear magnetic resonance spectroscopy

as NMR spectroscopy

properties of certain atomic nuclei

properties of atoms or the 

the phenomenon of nuclear magnetic resonance

information about the structure, dynamics, reaction state and chemical 

environment of molecules. The intramolecular magnetic field around an atom 

in a molecule changes the resonance frequency, thus giving access to details 

of the electronic structure of a molecule

Bruker DRX-500 MHz, AVANCE spectrometer at ambient temperature in 

DMSO-d6 using TMS as internal standard

3.5.5  Infrared Spectra

 FT-IR spectroscopy is a simple and reliable tech

in both organic and inorganic chemistry, in research and industry. It provides 

information about the functional groups of the ligands and coordination of the 

Estimation of Chloride 

Chloride present in the complex was converted into soluble 

chlorides by the peroxide fusion. An intimate mixture of the complex (

) and sodium peroxide (2g) were fused in a nickel 

crucible for 2 hours. It was then titrated with concentrated nitric acid. 

Chloride was then volumetrically determined by volhard’s method 

Chloride was precipitated as silver chloride by the addition of a known 

volume of standard silver nitrate solution. The excess silver nitrate was then 

titrated against standard ammonium thio cyanate solution using fe

Spectra  

Nuclear magnetic resonance spectroscopy, most commonly known 

NMR spectroscopy, is a research technique that exploits the 

atomic nuclei. It determines the physical and chemical 

or the molecules in which they are contained. It relies on 

nuclear magnetic resonance and can provi

information about the structure, dynamics, reaction state and chemical 

environment of molecules. The intramolecular magnetic field around an atom 

in a molecule changes the resonance frequency, thus giving access to details 

ucture of a molecule.13C NMR spectra were recorded on a 

500 MHz, AVANCE spectrometer at ambient temperature in 

6 using TMS as internal standard (Singh et al. 2012a).

Spectra 

IR spectroscopy is a simple and reliable technique widely used 

in both organic and inorganic chemistry, in research and industry. It provides 

information about the functional groups of the ligands and coordination of the 
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Chloride present in the complex was converted into soluble 

ntimate mixture of the complex (0.2g), 

were fused in a nickel 

crucible for 2 hours. It was then titrated with concentrated nitric acid. 

Chloride was then volumetrically determined by volhard’s method (Stuart 

Chloride was precipitated as silver chloride by the addition of a known 

volume of standard silver nitrate solution. The excess silver nitrate was then 

titrated against standard ammonium thio cyanate solution using ferric alum as 

, most commonly known 

, is a research technique that exploits the magnetic 

. It determines the physical and chemical 

in which they are contained. It relies on 

and can provide detailed 

information about the structure, dynamics, reaction state and chemical 

environment of molecules. The intramolecular magnetic field around an atom 

in a molecule changes the resonance frequency, thus giving access to details 

NMR spectra were recorded on a 

500 MHz, AVANCE spectrometer at ambient temperature in 

. 

nique widely used 

in both organic and inorganic chemistry, in research and industry. It provides 

information about the functional groups of the ligands and coordination of the 



 

transition metal ions to the donor sites of the ligands. A Jasco FT

spectrophotometer with ATR accessory was employed to record the FT

spectra of the complexes 

4000 and 400 cm-1 (Antony

3.5.6  UV-Vis Spectroscopy

 UV–Vis Spectroscopy provides information a

and structure of the metal

bands are appeared in the UV region and or in the higher wavelength region 

due to conjugation effect. When these ligands are coordinated with the metal 

ions their electronic structure gets changed and new 

because of d-d absorption and charge transfer spectra from metal to ligand or 

ligand to metal. Electronic absorption spectral analysis was carried out using a 

Shimadzu UV-1601 spectrophotome

200-800nm (Singh et al. 2011a)

3.5.7  Magnetic Moment Measurement

 Magnetic moment measurements

out on a Guoy balance at room temperature using mercuri

cobaltate (II) as the calibrant. The effective magnetic moments were 

calculated using the equation 

 µeff =2.84 (χ

where T is the absolute temperature and 

corrected for diamagnetism of all the atoms present in the complex using 

pascals constants (Figgis 

      

transition metal ions to the donor sites of the ligands. A Jasco FT

trophotometer with ATR accessory was employed to record the FT

spectra of the complexes using KBr pellets at a resolution of 4.0cm

(Antony et al. 2013a) . 

Vis Spectroscopy 

Vis Spectroscopy provides information about the geom

and structure of the metal (II) complexes. In UV-Vis spectra the characteristic 

bands are appeared in the UV region and or in the higher wavelength region 

due to conjugation effect. When these ligands are coordinated with the metal 

heir electronic structure gets changed and new bands are appeared 

d absorption and charge transfer spectra from metal to ligand or 

ligand to metal. Electronic absorption spectral analysis was carried out using a 

1601 spectrophotometer in the wavelength region of 

(Singh et al. 2011a). 

Moment Measurement 

moment measurements on powder samples were carried 

out on a Guoy balance at room temperature using mercuric tetra (thiocyanato) 

the calibrant. The effective magnetic moments were 

calculated using the equation  

=2.84 (χmT)1/2 B.M. 

where T is the absolute temperature and χm is the molar susceptibility 

corrected for diamagnetism of all the atoms present in the complex using 

Figgis et al. 1958, Figgis &Lewis 1964).    
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transition metal ions to the donor sites of the ligands. A Jasco FT-IR/4100 

trophotometer with ATR accessory was employed to record the FT-IR 

at a resolution of 4.0cm-1 between 

bout the geometry 

Vis spectra the characteristic 

bands are appeared in the UV region and or in the higher wavelength region 

due to conjugation effect. When these ligands are coordinated with the metal 

bands are appeared 

d absorption and charge transfer spectra from metal to ligand or 

ligand to metal. Electronic absorption spectral analysis was carried out using a 

ter in the wavelength region of  

on powder samples were carried 

c tetra (thiocyanato) 

the calibrant. The effective magnetic moments were 

is the molar susceptibility 

corrected for diamagnetism of all the atoms present in the complex using 



 

3.5.8 Molar Conductivity

 Molar conductance of 10

was separately measured with a Deep Vision Model

deluxe conductivity meter at room temperature

3.5.9  ESR Spectra

 Electron spin 

studying materials with unpaired 

analogous to those of 

spins that are excited instead of the 

reliable tool to predict the electronic structure and geometry of the 

complexes.ESR measur

ESR X and Q band spectrometer operating at a microwave frequency of 9.35 

GHz using DPPH as the g

2013a). 

3.5.10  X-Ray Diffraction 

 Powder XRD is a 

materials and multi phase materials in microcrystalline mixtures and the 

amorphous materials in partially crystalline mixtures. It also provides the 

structural confirmation of the materials. P

using an X-ray diffractometer (XPERT PRO PAnalytical, Netherland) for 

phase identification. The patterns were run with Cu Ka radiation (

nm) with a generator at 40 kV and at 40 mA at 25

diffracting angle (2h) range for XRD

was attained with a rate of 

 

Molar Conductivity  Measurement 

Molar conductance of 10-3 M solutions of the complexes in DM

asured with a Deep Vision Model-601 digital direct reading 

deluxe conductivity meter at room temperature (Antony et al. 2013a)

Spectra 

Electron spin resonance (ESR) spectroscopy is a technique for 

studying materials with unpaired electrons. The basic concepts of EP

analogous to those of nuclear magnetic resonance (NMR), but it is electron 

spins that are excited instead of the spins of atomic nuclei.ESR spectra was a 

reliable tool to predict the electronic structure and geometry of the 

complexes.ESR measurements were carried out on a JEOL, Japan

ESR X and Q band spectrometer operating at a microwave frequency of 9.35 

using DPPH as the g-marker and a temperature of 77K 

Ray Diffraction Studies 

Powder XRD is a tool used for identifying the single phase 

materials and multi phase materials in microcrystalline mixtures and the 

amorphous materials in partially crystalline mixtures. It also provides the 

structural confirmation of the materials. P-XRD determinations wer

ray diffractometer (XPERT PRO PAnalytical, Netherland) for 

phase identification. The patterns were run with Cu Ka radiation (

nm) with a generator at 40 kV and at 40 mA at 25oC temperature. The 

diffracting angle (2h) range for XRD spectroscopy from 10 �

was attained with a rate of 2 � min-1 (Antony et al. 2013b). 
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M solutions of the complexes in DMSO 

601 digital direct reading 

(Antony et al. 2013a). 

is a technique for 

. The basic concepts of EPR are 

(NMR), but it is electron 

.ESR spectra was a 

reliable tool to predict the electronic structure and geometry of the 

Japan-JES-FA200 

ESR X and Q band spectrometer operating at a microwave frequency of 9.35 

and a temperature of 77K (Antony et al. 

ol used for identifying the single phase 

materials and multi phase materials in microcrystalline mixtures and the 

amorphous materials in partially crystalline mixtures. It also provides the 

XRD determinations were made 

ray diffractometer (XPERT PRO PAnalytical, Netherland) for 

phase identification. The patterns were run with Cu Ka radiation (λ=0.1545 

C temperature. The 

� C t o 80 � C 



 

3.5.11 Melting Point/Decomposition Temperature

 Melting point 

of compounds.  It was carried out by BUCHI 

tubes (Singh et al. 2011a)

3.5.12 Solubility Test

 This test is important for the analysis and application of the 

complexes. The synthesised complexes were soluble in methanol, ethanol and 

DMSO and insoluble in water.

3.6 CYCLIC VOLTAMMETRIC STUDIES

 Cyclic voltammetric studies of Schiff base complexes were carried 

out at room temperature 

saturated Hg2Cl2 electrode were used as counter and re

respectively.Before each investigation, the electrolyte was purged with 

nitrogen for 8 min. A known volume of standard solution was added to the 

deaerated cell and the voltammograms were recorded. Before each 

experiment the working electrode was cleaned perfectly by polishin

alumina and rinsed thoroughly with distilled water and acetone. Cyclic 

Voltammetric studies were carried out at room temperature with a BAS CV

27 Electrochemical analyser in DMSO solution containing 0.1M NaClO

(Neelakantan et al. 2008)

3.7 THERMAL

 Thermogravimetric analysis was an effective tool to study the 

nature of the decomposition of the complexes. This analysis was used to 

predict the thermal stability of the synthesized substance at a controlled rate in 

nitrogen atmosphere and the 

oint/Decomposition Temperature 

Melting point determination provides information about the purity 

It was carried out by BUCHI 530 apparatus in open capillary 

(Singh et al. 2011a). 

Solubility Test 

This test is important for the analysis and application of the 

complexes. The synthesised complexes were soluble in methanol, ethanol and 

DMSO and insoluble in water. 

YCLIC VOLTAMMETRIC STUDIES  

Cyclic voltammetric studies of Schiff base complexes were carried 

out at room temperature with a glassy carbon electrode. A Pt wire and 

electrode were used as counter and reference electrodes 

each investigation, the electrolyte was purged with 

nitrogen for 8 min. A known volume of standard solution was added to the 

deaerated cell and the voltammograms were recorded. Before each 

experiment the working electrode was cleaned perfectly by polishin

alumina and rinsed thoroughly with distilled water and acetone. Cyclic 

Voltammetric studies were carried out at room temperature with a BAS CV

27 Electrochemical analyser in DMSO solution containing 0.1M NaClO

Neelakantan et al. 2008). 

THERMAL  ANALYSIS 

Thermogravimetric analysis was an effective tool to study the 

nature of the decomposition of the complexes. This analysis was used to 

predict the thermal stability of the synthesized substance at a controlled rate in 

nitrogen atmosphere and the mass of the substance was recorded as a function 
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determination provides information about the purity 

530 apparatus in open capillary 

This test is important for the analysis and application of the 

complexes. The synthesised complexes were soluble in methanol, ethanol and 

Cyclic voltammetric studies of Schiff base complexes were carried 

glassy carbon electrode. A Pt wire and 

ference electrodes 

each investigation, the electrolyte was purged with 

nitrogen for 8 min. A known volume of standard solution was added to the 

deaerated cell and the voltammograms were recorded. Before each 

experiment the working electrode was cleaned perfectly by polishing with 

alumina and rinsed thoroughly with distilled water and acetone. Cyclic 

Voltammetric studies were carried out at room temperature with a BAS CV-

27 Electrochemical analyser in DMSO solution containing 0.1M NaClO4 

Thermogravimetric analysis was an effective tool to study the 

nature of the decomposition of the complexes. This analysis was used to 

predict the thermal stability of the synthesized substance at a controlled rate in 

mass of the substance was recorded as a function 



 

of temperature. The thermogram obtained by this method was characteristic 

of a given sample due to the unique sequence of the physico chemical 

reactions occurring over definite temperature ranges which in tu

upon the structure of molecule. The changes in weight occur as a result of 

rupture or formation of various physical and chemical bonds at elevated 

temperatures.TG/DTA analysis of the complexes were carried out in nitr

atmosphere in the 20-80

on a Mettler Toledo star system

3.8 EMISSION SPECTRA

 The emission spectrum

compound is the spectrum of 

due to an atom or molecule making a 

lower energy state. It can be used to identify the elements in matter of 

unknown composition. Similarly, the emission spectra of molecules can be 

used in chemical analysis of substances. It can be use

composition of material.The fluorescence studies of Schiff bases and their 

metal complexes were recorded on HITACHI F

spectrophotometer (Patil et al. 2011a)

3.9  CORROSION INHIBITION STUDIES

3.9.1  Weight Loss Method 

3.9.1.1 Specimen preparation

 Rectangular aluminium specimens of size 4 cm x 3 cm x 0.01 cm 

containing a small hole of 2mm diameter were taken. They were then washed 

with DMSO, distilled water and then degreased with acetone.  The specimens 

were then dried and weighed and then kept in a dessicator to avoid absorption 

of moisture (Swathy et al. 2012)

of temperature. The thermogram obtained by this method was characteristic 

of a given sample due to the unique sequence of the physico chemical 

reactions occurring over definite temperature ranges which in tu

upon the structure of molecule. The changes in weight occur as a result of 

rupture or formation of various physical and chemical bonds at elevated 

temperatures.TG/DTA analysis of the complexes were carried out in nitr

800 oC temperature range at a heating rate of 

on a Mettler Toledo star system (Antony et al. 2013b). 

EMISSION SPECTRA 

emission spectrum of a chemical element

is the spectrum of frequencies of electromagnetic radiation

or molecule making a transition from a high energy state to a 

lower energy state. It can be used to identify the elements in matter of 

unknown composition. Similarly, the emission spectra of molecules can be 

used in chemical analysis of substances. It can be used to determine the 

composition of material.The fluorescence studies of Schiff bases and their 

metal complexes were recorded on HITACHI F-7000 fluorescence 

(Patil et al. 2011a).  

CORROSION INHIBITION STUDIES  

Loss Method   

Specimen preparation 

Rectangular aluminium specimens of size 4 cm x 3 cm x 0.01 cm 

containing a small hole of 2mm diameter were taken. They were then washed 

with DMSO, distilled water and then degreased with acetone.  The specimens 

ed and weighed and then kept in a dessicator to avoid absorption 

(Swathy et al. 2012). 
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of temperature. The thermogram obtained by this method was characteristic 

of a given sample due to the unique sequence of the physico chemical 

reactions occurring over definite temperature ranges which in turn depends 

upon the structure of molecule. The changes in weight occur as a result of 

rupture or formation of various physical and chemical bonds at elevated 

temperatures.TG/DTA analysis of the complexes were carried out in nitrogen 

ange at a heating rate of 10 � C min-1 

chemical element or chemical 

electromagnetic radiation emitted 

from a high energy state to a 

lower energy state. It can be used to identify the elements in matter of 

unknown composition. Similarly, the emission spectra of molecules can be 

d to determine the 

composition of material.The fluorescence studies of Schiff bases and their 

7000 fluorescence 

Rectangular aluminium specimens of size 4 cm x 3 cm x 0.01 cm 

containing a small hole of 2mm diameter were taken. They were then washed 

with DMSO, distilled water and then degreased with acetone.  The specimens 

ed and weighed and then kept in a dessicator to avoid absorption 



 

3.9.1.2  Test solution

 The bulk solution of 1M HCl was prepared by

distilled water. The inhibitors AB

dissolved in DMSO. 

3.9.1.3  Calculations

a) Evaluation of 

 From the initial and final weight of the specimen at particular 

concentration, weight loss without inhibitor and weight loss w

were determined.The inhibitor efficien

Efficiency of  
inhibitor =        (Weight loss without inhibitor
    
                       

b)  Evaluation of surface coverage (

 The surface coverage has been calculated using the formula

    (Weight loss without inhibitor 
Surface coverage =  
    

3.9.2  Optical Microscopic Method

 The optical microscope

type of microscope which uses

images of samples and surfaces. It is a primary tool 

efficiency and accuracy to facilitate surface imaging. 

metal surfaces were taken by an optical microscope, Olympus

(Hameed et al. 2012).  

Test solution 

The bulk solution of 1M HCl was prepared by 

The inhibitors AB, AC and AD of varying concentration were 

Calculations 

Evaluation of inhibition efficiency 

From the initial and final weight of the specimen at particular 

concentration, weight loss without inhibitor and weight loss w

The inhibitor efficiency was calculated using the formula.

(Weight loss without inhibitor–Weight loss with inhibitor) 
                   

                     Weight loss without inhibitor  

Evaluation of surface coverage (θ) 

The surface coverage has been calculated using the formula

(Weight loss without inhibitor - Weight loss with inhibitor) 

 Weight loss without inhibitor 

Microscopic Method 

optical microscope, often referred to as light microscope

which uses visible light and a system of lenses

images of samples and surfaces. It is a primary tool enables imaging at high 

efficiency and accuracy to facilitate surface imaging. The optical images of 

e taken by an optical microscope, Olympus
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 using double 

of varying concentration were 

From the initial and final weight of the specimen at particular 

concentration, weight loss without inhibitor and weight loss with inhibitor 

cy was calculated using the formula. 

Weight loss with inhibitor)  
             x 100 

The surface coverage has been calculated using the formula 

Weight loss with inhibitor)  

light microscope, is a 

lenses to magnify 

enables imaging at high 

The optical images of 

e taken by an optical microscope, Olympus-BX51M/Japan 



 

3.10 DNA BINDING EXPERIMENT

 The interaction between metal complexes and DNA were studied 

using electronic absorption method. Disodium salt of calf thymus DNA was 

stored at 4˚C. Solution of DNA in the buffer 50 mM NaCl/ 5 mM Tris

(pH 7.2) in water gave a ratio 1.9 of UV absorbance at 260 and 280 nm, 

A260/A280, indicating that the DNA was sufficiently free from 

concentration of DNA was measured using its extinction 

nm after 1:100 dilutions. Stock solutions were stored at 4

more than 4 days. Doubly distilled water was used to prepare solutions. 

Concentrated stock solutions of the complexes were prepared by dissolving 

the complexes in DMSO and diluting suitably with the corresponding buffer 

to the required concentration for all of the experiments

2013). 

3.11 ANTIMICROBIALSTUDIES

 The synthesized Schiff base ligands and their co

tested against gram 

negative bacterial strain (

(aspergillus niger) by agar diffusion metho

revived by inoculating i

antibiotic disc. The agar plates of the media were prepared and the wells were 

made in the plate. With 18 hour old cultures each plate was inoculated and 

spread over the plates. The required concentration of the test sample was 

introduced into the respective wells. The control wells with gentamycin were 

also prepared. DMSO was used as negati

incubated at 37 � C for 20 hours. Activity was determined by measuring the 

diameter of zones showing complete inhibition

 

DNA BINDING EXPERIMENT  

The interaction between metal complexes and DNA were studied 

using electronic absorption method. Disodium salt of calf thymus DNA was 

olution of DNA in the buffer 50 mM NaCl/ 5 mM Tris

(pH 7.2) in water gave a ratio 1.9 of UV absorbance at 260 and 280 nm, 

A260/A280, indicating that the DNA was sufficiently free from 

concentration of DNA was measured using its extinction coefficient at 260 

nm after 1:100 dilutions. Stock solutions were stored at 4̊C and used for not 

more than 4 days. Doubly distilled water was used to prepare solutions. 

Concentrated stock solutions of the complexes were prepared by dissolving 

in DMSO and diluting suitably with the corresponding buffer 

to the required concentration for all of the experiments (Abdel

ANTIMICROBIALSTUDIES  

The synthesized Schiff base ligands and their co

gram positive bacterial strain (pseudomonas aeruginosa

strain (staphylococcus aureus) and 

by agar diffusion method. Initially the stock cultures 

revived by inoculating in broth media and grown at 37 oC for 18 hours with 

antibiotic disc. The agar plates of the media were prepared and the wells were 

made in the plate. With 18 hour old cultures each plate was inoculated and 

spread over the plates. The required concentration of the test sample was 

into the respective wells. The control wells with gentamycin were 

also prepared. DMSO was used as negative control. The plates were 

C for 20 hours. Activity was determined by measuring the 

diameter of zones showing complete inhibition (Abdel-Rahman et al. 2013)
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The interaction between metal complexes and DNA were studied 

using electronic absorption method. Disodium salt of calf thymus DNA was 

olution of DNA in the buffer 50 mM NaCl/ 5 mM Tris–HCl 

(pH 7.2) in water gave a ratio 1.9 of UV absorbance at 260 and 280 nm, 

A260/A280, indicating that the DNA was sufficiently free from protein. The 

coefficient at 260 

˚C and used for not 

more than 4 days. Doubly distilled water was used to prepare solutions. 

Concentrated stock solutions of the complexes were prepared by dissolving 

in DMSO and diluting suitably with the corresponding buffer 

(Abdel-Rahman et al. 

The synthesized Schiff base ligands and their complexes were 

s aeruginosa), 

) and fungal strain 

d. Initially the stock cultures were 

or 18 hours with 

antibiotic disc. The agar plates of the media were prepared and the wells were 

made in the plate. With 18 hour old cultures each plate was inoculated and 

spread over the plates. The required concentration of the test sample was 

into the respective wells. The control wells with gentamycin were 

The plates were 

C for 20 hours. Activity was determined by measuring the 

Rahman et al. 2013). 



 

ISATIN

 This chapter focuses on the character

ligand derived from isatin and aspartic acid (AB) and its complexes with 

Co(II), Ni(II), Cu(II) and Zn(II). The characteris

elemental analysis, UV

Molar conductivity studies, Magnetic moment studies,

(TG/DTG), electrochemical (CV) and Fluorescence studies.

4.1  SCHIFF BASE LIGAND ISATIN(A)

4.1.1  Elemental Analysis

 The experimentally obtained elemental analysis d

good agreement with the theoretical values. The theoretical values are: C 

(51.8%), H (3.62%) and N (10.07%) and the actually found values are C 

(51.13%), H (3.09%) and N (9.47%). This supports the formation of the 

Schiff base, AB from isat

data of AB are presented in Table 4.1.

Table 4.1 Physical and 

Compound 
Molecular 
Formula

AB C12H10N2O

 

CHAPTER 4 

ISATIN –ASPARTIC ACID SYSTEM  

 

apter focuses on the characterisation of the Schiff base 

ligand derived from isatin and aspartic acid (AB) and its complexes with 

(II) and Zn(II). The characterisation techniques adopted are; 

elemental analysis, UV-Vis, FT-IR, 13C NMR, XRD and ESR spectral studies, 

lar conductivity studies, Magnetic moment studies,Thermal analysis 

(TG/DTG), electrochemical (CV) and Fluorescence studies. 

SCHIFF BASE LIGAND ISATIN(A) -ASPARTIC ACID (B) [AB]

Analysis 

The experimentally obtained elemental analysis data of AB are in 

good agreement with the theoretical values. The theoretical values are: C 

(51.8%), H (3.62%) and N (10.07%) and the actually found values are C 

(51.13%), H (3.09%) and N (9.47%). This supports the formation of the 

Schiff base, AB from isatin and aspartic acid. The physical and the analytical 

data of AB are presented in Table 4.1. 

Table 4.1 Physical and analytical data of AB 

Molecular 
Formula 

Molecular 
Weight 

   
Melting 
Point 
°C 

Colour 

Elemental analysis
(Theoretical values in 

paren

C H

O6 278.22 218 
Light 
brown 

51.13 
(51.8) 

3.09
(3.62)
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ation of the Schiff base 

ligand derived from isatin and aspartic acid (AB) and its complexes with 

ation techniques adopted are; 

C NMR, XRD and ESR spectral studies, 

Thermal analysis 

ASPARTIC ACID (B) [AB]  

ata of AB are in 

good agreement with the theoretical values. The theoretical values are: C 

(51.8%), H (3.62%) and N (10.07%) and the actually found values are C 

(51.13%), H (3.09%) and N (9.47%). This supports the formation of the 

in and aspartic acid. The physical and the analytical 

 

Elemental analysis 
(Theoretical values in 

parenthesis) 

H N 

3.09 
(3.62) 

9.47 
(10.07) 



 

4.1.2  13C NMR Spectra

 The 13C NMR spectra of the Schiff base AB (Figure 4.1), signifies 

various types of carbons of the compound which are chemically non

The signals at 122.323 ppm, 124.070 ppm and 12

carbons of isatin moiety. A characteristic signal for the imino carbon (C=N) 

appears at 149.339 ppm. The signal at 182.821 ppm represents the carboxylate

carbon. In addition, the s

assigned to aromatic carbon. The methylene carbons which are observed at 

39.107 ppm and 58.209 ppm respectively indicate the formation of Schiff 

base ligand (Al-Resayes

Figure 4.1

4.1.3  Vibrational Spectral Studies

 The vibrational spectral data of the synthe

AB is provided in Table 4.2. The FT

Figure 4.2 shows a broad band in the range of 3200

C NMR Spectra 

C NMR spectra of the Schiff base AB (Figure 4.1), signifies 

various types of carbons of the compound which are chemically non

The signals at 122.323 ppm, 124.070 ppm and 127.659 ppm are due to 

carbons of isatin moiety. A characteristic signal for the imino carbon (C=N) 

appears at 149.339 ppm. The signal at 182.821 ppm represents the carboxylate

carbon. In addition, the signals obtained in the region 80.549 ppm are 

assigned to aromatic carbon. The methylene carbons which are observed at 

07 ppm and 58.209 ppm respectively indicate the formation of Schiff 

Resayes et al. 2012). 

Figure 4.113C NMR of the ligand AB  

Vibrational Spectral Studies 

The vibrational spectral data of the synthesised Schiff base ligand 

AB is provided in Table 4.2. The FT-IR spectrum of the ligand AB, given in 

Figure 4.2 shows a broad band in the range of 3200-3500 cm-1
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C NMR spectra of the Schiff base AB (Figure 4.1), signifies 

various types of carbons of the compound which are chemically non-equivalent. 

.659 ppm are due to 

carbons of isatin moiety. A characteristic signal for the imino carbon (C=N) 

appears at 149.339 ppm. The signal at 182.821 ppm represents the carboxylate 

ignals obtained in the region 80.549 ppm are 

assigned to aromatic carbon. The methylene carbons which are observed at 

07 ppm and 58.209 ppm respectively indicate the formation of Schiff 

 

ed Schiff base ligand 

m of the ligand AB, given in 
1 which can be 



 

assigned to the stretching vibration of the free 

observed at 1700 cm-

isatin moiety present in the ligand, AB. The bands observed at 1495 cm

1400 cm-1 can be assigned to the asymmetric and symmetric vibration of 

carboxylate group (-COO) of aspartic acid. The strong band observed at 

1625 cm-1 could be assigned to 

formation of Schiff base from aspartic acid and isatin. Furthermore, the small 

peaks noted in the region of 2900 cm

asymmetric -C-H stretches  

Table 4.2 IR Spectral Data of Schiff base AB

Compound 
ν

AB 
 

Figure 4.2 FT
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assigned to the stretching vibration of the free -COOH group. The band 
-1 can be attributed to the amido carbonyl stretching of 

moiety present in the ligand, AB. The bands observed at 1495 cm

can be assigned to the asymmetric and symmetric vibration of 

COO) of aspartic acid. The strong band observed at 

could be assigned to -C=N stretch which further confirms the 

formation of Schiff base from aspartic acid and isatin. Furthermore, the small 

peaks noted in the region of 2900 cm-1 might be due to the symmetric and 

H stretches  (Jebamary et al. 2013). 

Table 4.2 IR Spectral Data of Schiff base AB 

ν (C=N) 
(cm-1) 

ν (COO)Asym 
(cm-1) 

ν (COO)Sym 
(cm-1) 

1625 1495 1400 

Figure 4.2 FT-IR Spectrum of AB 
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COOH group. The band 

can be attributed to the amido carbonyl stretching of 

moiety present in the ligand, AB. The bands observed at 1495 cm-1 and 

can be assigned to the asymmetric and symmetric vibration of 

COO) of aspartic acid. The strong band observed at  

h which further confirms the 

formation of Schiff base from aspartic acid and isatin. Furthermore, the small 

might be due to the symmetric and 

 

 ν (C=O) 
(cm-1) 

1700 

 

1 0 0 0 5 0 0

 



 

4.1.4  Electronic Spectral Studies

 The electronic spectral data of the Schiff base ligand AB are 

detailed in Table 4.3. The UV

in the range of 200-800 nm, at room temperature as 

The spectrum of AB shows absorption bands at 240 nm and 290 nm. These 

bands may be attributed to the 

groups; and n-π* transitions of 

(Manikandan et al. 2011

Table 4.3 Electronic 

Compound 
Absorption band

AB 

 

Figure 4.3 UV
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Electronic Spectral Studies 

The electronic spectral data of the Schiff base ligand AB are 

detailed in Table 4.3. The UV-Visible spectrum of AB is recorded in DMSO, 

800 nm, at room temperature as illustrated in Figure 4.3. 

The spectrum of AB shows absorption bands at 240 nm and 290 nm. These 

bands may be attributed to the π-π* transitions of -C=C, -C=N an

* transitions of –C=N and –C=O groups, present in AB 

2011, Kursunlu et al. 2013). 

Table 4.3 Electronic spectral data of AB 

Absorption band 
(nm) 

Transition

240 
290 

Intraligand charge transfer

Figure 4.3 UV-visible spectrum of AB 
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Wavelength (nm)
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The electronic spectral data of the Schiff base ligand AB are 

recorded in DMSO, 

illustrated in Figure 4.3. 

The spectrum of AB shows absorption bands at 240 nm and 290 nm. These 

C=N and -C=O 

C=O groups, present in AB 

Transition 

Intraligand charge transfer 

 

 



 

4.1.5  Thermal Studies

 The thermogram of the Schiff base AB was recorded in the range of 

0 to 800 o C. Figure 4.4 provides the TG

The Schiff base ligand AB shows three mass loss st

(5%), 120-280 � C (12

the loss of water molecules from the ligand. The second and third stages may 

be attributed to the decomposition of aspartic acid group and the isatin 

moiety. According to the DTG curve of the ligand all the thermal decays 

involved endothermic decomposition  

2013a). 

Figure 4.4 TG/DTG pattern of AB

4.1.6  Emission Spectral Studies

 The emission spectrum of the Schiff base ligand (AB) was studied 

in DMSO and has been 

ligand AB fluoresced at 435 nm in visible region, assigned to the intraligand 

fluorescent emission which is related to the energy gap between the 
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Thermal Studies 

The thermogram of the Schiff base AB was recorded in the range of 

C. Figure 4.4 provides the TG-DTG patterns of the ligand (AB).

The Schiff base ligand AB shows three mass loss stages. They are 

12%) and 300-400 � C (40%). The first stage is due to 

the loss of water molecules from the ligand. The second and third stages may 

be attributed to the decomposition of aspartic acid group and the isatin 

According to the DTG curve of the ligand all the thermal decays 

involved endothermic decomposition  (Neelakantan et al. 2008

Figure 4.4 TG/DTG pattern of AB 

Emission Spectral Studies 

The emission spectrum of the Schiff base ligand (AB) was studied 

and has been displayed in Figure 4.5. On excitation at 290 nm, the 

ligand AB fluoresced at 435 nm in visible region, assigned to the intraligand 

which is related to the energy gap between the 
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The thermogram of the Schiff base AB was recorded in the range of 

DTG patterns of the ligand (AB). 

They are 0-100 � C 

C (40%). The first stage is due to 

the loss of water molecules from the ligand. The second and third stages may 

be attributed to the decomposition of aspartic acid group and the isatin 

According to the DTG curve of the ligand all the thermal decays 

2008, Antony et al. 

 

The emission spectrum of the Schiff base ligand (AB) was studied 

On excitation at 290 nm, the 

ligand AB fluoresced at 435 nm in visible region, assigned to the intraligand 

which is related to the energy gap between the π → π*  
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molecular orbital of the 

attributed to the large dipole moment of the fluorescent excited state and the 

hydrogen bonds for

fluorescence of AB is probably quenched by the appearance of photo induced 

electron transfer (PET) process 

electrons on the nitrogen atom of AB

Figure 4.5 Emission 

4.1.7  Powder XRD Analysis

 Powder XRD analysis was performed to obtain morphological 

evidence about the ligand AB. The wide angle powder 

was recorded over the 

pattern of AB shows its characteristic peak at 2

3.20299. The trend of the curve decreases from maximum to minimum intensity 

indicating that AB is amorphous in nature  
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molecular orbital of the π–conjugation of the ligand system

to the large dipole moment of the fluorescent excited state and the 

rmed between AB and the solvent. 

fluorescence of AB is probably quenched by the appearance of photo induced 

lectron transfer (PET) process attributed to the presence of lone pair 

electrons on the nitrogen atom of AB (Aazam et al. 2012).  

Figure 4.5 Emission spectra of AB 

Powder XRD Analysis 

Powder XRD analysis was performed to obtain morphological 

evidence about the ligand AB. The wide angle powder -XRD 

ver the 2θ = 0 to 80o range and is shown in Figure 4.6. The XRD 

pattern of AB shows its characteristic peak at 2θ = 27.8313 with d spacing 

The trend of the curve decreases from maximum to minimum intensity 

indicating that AB is amorphous in nature  (Raman et al. 2011e). 
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system. This can be 

to the large dipole moment of the fluorescent excited state and the 

med between AB and the solvent. Further, the 

fluorescence of AB is probably quenched by the appearance of photo induced 

to the presence of lone pair of 

 

Powder XRD analysis was performed to obtain morphological 

XRD patterns of AB 

and is shown in Figure 4.6. The XRD 

 = 27.8313 with d spacing 

The trend of the curve decreases from maximum to minimum intensity 
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Figure 4.6 Powder XRD pattern of AB

4.1.8  Structure of AB

Colour    : Brown 

Yield   : 65 %  

Mol Formula  : 

% of Elements   : 

IR (cm-1)   : 1625, 1495,1400 and 1700

UV (nm)   : 240,290 

Total Energy  :  1
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Figure 4.6 Powder XRD pattern of AB 

Structure of AB 

: Brown  

: 65 %   

: C12H10N2O6 

: C 51.13, H 3.09 and N 9.47 

: 1625, 1495,1400 and 1700 

: 240,290  

:  15.1889 kcal/mol 

Figure 4.7 Structure of AB 
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4.2  Co(II)- ISATIN(A)

4.2.1  Elemental Analysis

 The complex CoAB is chocolate brown in colour. It is stable 

towards air, insoluble in water but soluble in organic solvents like

The experimentally obtained elemental analysis data and the theoretical 

values agree well with each other. It clearly shows that the stoichiometry of 

the complex is [Co(AB)Cl], and it supports the formation of the Schiff base 

complex. The physical a

Table 4.

Complex 
Molecular 
Formula 

Molecular 
Weight

CoAB 
C12H10N2O6 

CoCl 
372.6

 

4.2.2  Vibrational Spectral Studies

 The FT-IR Spectral studies are utilized to find out the stru

aspects of the compounds

Figure 4.8 and the spectral data in Table 4.

free ligand AB, but with changes in the position of the absorption bands as 

well as the appearance of new peaks. The imino stretching frequency appears 

at 1608 cm-1, compared to 1625 cm

lower frequency region

nitrogen atom to the Co(II) ion. Similarly, the absorption bands of asymmetric 

and symmetric stretching of carboxy

been shifted from 1495 

respectively in CoAB, confirming the bonding of carboxylate ion with Co(II) 

ion. Moreover, the absorption peak due to the amido group (present in 

ISATIN(A) -ASPARTIC ACID(B) COMPLEX  [CoAB]

Analysis 

The complex CoAB is chocolate brown in colour. It is stable 

towards air, insoluble in water but soluble in organic solvents like

The experimentally obtained elemental analysis data and the theoretical 

values agree well with each other. It clearly shows that the stoichiometry of 

the complex is [Co(AB)Cl], and it supports the formation of the Schiff base 

complex. The physical and analytical data of CoAB is given in Table 4.

Table 4.4 Physical and analytical data of CoAB

Molecular 
Weight 

 

Melting 
Point 

°C 

Colour 

Elemental analysis

(Theoretical values in parenthesis)

C H N

372.6 225 
Chocolate 

brown 
39.03 

(38.68) 

2.25 

(2.71) 

8.04

(7.52)

Vibrational Spectral Studies 

IR Spectral studies are utilized to find out the stru

aspects of the compounds. The vibrational spectrum of CoAB is depicted in 

and the spectral data in Table 4.5. It is comparable to that of the 

free ligand AB, but with changes in the position of the absorption bands as 

well as the appearance of new peaks. The imino stretching frequency appears 

, compared to 1625 cm-1 of the free ligand AB. This shift to the 

frequency region clearly indicates the coordination of the imino 

nitrogen atom to the Co(II) ion. Similarly, the absorption bands of asymmetric 

and symmetric stretching of carboxylate group (-COO) of aspartic acid have 

been shifted from 1495 cm-1 and 1400 cm-1 to 1480 cm-1 and 1395

respectively in CoAB, confirming the bonding of carboxylate ion with Co(II) 

ion. Moreover, the absorption peak due to the amido group (present in 
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ASPARTIC ACID(B) COMPLEX  [CoAB]  

The complex CoAB is chocolate brown in colour. It is stable 

towards air, insoluble in water but soluble in organic solvents like DMSO. 

The experimentally obtained elemental analysis data and the theoretical 

values agree well with each other. It clearly shows that the stoichiometry of 

the complex is [Co(AB)Cl], and it supports the formation of the Schiff base 

nd analytical data of CoAB is given in Table 4.4. 

of CoAB 

Elemental analysis 

(Theoretical values in parenthesis) 

N Co Cl 

8.04 

(7.52) 

16.41 

(15.82) 

10.43 

(9.51) 

IR Spectral studies are utilized to find out the structural 

oAB is depicted in 

. It is comparable to that of the 

free ligand AB, but with changes in the position of the absorption bands as 

well as the appearance of new peaks. The imino stretching frequency appears 

of the free ligand AB. This shift to the 

clearly indicates the coordination of the imino 

nitrogen atom to the Co(II) ion. Similarly, the absorption bands of asymmetric 

COO) of aspartic acid have 

and 1395 cm-1  

respectively in CoAB, confirming the bonding of carboxylate ion with Co(II) 

ion. Moreover, the absorption peak due to the amido group (present in isatin 



 

moiety), has been shifted from 1700 cm

coordination with the central Co(II) ion. Further, the appearance of new bands 

at 521 cm-1 and 485 cm

bonds respectively. Anoth

spectrum of the complex CoAB can be assigned to the Co

Hence we can conclude that the Schiff base coordinates to Co(II) ion through 

the imino nitrogen atom, and the carboxylato and amido oxyg

fourth position of the possible square planar arrangement is occupied by 

chloride ion. This makes the complex neutral, which is confirmed by the non

electrolytic nature of the complex 

Table 4.

Compound 
ν (C=N) 
(cm-1) 

ν (COO)

AB 1625 

CoAB 1608 
 

Figure 4.
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moiety), has been shifted from 1700 cm-1 to 1680 cm-1, which signifies its 

coordination with the central Co(II) ion. Further, the appearance of new bands 

and 485 cm-1 authenticates the formation of Co

bonds respectively. Another new absorption band at 420 cm

spectrum of the complex CoAB can be assigned to the Co- Cl bond present. 

Hence we can conclude that the Schiff base coordinates to Co(II) ion through 

the imino nitrogen atom, and the carboxylato and amido oxyg

fourth position of the possible square planar arrangement is occupied by 

chloride ion. This makes the complex neutral, which is confirmed by the non

electrolytic nature of the complex (Antony et al. 2013b) .  

Table 4.5 IR spectral data of CoAB 

ν (COO)Asym 
(cm-1) 

ν 
(COO)Sym 

(cm-1) 

ν (C=O) 
(cm-1) 

ν (M-N) 
(cm-1) 

ν (M
(cm

1495 1400 1700 - 

1480 1395 1680 521 

Figure 4.8 FT-IR Spectrum of CoAB 
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Wavenumber ( cm -1)

77 

 

, which signifies its 

coordination with the central Co(II) ion. Further, the appearance of new bands 

authenticates the formation of Co-N and Co-O 

er new absorption band at 420 cm-1 in the FTIR 

Cl bond present. 

Hence we can conclude that the Schiff base coordinates to Co(II) ion through 

the imino nitrogen atom, and the carboxylato and amido oxygen atoms. The 

fourth position of the possible square planar arrangement is occupied by 

chloride ion. This makes the complex neutral, which is confirmed by the non-

ν (M-O) 
(cm-1) 

ν (M-Cl) 
(cm-1) 

-  

485 420 

 

500

 



 

4.2.3  Electronic Spectral Studies

 The UV-Visible spectra of CoAB was recorded in DMSO at room 

temperature in the range of (200

electronic spectral data of CoAB is provided in Table 4.

the complex is of different pattern compare

UV-Visible spectrum of CoAB exhibits two different characteristic peaks at 

higher wavelength region 300 nm and 320 nm compared to that of the ligand 

AB. In addition, a new broad band found in 695 nm, which corresponds to 

→ 1B1g transition suggests the coordination of Co(II) metal ion with the ligand. 

The entry of this salient d

approximate square planar geometry for the complex 

Table 4.

Complex Absorption band(nm)

CoAB 
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Electronic Spectral Studies 

Visible spectra of CoAB was recorded in DMSO at room 

temperature in the range of (200-800 nm), and is illustrated in Figure 4.

electronic spectral data of CoAB is provided in Table 4.6. The spectrum of 

the complex is of different pattern compared to that of the ligand AB. The 

Visible spectrum of CoAB exhibits two different characteristic peaks at 

higher wavelength region 300 nm and 320 nm compared to that of the ligand 

addition, a new broad band found in 695 nm, which corresponds to 

g transition suggests the coordination of Co(II) metal ion with the ligand. 

The entry of this salient d-d transition band in UV-Visible spectrum suggests an 

square planar geometry for the complex (Garg et al.

Table 4.6 Electronic spectral data of CoAB 

Absorption band(nm) Transition 

300,320 
695 

M-L CT 
1A1g →

1B1g 
Square planar

Figure 4.9 UV-visible spectrum of CoAB 
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Visible spectra of CoAB was recorded in DMSO at room 

800 nm), and is illustrated in Figure 4.9. The 

. The spectrum of 

d to that of the ligand AB. The 

Visible spectrum of CoAB exhibits two different characteristic peaks at 

higher wavelength region 300 nm and 320 nm compared to that of the ligand 

addition, a new broad band found in 695 nm, which corresponds to 1A1g 

g transition suggests the coordination of Co(II) metal ion with the ligand. 

Visible spectrum suggests an 

et al. 2005) .  

 

Geometry 

Square planar 
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4.2.4  Molar Conductivity Studies

 The molar conductance for CoAB complex was measured in 

DMSO. The conductance data of the synthesised CoAB complex is given in 

Table 4.7. The observed value of 18.54 S cm

CoAB is non-electrolytic in nature. Hence, we assume that the chloride ion is 

present inside the coordination sphere and 

This is further confirmed by silver nitrate test. 

Table 4.7  

Complex Molar conductance (S cm

CoAB 

 

4.2.5  Magnetic Moment Studies

 The magne

Table 4.8, is 2.5 B.M, which is a characteristic of d

unpaired electron. Consequently, CoAB complex has square planar geometry 

with dsp2 hybridisation. This is in accordance with the

electronic spectral studies.

Table 4.8 Magnetic moment value of CoAB complex

Complex 

CoAB 

 

 

 

Molar Conductivity Studies 

The molar conductance for CoAB complex was measured in 

onductance data of the synthesised CoAB complex is given in 

. The observed value of 18.54 S cm2 mol-1, shows that the complex 

electrolytic in nature. Hence, we assume that the chloride ion is 

present inside the coordination sphere and the complex is electrically neutral. 

This is further confirmed by silver nitrate test.  

 Molar conductance data of CoAB complex

Molar conductance (S cm2 mol-1) 

18.54 Non

Magnetic Moment Studies 

The magnetic moment value of the complex CoAB, as given in 

, is 2.5 B.M, which is a characteristic of d7 Co(II) system with one 

unpaired electron. Consequently, CoAB complex has square planar geometry 

ation. This is in accordance with the result obtained from 

electronic spectral studies. 

Magnetic moment value of CoAB complex

Magnetic moment, µeff (B.M) Geometry

2.5 Square planar
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The molar conductance for CoAB complex was measured in 

onductance data of the synthesised CoAB complex is given in 

, shows that the complex 

electrolytic in nature. Hence, we assume that the chloride ion is 

the complex is electrically neutral. 

Molar conductance data of CoAB complex 

Nature 

Non-Electrolyte 

tic moment value of the complex CoAB, as given in 

Co(II) system with one 

unpaired electron. Consequently, CoAB complex has square planar geometry 

result obtained from 

Magnetic moment value of CoAB complex 

Geometry 

Square planar 



 

4.2.6  Thermal Stud

 The TG-DTG pattern of the Schiff complex, CoAB, given in 

Figure 4.10 shows three mass loss stages

200-300 � C (30%) and 

of physically adsorbed water molecules from the complex

third stages may be due to the loss of aspartic acid moiety and the isatin 

moiety. The residues which remain above 

According to the DTG curve of CoAB all the thermal decays involved are 

endothermic decomposition (Neelakantan 2008 & Antony 

Figure 4.

4.2.7  Emission Spectral Studies

 Emission spectra of the Schiff base complex CoAB was

DMSO. Figure 4.11 show

438 nm with higher fluorescent intensity

be attributed to intraligand transition mixed with metal
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Studies 

DTG pattern of the Schiff complex, CoAB, given in 

shows three mass loss stages. They are 80-190 

and 300-550 � C (21%). The first stage is 

sorbed water molecules from the complex. The second and 

third stages may be due to the loss of aspartic acid moiety and the isatin 

The residues which remain above 700 � C are metal oxides. 

ding to the DTG curve of CoAB all the thermal decays involved are 

endothermic decomposition (Neelakantan 2008 & Antony et al.

Figure 4.10 TG/DTG pattern of CoAB 

Emission Spectral Studies 

Emission spectra of the Schiff base complex CoAB was

show that CoAB exhibits the emission band at around 

fluorescent intensity upon excitation at 308 nm

intraligand transition mixed with metal - 
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Temperature ( 0C )
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DTG pattern of the Schiff complex, CoAB, given in  

190 � C (2.5%),  

). The first stage is due to the loss 

The second and 

third stages may be due to the loss of aspartic acid moiety and the isatin 

C are metal oxides. 

ding to the DTG curve of CoAB all the thermal decays involved are 

et al. 2013). 
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transfer (M-LCT) and are

ligand. It has been observed that 

quenched the fluorescence emission

fluorescence intensity 

Figure 4.

4.2.8  Electrochemical Stu

 The cyclic Voltammogram of CoAB is illustrated in Figure 4.

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.22 V (Epc) which co

and the anodic peak at 

oxidation of Co(I) to Co(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc / ipa

2005). 
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LCT) and are slightly red shifted when compared to that of the 

ligand. It has been observed that coordination of Co(II) ion with the ligand

the fluorescence emission which is defined as chelation enhanced 

fluorescence intensity (Ye et al. 2005). 

Figure 4.11 Emission spectra of CoAB 

Electrochemical Studies 

The cyclic Voltammogram of CoAB is illustrated in Figure 4.

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.22 V (Epc) which corresponds to the reduction of Co(II) to Co(I) 

and the anodic peak at -0.20 V (Epa) which is a characteristic of the reversible 

oxidation of Co(I) to Co(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc / ipa), which is equal to 1 

410 420 430 440 450 460

 

Wavelength (nm)

81 

 

slightly red shifted when compared to that of the 

with the ligandhas 

which is defined as chelation enhanced 

 

The cyclic Voltammogram of CoAB is illustrated in Figure 4.12. It 

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

rresponds to the reduction of Co(II) to Co(I) 
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oxidation of Co(I) to Co(II). The reversible nature of this process is confirmed 
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Figure 4.

4.2.9  Structure of CoAB

 The findings from the analytical and spectral data given ab

clearly shows that the Schiff base complex shows the stoichiometry 

[Co(AB)Cl]. The chloride ion is present inside the coordination sphere and 

the complex is electrically neutral. The Schiff base ligand AB coordinate the 

Co(II) ion through one imino nit

aspartic acid moiety and one amido oxygen atom of isatin moiety. One 

chloride ion takes up the fourth position of the square planar structure. The 

structure elucidated for the complex is drawn using ChemBioOffice 12.

software and simulated for minimum energy and is given in Figure 4.

low energy of 116.2116 k.cal/mol, denote

energetically favoured and the complex is stable.

 

 

-0.5
-0.0000030

-0.0000025

-0.0000020

-0.0000015

-0.0000010

-0.0000005

0.0000000

0.0000005

0.0000010

0.0000015

C
u

rr
en

t 
(A

)

Figure 4.12Cyclic Voltammogram of CoAB 

Structure of CoAB 

The findings from the analytical and spectral data given ab

clearly shows that the Schiff base complex shows the stoichiometry 

[Co(AB)Cl]. The chloride ion is present inside the coordination sphere and 

the complex is electrically neutral. The Schiff base ligand AB coordinate the 

Co(II) ion through one imino nitrogen atom, one carboxylato oxygen from 

aspartic acid moiety and one amido oxygen atom of isatin moiety. One 

chloride ion takes up the fourth position of the square planar structure. The 

structure elucidated for the complex is drawn using ChemBioOffice 12.

software and simulated for minimum energy and is given in Figure 4.

low energy of 116.2116 k.cal/mol, denotes that the complex formation is 

energetically favoured and the complex is stable. 
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The findings from the analytical and spectral data given above 

clearly shows that the Schiff base complex shows the stoichiometry 

[Co(AB)Cl]. The chloride ion is present inside the coordination sphere and 

the complex is electrically neutral. The Schiff base ligand AB coordinate the 

rogen atom, one carboxylato oxygen from 

aspartic acid moiety and one amido oxygen atom of isatin moiety. One 

chloride ion takes up the fourth position of the square planar structure. The 

structure elucidated for the complex is drawn using ChemBioOffice 12.0 

software and simulated for minimum energy and is given in Figure 4.13. The 

that the complex formation is 
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In brief 

Colour  : Chocalate Brown 

Yield  : 76 %  

Mol Formula : C12H

% of Elements  : C 39.03, H 2.25 and N 8.04

FT-IR (cm-1) : 1608, 1480, 

UV (nm)  : 290, 320 and 685

Λ M   : 18.54 S mol

µ  : 2.5 BM.                 

Total Energy = 116.2116 k.cal/mol            

4.3  Ni(II)-ISATIN(A)

4.3.1  Elemental Analysis

 The complex NiAB is also chocolate brown in colour. It is stable 

towards air and moisture, insoluble in water but so

like DMSO. Both the elemental analysis data and the theoretical values agree 

well with each other. It clearly shows that NiAB forms with the expected 

stoichiometry which supports the formation of the complex [Ni(AB)Cl]. The 

physical and analytical data of NiAB are provided in Table 4.

Table 4.

Complex 
Molecular 
Formula 

Molecular 
Weight

NiAB 
C12H10N2 

O6NiCl 
372.36

: Chocalate Brown  

: 76 %   

H10N2O6CoCl 

C 39.03, H 2.25 and N 8.04 

: 1608, 1480, 1395, 1680, 521, 485and 420   

: 290, 320 and 685 

: 18.54 S mol-1cm2 

: 2.5 BM.                  

Total Energy = 116.2116 k.cal/mol                                         

Figure 4.13 Structure of CoAB 

ISATIN(A) -ASPARTIC ACID(B) COMPLEX [NiAB]

Analysis 

The complex NiAB is also chocolate brown in colour. It is stable 

towards air and moisture, insoluble in water but soluble in organic solvents 

like DMSO. Both the elemental analysis data and the theoretical values agree 

well with each other. It clearly shows that NiAB forms with the expected 

stoichiometry which supports the formation of the complex [Ni(AB)Cl]. The 

al and analytical data of NiAB are provided in Table 4.9.

Table 4.9 Physical and Analytical Data of NiAB

Molecular 
Weight 

Melting 
Point   

oC 
Colour 

Elemental analysis

(Theoretical values in parenthesis)

C H N

372.36 234 
Chocolate 

brown 
39.27 

(38.71) 

2.40 

(2.71) 

8.09

(7.52)
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ASPARTIC ACID(B) COMPLEX [NiAB]  

The complex NiAB is also chocolate brown in colour. It is stable 

luble in organic solvents 

like DMSO. Both the elemental analysis data and the theoretical values agree 

well with each other. It clearly shows that NiAB forms with the expected 

stoichiometry which supports the formation of the complex [Ni(AB)Cl]. The 

. 

Physical and Analytical Data of NiAB 

Elemental analysis 

(Theoretical values in parenthesis) 

N Ni Cl 

8.09 

(7.52) 

16.32 

(15.76) 

10.09 

(9.52) 



 

4.3.2  Vibrational 

 In order to find out the structural aspects of the compounds, FT

Spectral studies are used. The vibrational s

Figure 4.14, and the spectral data in Table 4.

frequency appears at 1595 cm

This shift to the lower 

the imino nitrogen atom to the Ni(II) ion. Similarly, the asymmetric and 

symmetric stretching of carboxylate group (

shifted from 1495 cm

confirming the bonding of carboxy

absorption peak due to the amido group (present in isatin moiety), has been 

shifted from 1700 cm-

central Ni(II) ion. In addition, the appearance of new bands

460 cm-1 confirms the formation of Ni

Another new absorption band at 410 cm

complex NiAB can be assigned to the Ni

conclude that the Schiff base coo

nitrogen atom, and the carboxylato and amido oxygen atoms. The fourth 

position of the possible square planar arrangement is occupied by chloride 

ion. This makes the complex neutral, which is confirmed by the non

electrolytic nature of the complex.  

Table 4.10  

Compound 

ν  
(C=N) 

(cm-1) 

(COO)

AB 1625 

NiAB 1595 
 

Vibrational Spectral Studies  

In order to find out the structural aspects of the compounds, FT

Spectral studies are used. The vibrational spectrum of NiAB is provided in 

, and the spectral data in Table 4.10. The imino stretching 

frequency appears at 1595 cm-1, compared to 1625 cm-1 of the free ligand AB. 

This shift to the lower frequency region clearly indicates the coordination o

the imino nitrogen atom to the Ni(II) ion. Similarly, the asymmetric and 

symmetric stretching of carboxylate group (-COO) of aspartic acid has been 

shifted from 1495 cm-1 and 1400 cm-1 to 1475 cm-1 and 1393 cm

confirming the bonding of carboxylate group with Ni(II) ion. Further, the 

absorption peak due to the amido group (present in isatin moiety), has been 
-1 to 1682 cm-1, which signifies its coordination with the 

central Ni(II) ion. In addition, the appearance of new bands at 517 cm

confirms the formation of Ni-N and Ni-O bonds respectively. 

Another new absorption band at 410 cm-1 in the FTIR spectrum of the 

complex NiAB can be assigned to the Ni-Cl bond present. Hence we can 

conclude that the Schiff base coordinates to Ni(II) ion through the imino 

nitrogen atom, and the carboxylato and amido oxygen atoms. The fourth 

position of the possible square planar arrangement is occupied by chloride 

ion. This makes the complex neutral, which is confirmed by the non

ctrolytic nature of the complex.   

10   IR spectral data of Schiff base NiAB

ν 
(COO)Asym 

(cm-1) 

ν  
(COO)Sym 

(cm-1) 

ν  
(C=O) 
(cm-1) 

ν  
(M-N) 

(cm-1) 

(M

(cm

1495 1400 1700 - 

1475 1393 1682 517 460
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In order to find out the structural aspects of the compounds, FT-IR 

pectrum of NiAB is provided in 

. The imino stretching 

of the free ligand AB. 

clearly indicates the coordination of 

the imino nitrogen atom to the Ni(II) ion. Similarly, the asymmetric and 

COO) of aspartic acid has been 

and 1393 cm-1 in NiAB, 

late group with Ni(II) ion. Further, the 

absorption peak due to the amido group (present in isatin moiety), has been 

, which signifies its coordination with the 

at 517 cm-1 and 

O bonds respectively. 

in the FTIR spectrum of the 

Cl bond present. Hence we can 

rdinates to Ni(II) ion through the imino 

nitrogen atom, and the carboxylato and amido oxygen atoms. The fourth 

position of the possible square planar arrangement is occupied by chloride 

ion. This makes the complex neutral, which is confirmed by the non-

base NiAB 
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Figure 4.

4.3.3  Electronic Spectral 

 The UV-Visible spectrum of NiAB was taken in DMSO in the 

range of (200-800 nm) and is d

provided in Table 4.

absorption peak at higher wavelength region arou

of the ligand AB. In addition another band is centered at around 520 nm, 

which confirms the coordination of Ni(II) metal ion with the ligand. This 

absorption band corresponds to 

is characteristic of four coordinated square planar geometry, with dsp

hybridisation for NiAB 

Table 4.

Compound 
Absorption band

NiAB 
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Figure 4.14 FT-IR spectrum of NiAB 

Electronic Spectral Studies 

Visible spectrum of NiAB was taken in DMSO in the 

800 nm) and is displayed in Figure 4.15 and the spectral data is 

provided in Table 4.11. The UV-Visible Spectrum of NiAB gives the 

absorption peak at higher wavelength region around 350 nm compared to that 

of the ligand AB. In addition another band is centered at around 520 nm, 

which confirms the coordination of Ni(II) metal ion with the ligand. This 

absorption band corresponds to 1A1g → 1B1g transition of the Ni(II) ion, and 

is characteristic of four coordinated square planar geometry, with dsp

hybridisation for NiAB (Garg  et al. 2005). 

Table 4.11 Electronic Spectral Data of NiAB 

Absorption band 
(nm) 

Transition Geometry

350 
520 

M-L CT 
1A1g → 1B1g 

Square planar

3500 3000 2500 2000 1500 1000 500

Wavenumber ( cm -1 )
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Visible spectrum of NiAB was taken in DMSO in the 

and the spectral data is 

Visible Spectrum of NiAB gives the 

nd 350 nm compared to that 

of the ligand AB. In addition another band is centered at around 520 nm, 

which confirms the coordination of Ni(II) metal ion with the ligand. This 

g transition of the Ni(II) ion, and 

is characteristic of four coordinated square planar geometry, with dsp2 
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Figure 4.

4.3.4  Molar Conductivity Studies

 The molar conductance for NiAB complex was found out in 

DMSO. The conductance data of the synthesised NiAB complex is provided 

in Table 4.12. The ob

complex NiAB is non

present within the coordination sphere making the complex electrically 

neutral. This is also confirmed by the negative r

Table 4.12

Complex Molar conductance (S cm

NiAB 
 

4.3.5  Magnetic Moment Studies

 The geometry of NiAB is further confirmed by the magnetic mo

measurement carried out at room temperature. The acquired magnetic moment 

value is zero (Table 4.
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Figure 4.15 UV-visible spectrum of NiAB 

Molar Conductivity Studies 

The molar conductance for NiAB complex was found out in 

DMSO. The conductance data of the synthesised NiAB complex is provided 

observed value of 11.65 S cm2 mol-1, predicts that the 

complex NiAB is non-electrolytic in nature, indicating that the chloride ion is 

present within the coordination sphere making the complex electrically 

neutral. This is also confirmed by the negative result seen in silver nitrate test.  

12 Molar conductance data of NiAB complex

Molar conductance (S cm2 mol-1) 

11.65 Non

Magnetic Moment Studies 

The geometry of NiAB is further confirmed by the magnetic mo

measurement carried out at room temperature. The acquired magnetic moment 

value is zero (Table 4.13). This zero magnetic moment of NiAB assigns to d

300 400 500 600 700

W avelength ( nm  )
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The molar conductance for NiAB complex was found out in 

DMSO. The conductance data of the synthesised NiAB complex is provided 

, predicts that the 

electrolytic in nature, indicating that the chloride ion is 

present within the coordination sphere making the complex electrically 

esult seen in silver nitrate test.   

Molar conductance data of NiAB complex 

Nature 

Non-Electrolyte 

The geometry of NiAB is further confirmed by the magnetic moment 

measurement carried out at room temperature. The acquired magnetic moment 

). This zero magnetic moment of NiAB assigns to d8 
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Ni(II) system with no unpaired electron. This corresponds to the dsp

hybridisation and hence square 

Table 4.13 

Complex 

NiAB 
 

4.3.6  Thermal Stud

 Figure 4.16

The thermogram obtained shows three mass loss stages. They are 100

C (4%), 200-350 � C (39%) and 350

the loss of physically ad

of mass loss may be attributed to the decomposition of aspartic acid group 

and isatin moiety respectively. The metal oxides are obtained as residues 

above 700 � C. According to the DTG curve of NiAB all the thermal decays 

involved endothermic decomposition  

Figure 4.
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Ni(II) system with no unpaired electron. This corresponds to the dsp

hybridisation and hence square planar geometry around Ni(II) in NiAB.

13 Magnetic moment value of NiAB complex

Magnetic moment, µeff (B.M) Geometry

0 Square planar

tudies 

16 provides the TG-DTG patterns of the complex NiAB. 

The thermogram obtained shows three mass loss stages. They are 100

C (39%) and 350-450 � C (21%). The first stage is 

the loss of physically adsorbed water molecules. The second and third stages 

of mass loss may be attributed to the decomposition of aspartic acid group 

and isatin moiety respectively. The metal oxides are obtained as residues 

C. According to the DTG curve of NiAB all the thermal decays 

involved endothermic decomposition  (Mohamed & Fekry 2011

Figure 4.16 TG/DTG pattern of NiAB 
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Ni(II) system with no unpaired electron. This corresponds to the dsp2 

planar geometry around Ni(II) in NiAB. 

Magnetic moment value of NiAB complex 

Geometry 

Square planar 

DTG patterns of the complex NiAB. 

The thermogram obtained shows three mass loss stages. They are 100-200 � 

first stage is due to 

sorbed water molecules. The second and third stages 

of mass loss may be attributed to the decomposition of aspartic acid group 

and isatin moiety respectively. The metal oxides are obtained as residues 

C. According to the DTG curve of NiAB all the thermal decays 

Fekry 2011). 
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4.3.7   Emission Spe

 Emission spectra of the Schiff base complex NiAB was studied in 

DMSO. Figure 4.17 show that the 

438 nm, upon excitation at 308 nm. This may be attributed to intraligand 

transition mixed with metal 

red shifted when compared to that of the ligand. It has been observed that 

coordination of Ni(II) ion with the ligand has 

emission which is defined as chelation enhanced fluorescenc

(Bagihalli et al. 2008, 

Figure 4.

4.3.8  Electrochemical Studies 

 The cyclic voltammogram of NiAB

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.12 V (Epc) which corresponds to the reduction of Ni(II) to Ni(I) and 
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Emission Spectral Studies  

Emission spectra of the Schiff base complex NiAB was studied in 

show that the NiAB exhibits the emission band at around 

upon excitation at 308 nm. This may be attributed to intraligand 

transition mixed with metal - ligand charge transfer (M-LCT) and are slightly 

red shifted when compared to that of the ligand. It has been observed that 

n of Ni(II) ion with the ligand has quenched the fluorescence 

emission which is defined as chelation enhanced fluorescenc

, Basak et al. 2007). 

Figure 4.17 Emission spectrum of NiAB 

Electrochemical Studies  

The cyclic voltammogram of NiAB is illustrated in Figure 

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.12 V (Epc) which corresponds to the reduction of Ni(II) to Ni(I) and 
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Emission spectra of the Schiff base complex NiAB was studied in 

emission band at around 

upon excitation at 308 nm. This may be attributed to intraligand 

LCT) and are slightly 

red shifted when compared to that of the ligand. It has been observed that 

the fluorescence 

emission which is defined as chelation enhanced fluorescence intensity  

 

is illustrated in Figure 4.18. It 

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.12 V (Epc) which corresponds to the reduction of Ni(II) to Ni(I) and 
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the anodic peak at -0.14V (Epa) which is a characteristic of the reversible 

oxidation of Ni(I) to Ni(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1 

2005). 

Figure 4.

4.3.9  Structure of NiAB

 The observati

clearly reveals that the Schiff base ligand AB coordinate the Ni(II) ion 

through the imino nitrogen atom, the carboxylato oxygen atom of aspartic 

acid group and the amido oxygen atom of isatin moiety, l

planar geometry around the Ni(II) ion. The remaining one position is 

occupied by chloride ion. The structure elucidated for the complex is drawn 

using ChemBioOffice 12.0 software and simulated for minimum energy and 

is given in Figure 4.19

the complex formation is energetically favoured.
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0.14V (Epa) which is a characteristic of the reversible 

oxidation of Ni(I) to Ni(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1 

Figure 4.18 Cyclic voltammogram of NiAB 

Structure of NiAB 

The observations from the analytical and spectral data given above 

clearly reveals that the Schiff base ligand AB coordinate the Ni(II) ion 

through the imino nitrogen atom, the carboxylato oxygen atom of aspartic 

acid group and the amido oxygen atom of isatin moiety, leading to the square 

planar geometry around the Ni(II) ion. The remaining one position is 

occupied by chloride ion. The structure elucidated for the complex is drawn 

using ChemBioOffice 12.0 software and simulated for minimum energy and 

19. The low energy of 165.6407 k.cal/mol, indicate

the complex formation is energetically favoured. 
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0.14V (Epa) which is a characteristic of the reversible 

oxidation of Ni(I) to Ni(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1 (Ye et al. 

 

 

ons from the analytical and spectral data given above 

clearly reveals that the Schiff base ligand AB coordinate the Ni(II) ion 

through the imino nitrogen atom, the carboxylato oxygen atom of aspartic 

eading to the square 

planar geometry around the Ni(II) ion. The remaining one position is 

occupied by chloride ion. The structure elucidated for the complex is drawn 

using ChemBioOffice 12.0 software and simulated for minimum energy and 

. The low energy of 165.6407 k.cal/mol, indicates that 
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In brief 

Colour   : Chochalate Brown 

Yield   : 68 %  

Mol Formula  : C12H

% of Elements  :  C 39.27, H 2.40 and N 8.09

FT-IR (cm-1)  :1595, 1475, 1682, 

UV (nm)   : 350 and 520 

ΛM   : 11.65 S mol

µ   : 0 BM

Total Energy  : 165.6407 k.cal/mol                                    

4.4  Cu(II)-ISATIN(A)

4.4.1  Elemental Analysis

 The complex CuAB is dark brown in col

insoluble in water and soluble in organic solvent like DMSO. The 

experimentally obtained elemental analysis data and the theoretical values are 

comparable, and it supports the formation of the complex. The stoichiometry 

of the complex has been found to be [Cu(AB)Cl]. The Physical and analytical 

data of CuAB are given in Table 4.

Table 4.

Complex 
Molecular 
Formula 

Molecular 

CuAB 
C12H10N2O6 

CuCl 

: Chochalate Brown  

: 68 %   

H10N2O6Ni Cl 

C 39.27, H 2.40 and N 8.09 

1595, 1475, 1682, 1393, 517, 460 and 410  

: 350 and 520  

: 11.65 S mol-1cm2 

: 0 BM 

: 165.6407 k.cal/mol                                     

Figure 4.19  Structure of NiAB 

ISATIN(A) -ASPARTIC ACID(B) COMPLEX  [CuAB]

Analysis 

The complex CuAB is dark brown in colour. It is stable towards air, 

insoluble in water and soluble in organic solvent like DMSO. The 

experimentally obtained elemental analysis data and the theoretical values are 

comparable, and it supports the formation of the complex. The stoichiometry 

e complex has been found to be [Cu(AB)Cl]. The Physical and analytical 

data of CuAB are given in Table 4.14. 

14 Physical and analytical data of CuAB

Molecular 
Weight 

Melting 
Point 
°C 

Colour 
Elemental analysis

(Theoretical values in parenthesis)
C H N 

377.2 230 
Dark 

brown 
39.05 

(38.21) 
2.58 

(2.67) 
7.97

(7.43)
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ASPARTIC ACID(B) COMPLEX  [CuAB]  

our. It is stable towards air, 

insoluble in water and soluble in organic solvent like DMSO. The 

experimentally obtained elemental analysis data and the theoretical values are 

comparable, and it supports the formation of the complex. The stoichiometry 

e complex has been found to be [Cu(AB)Cl]. The Physical and analytical 

of CuAB 

Elemental analysis 
values in parenthesis) 

 Cu Cl 
7.97 

(7.43) 
16.12 

(16.85) 
9.21 

(9.40) 



 

4.4.2  Vibrational 

 The FT-IR Spectral studies are very much useful to predict the 

structural aspects of the compounds. The vibrational spectrum of CuAB is 

shown in Figure 4.20

stretching frequency appears at 1620 cm

ligand AB. This shift to the lower 

coordination of the imino nitrogen atom to the Cu(II) ion. Similarly, the 

absorption bands of asymmetric and symmetric stretching of carboxylate 

group (-COO) of aspartic acid have been shifted from 1495 cm
1 to 1478 cm-1 and 1390 cm

group with Cu(II) ion. Furthermore, the absorption peak due to the amido 

group (present in isatin moiety), has been shifted from 1700 cm
1, which clearly shows its coo

appearance of new bands at 533 cm

formation of Cu-N and Cu

band at 420 cm-1 in the FTIR spectrum of the complex CuAB can b

to the Cu-Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Cu(II) ion through the imino nitrogen atom, and the 

carboxylato and amido oxygen atoms. Chloride ion may occupy the fourth 

position of the possible square plana

neutral, which is confirmed by the non

(Dolaz et al. 2010). 

Table 4.

Compound 

Ν 

 (C=N) 

(cm-1) 

(COO)

AB 1625 

CuAB 1620 
 

Vibrational Spectral Studies 

IR Spectral studies are very much useful to predict the 

ral aspects of the compounds. The vibrational spectrum of CuAB is 

20, and the spectral data given in Table 4.

stretching frequency appears at 1620 cm-1, compared to 1625 cm

ligand AB. This shift to the lower frequency region clearly indicates the 

coordination of the imino nitrogen atom to the Cu(II) ion. Similarly, the 

absorption bands of asymmetric and symmetric stretching of carboxylate 

COO) of aspartic acid have been shifted from 1495 cm-

and 1390 cm-1 in CuAB, confirming the bonding of carboxylate 

group with Cu(II) ion. Furthermore, the absorption peak due to the amido 

group (present in isatin moiety), has been shifted from 1700 cm

, which clearly shows its coordination with the central Cu(II) ion. Further, the 

appearance of new bands at 533 cm-1 and 481 cm-1 clearly evidences the 

N and Cu-O bonds respectively. Another new absorption 

in the FTIR spectrum of the complex CuAB can b

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Cu(II) ion through the imino nitrogen atom, and the 

carboxylato and amido oxygen atoms. Chloride ion may occupy the fourth 

position of the possible square planar arrangement. This makes the complex 

neutral, which is confirmed by the non-electrolytic nature of the complex  

Table 4.15   IR spectral data of CuAB 

ν 
(COO)Asym 

(cm-1) 

ν 
(COO)Sym 

(cm-1) 

ν  
(C=O) 
(cm-1) 

ν 

(M-N) 

(cm-1) 

(M

(cm

1495 1400 1700 - 

1478 1390 1681 533 
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IR Spectral studies are very much useful to predict the 

ral aspects of the compounds. The vibrational spectrum of CuAB is 

, and the spectral data given in Table 4.15. The imino 

, compared to 1625 cm-1 of the free 

clearly indicates the 

coordination of the imino nitrogen atom to the Cu(II) ion. Similarly, the 

absorption bands of asymmetric and symmetric stretching of carboxylate 
-1 and 1400 cm-

in CuAB, confirming the bonding of carboxylate 

group with Cu(II) ion. Furthermore, the absorption peak due to the amido 

group (present in isatin moiety), has been shifted from 1700 cm-1 to 1681 cm-

rdination with the central Cu(II) ion. Further, the 

clearly evidences the 

O bonds respectively. Another new absorption 

in the FTIR spectrum of the complex CuAB can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Cu(II) ion through the imino nitrogen atom, and the 

carboxylato and amido oxygen atoms. Chloride ion may occupy the fourth 

r arrangement. This makes the complex 

electrolytic nature of the complex  

ν  
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ν  

(M-Cl) 

(cm-1) 

-  

481 420 



 

Figure 4.

4.4.3  Electronic Spectral 

 UV-Visible spectroscopy is used to elucidate the geometry of 

CuAB and was recorded in DMSO at room temperature in the range of 

(200-800 nm) as depicted in Figure 4.

Table 4.16. CuAB exhibits characteristic bands 

respectively which are at higher wavelength region compared to that of the 

ligand AB. In addition to this another band centered at around 485 nm is 

attributed to 2B1g → 

leading to square planar geometry around copper (II). This also supports the 

coordination of Cu(II) metal ion with ligand AB 

Table 4.

Complex Absorption band(n

CuAB 
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Figure 4.20 FT-IR spectrum of CuAB 

Electronic Spectral Studies 

Visible spectroscopy is used to elucidate the geometry of 

CuAB and was recorded in DMSO at room temperature in the range of 

800 nm) as depicted in Figure 4.21 and the spectral data is specified in 

CuAB exhibits characteristic bands at 325 and 390 nm 

respectively which are at higher wavelength region compared to that of the 

ligand AB. In addition to this another band centered at around 485 nm is 

→ 2Eg  d-d transition arising due to dsp2

leading to square planar geometry around copper (II). This also supports the 

coordination of Cu(II) metal ion with ligand AB (Arnold 1979). 

Table 4.16 Electronic spectral data of CuAB 

Absorption band(nm) Transition Geometry

325,390 
485 

M-L CT 
2B1g →

  2Eg 
Square planar

3500 3000 2500 2000 1500 1000 500

Wavenumber ( cm-1)

92 

 

 

Visible spectroscopy is used to elucidate the geometry of 

CuAB and was recorded in DMSO at room temperature in the range of  

and the spectral data is specified in 

at 325 and 390 nm 

respectively which are at higher wavelength region compared to that of the 

ligand AB. In addition to this another band centered at around 485 nm is 
2 hybridization 

leading to square planar geometry around copper (II). This also supports the 

.  

 

Geometry 

Square planar 

500

 



 

Figure 4.

4.4.4  Molar Conductivity Studies

 The conductance data of the synthesised CuAB complex is found 

out in DMSO and provided in Table 4.

mol-1, reveals that the complex CuAB is non

CuAB complex is electrically neutral with the chloride ion present inside the 

coordination sphere, and it is also confirmed by the negative silver nitrate test.

Table 4.17 

Complex Molar conductance (S cm

CuAB 
 

4.4.5  Magnetic Moment Studies

 The magnetic moment measurement for CuAB was also carried out 

at room temperature.

(Table 4.18). It is very close to the spin only magnetic moment value 1.73 

B.M of d9 Cu(II) system with single unpaired electron in an essentially 
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Figure 4.21 UV-visible Spectrum of CuAB 

Molar Conductivity Studies 

The conductance data of the synthesised CuAB complex is found 

out in DMSO and provided in Table 4.17. The observed value of 16.25 S cm

the complex CuAB is non-electrolytic in nature. Thus, the 

CuAB complex is electrically neutral with the chloride ion present inside the 

coordination sphere, and it is also confirmed by the negative silver nitrate test.

17 Molar conductance data of CuAB complex

Molar conductance (S cm2 mol-1) 

16.25 Non

Magnetic Moment Studies 

The magnetic moment measurement for CuAB was also carried out 

at room temperature. The observed magnetic moment value is 1.74 B.M 

). It is very close to the spin only magnetic moment value 1.73 

Cu(II) system with single unpaired electron in an essentially 
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W avelength ( nm  )
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The conductance data of the synthesised CuAB complex is found 

. The observed value of 16.25 S cm2 

electrolytic in nature. Thus, the 

CuAB complex is electrically neutral with the chloride ion present inside the 

coordination sphere, and it is also confirmed by the negative silver nitrate test. 

CuAB complex 

Nature 

Non-Electrolyte 

The magnetic moment measurement for CuAB was also carried out 

The observed magnetic moment value is 1.74 B.M 

). It is very close to the spin only magnetic moment value 1.73 

Cu(II) system with single unpaired electron in an essentially           

800

 



 

d x2-y2 orbital and suggests square planar geometry with dsp

authenticating the results

Table 4.18 

Complex 

CuAB 
 

4.4.6  Thermal Studies

 Thermal properties have been studied by the TG

Figure 4.22 provides the TG

CuAB shows three mass loss stages. They 

(21%) and 300-425 �

molecules and chlorine atom 

may be attributed to the decomposition of aspartic ac

moiety. The remaining are the residual metal oxide obtained above 700

According to the DTG curve of CuAB all the thermal decays involved 

endothermic decomposition  

Figure 4.
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orbital and suggests square planar geometry with dsp2

authenticating the results of electronic spectral studies. 

18 Magnetic moment value of NiAB complex

Magnetic moment, µeff (B.M) Geometry

1.74 Square planar

Thermal Studies 

Thermal properties have been studied by the TG

provides the TG-DTG patterns of CuAB. The thermogram of 

CuAB shows three mass loss stages. They are 50-210 � C (9%), 210
� C (22%). The first stage is due to the loss of water 

molecules and chlorine atom from the complex. The second and third stages 

may be attributed to the decomposition of aspartic acid group, and the isati

. The remaining are the residual metal oxide obtained above 700

According to the DTG curve of CuAB all the thermal decays involved 

endothermic decomposition  (dos Santos et al. 2005). 

Figure 4.22 TG/DTG pattern of CuAB 
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2 hybridisation, 

Magnetic moment value of NiAB complex 

Geometry 

Square planar 

Thermal properties have been studied by the TG-DTG pattern. 

DTG patterns of CuAB. The thermogram of 

9%), 210-300 � C 

to the loss of water 

The second and third stages 

id group, and the isatin 

. The remaining are the residual metal oxide obtained above 700 � C. 

According to the DTG curve of CuAB all the thermal decays involved 
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4.4.7  Emission Spectral Studies 

 Figure 4.23

exhibited the emission 

intensityon excitation at 308 nm

intraligand transition mixed with metal 

are slightly red shifted when compared to that of the l

observed that coordination of C

fluorescence emission which is defined as chelation enhanced fluorescence 

intensity  (Bagihalli et

Figure 4.

4.4.8  Electrochemical Studies 

 The cyclic voltammogram of CuAB

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.08 V (Epc) which corresponds to the reduction of Cu(II) to Cu(I) 
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Emission Spectral Studies  

23 shows that the emission spectra of CuAB complex

exhibited the emission band at around 440 nm with higher 

intensityon excitation at 308 nm at room temperature. This may be 

intraligand transition mixed with metal - ligand charge transfer (M

are slightly red shifted when compared to that of the ligand. It has been 

observed that coordination of Cu(II) ion with the ligand has 

ce emission which is defined as chelation enhanced fluorescence 

et al. 2008, Basak et al. 2007). 

Figure 4.23 Emission spectrum of CuAB 

Electrochemical Studies  

The cyclic voltammogram of CuAB is illustrated in Figure 4.

shows a significant electrochemical process, which is found to follow the one 

on reversible mechanism. This reversible process includes the cathodic 

peak at 0.08 V (Epc) which corresponds to the reduction of Cu(II) to Cu(I) 

420 440 460

 

Wavelength (nm)
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shows that the emission spectra of CuAB complex, 

with higher fluorescent 

. This may be ascribed to 

ligand charge transfer (M-LCT) and 

igand. It has been 

has quenched the 

ce emission which is defined as chelation enhanced fluorescence 

 

is illustrated in Figure 4.24. It 

shows a significant electrochemical process, which is found to follow the one 

on reversible mechanism. This reversible process includes the cathodic 

peak at 0.08 V (Epc) which corresponds to the reduction of Cu(II) to Cu(I) 

480

 



 

and the anodic peak at 

oxidation of Cu(I) to Cu(II).

by the calculated current ratio value (ipc/ipa), which is equal to 1 

Figure 4.

4.4.9  Powder XRD Analysis 

 The powder

to 32 � with maxima at 2

d = 5.47027 is illustrated in Figure 4.

clearly proves the crystalline nature of it. It is further confirmed by calculating 

the grain size of CuAB using Scherrer’s formula d

is the particle size, λ is the wavelength of the radiation

half maximum and θ

nanocrystalline with grain size 25.54 nm 
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and the anodic peak at -0.15 V (Epa) which is a characteristic of the reversible 

oxidation of Cu(I) to Cu(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1 

Figure 4.24 Cyclic voltammogram of CuAB 

Powder XRD Analysis  

The powder XRD of CuAB measured between 2θ ranging from 

with maxima at 2θ=16.2036 corresponds to the inter-planar distance 

s illustrated in Figure 4.25. The powder XRD pattern of CuAB 

clearly proves the crystalline nature of it. It is further confirmed by calculating 

the grain size of CuAB using Scherrer’s formula dxrd =  0.9λ / βcos

λ is the wavelength of the radiation, β is the full 

half maximum and θ is the diffraction angle for hkl plane.

nanocrystalline with grain size 25.54 nm (Neelakantan et al. 2008
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0.15 V (Epa) which is a characteristic of the reversible 

The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1 (Ispir 2009). 

 

 

ranging from 8 � 

planar distance  

The powder XRD pattern of CuAB 

clearly proves the crystalline nature of it. It is further confirmed by calculating 

βcosθ, where  dxrd 

 is the full – width 

 is the diffraction angle for hkl plane. CuAB is 

2008).  
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Figure 4.

4.4.10  ESR Spectroscopy

 ESR spectral studies of transition metal (II) complexes provide 

information about the distribution of unpaired electrons and the metal i

environment. The ESR 

room temperature is shown in Figure 4.

value is 2.25 and the g 

that the unpaired electron is localized in the d

characteristic of the square planar geometry. The g

2.17.The deviation of g

character. Finally G is calculated by using the expression G = g

G value of 2.5 indicates negligible exchange interaction between metal 

centre’s in solid complex. Therefore ESR studies val

geometry for CuAB (Patil 
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Figure 4.25 XRD pattern of CuAB 

ESR Spectroscopy 

ESR spectral studies of transition metal (II) complexes provide 

information about the distribution of unpaired electrons and the metal i

environment. The ESR spectrum of the CuAB complex recorded in DMSO at 

shown in Figure 4.26. It has been observed that the g

value is 2.25 and the g ┴ value is 2.1. The trend g� > g┴ > 2.0023 indicated 

that the unpaired electron is localized in the dx2-y2 of the Cu(II) ion and is 

characteristic of the square planar geometry. The gave was found to be 

2.17.The deviation of gave from that of the free electron is due to the covalent 

character. Finally G is calculated by using the expression G = g

G value of 2.5 indicates negligible exchange interaction between metal 

centre’s in solid complex. Therefore ESR studies validates square planar 

Patil et al. 2011b).  
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ESR spectral studies of transition metal (II) complexes provide 

information about the distribution of unpaired electrons and the metal ion 

of the CuAB complex recorded in DMSO at 

. It has been observed that the g� 

> 2.0023 indicated 

of the Cu(II) ion and is 

was found to be 

from that of the free electron is due to the covalent 

character. Finally G is calculated by using the expression G = g� -2/g┴-2 .The 

G value of 2.5 indicates negligible exchange interaction between metal 

idates square planar 
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Figure 4.

4.4.11  Structure of CuAB

 The analytical and spectral data given above clearly shows that the 

Schiff base ligand AB coordinate the Cu(II) ion through the imino nitrogen 

atom, the carboxylato oxygen atom of aspartic acid moiety and the amido 

oxygen atom of isatin moiety. Since, the complex CuAB exhibits square 

planar geometry, we conclude that the remaining position 

chloride ion. The structure elucidated for the complex is drawn using 

ChemBioOffice 12.0 software and simulated for minimum energy and is 

given in Figure 4.27. The low energy of 171.2363 k.cal/mol, signif

stability of the complex.
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Figure 4.26 ESR spectrum of CuAB 

Structure of CuAB 

The analytical and spectral data given above clearly shows that the 

AB coordinate the Cu(II) ion through the imino nitrogen 

atom, the carboxylato oxygen atom of aspartic acid moiety and the amido 

oxygen atom of isatin moiety. Since, the complex CuAB exhibits square 

planar geometry, we conclude that the remaining position is bonded with a 

chloride ion. The structure elucidated for the complex is drawn using 

ChemBioOffice 12.0 software and simulated for minimum energy and is 

. The low energy of 171.2363 k.cal/mol, signif

stability of the complex. 
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The analytical and spectral data given above clearly shows that the 

AB coordinate the Cu(II) ion through the imino nitrogen 

atom, the carboxylato oxygen atom of aspartic acid moiety and the amido 

oxygen atom of isatin moiety. Since, the complex CuAB exhibits square 

is bonded with a 

chloride ion. The structure elucidated for the complex is drawn using 

ChemBioOffice 12.0 software and simulated for minimum energy and is 

. The low energy of 171.2363 k.cal/mol, signifies the 
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In brief 

Colour   : Dark Brown 

Yield   : 68 %  

Mol Formula  : C12H

% of Elements : C 39.05, H 2.58 and N 7.97

IR (cm-1)   :1620, 1478, 

UV (nm)   : 325, 390 and 485

ΛM   : 16.25 S mol

µ   : 1.74 BM

Total Energy  : 171.2363 k.cal/mol

4.5  Zn(II)-ISATIN(A)

4.5.1  Elemental Analysis

 The ZnAB complex is purple in colour and stable towards air and 

moisture. It is soluble in organic solvents like DMSO and not in water. The 

experimental elemental analytic data and the theoretical values are close to 

each other. The stoichiometry of the complex is found to be [Zn(AB)Cl], 

which also supports the formation of 

data of ZnAB are provided in Table 4.

Table 4.19 

Complex 
Molecular 
Formula 

ZnAB C12H10N2O6ZnCl

: Dark Brown  

: 68 %   

H10N2O6 CuCl 

C 39.05, H 2.58 and N 7.97 

:1620, 1478, 1390, 1681, 533, 481 and 420  

: 325, 390 and 485 

: 16.25 S mol-1cm2 

: 1.74 BM 

: 171.2363 k.cal/mol 

Figure 4.27 Structure of CuAB 

ISATIN(A) -ASPARTIC ACID(B) COMPLEX  [ZnAB] 

Analysis 

The ZnAB complex is purple in colour and stable towards air and 

re. It is soluble in organic solvents like DMSO and not in water. The 

experimental elemental analytic data and the theoretical values are close to 

each other. The stoichiometry of the complex is found to be [Zn(AB)Cl], 

which also supports the formation of the complex. The physical and analytical 

data of ZnAB are provided in Table 4.19. 

19 Physical and Analytical Data of ZnAB

Molecular 
Weight 

Melting 
Point 

°C 
Colour 

Elemental analysis

(Theoretical values in parenthesis)

C H N

ZnCl 379.06 225 Purple 
39.28 

(38.02) 

2.23 

(2.66) 

7.09

(7.39)
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ASPARTIC ACID(B) COMPLEX  [ZnAB]  

The ZnAB complex is purple in colour and stable towards air and 

re. It is soluble in organic solvents like DMSO and not in water. The 

experimental elemental analytic data and the theoretical values are close to 

each other. The stoichiometry of the complex is found to be [Zn(AB)Cl], 

the complex. The physical and analytical 

Physical and Analytical Data of ZnAB 

Elemental analysis 

(Theoretical values in parenthesis) 

N Zn Cl 

7.09 

(7.39) 

18.09 

(17.25) 

9.89 

(9.35) 



 

4.5.2  Vibrational Spectral 

 The FT-IR Spectral studies are utilized to obtain the structural 

aspects of the compounds. The vibrat

Figure 4.28, and the spectral data at Table 4.

free ligand AB, but with significant changes in the position of the absorption 

bands as well as the appearance of new peaks. The imino s

appears at 1620 cm-1, compared to 1625 cm

to the lower frequency region

nitrogen atom to the Zn(II) ion. Similarly, the asymmetric and symmetric 

stretching of the carboxylate group (

from 1495 cm-1 and 1400 cm

confirming the bonding of carboxylate ion with Zn(II) ion. Further, the 

absorption peak due to the amido group (present i

shifted from 1700 cm-

central Zn(II) ion. Further, the appearance of new bands at 526 cm

cm-1 confirms the formation of Zn

new absorption band at 440 cm

can be assigned to the Zn

Schiff base coordinates to Zn(II) ion through the imino nitrogen atom, and the 

carboxylato and amido oxygen a

square planar arrangement is occupied by chloride ion. This makes the 

complex neutral, which is confirmed by the non

complex (Raman et al.

Table 4.

Compound 
 

ν (C=N) 
(cm-1) 

(COO)

AB 1625 
ZnAB 1620 

Vibrational Spectral Studies 

IR Spectral studies are utilized to obtain the structural 

aspects of the compounds. The vibrational spectrum of ZnAB is depicted in 

, and the spectral data at Table 4.20. It is comparable to that of the 

free ligand AB, but with significant changes in the position of the absorption 

bands as well as the appearance of new peaks. The imino stretching frequency 

, compared to 1625 cm-1 of the free ligand AB. This shift 

frequency region clearly indicates the coordination of the imino 

nitrogen atom to the Zn(II) ion. Similarly, the asymmetric and symmetric 

ing of the carboxylate group (-COO) of aspartic acid has been shifted 

and 1400 cm-1 to 1480 cm-1 and 1350 cm

confirming the bonding of carboxylate ion with Zn(II) ion. Further, the 

absorption peak due to the amido group (present in isatin moiety), has been 
-1 to 1686 cm-1, which signifies its coordination with the 

central Zn(II) ion. Further, the appearance of new bands at 526 cm

confirms the formation of Zn-N and Zn-O bonds respectively. Another 

new absorption band at 440 cm-1 in the FTIR spectrum of the complex ZnAB 

can be assigned to the Zn-Cl bond present. Hence we can conclude that the 

Schiff base coordinates to Zn(II) ion through the imino nitrogen atom, and the 

carboxylato and amido oxygen atoms. The fourth position of the possible 

square planar arrangement is occupied by chloride ion. This makes the 

complex neutral, which is confirmed by the non-electrolytic nature of the 

et al. 2010).   

Table 4.20 IR spectral data of ZnAB 

ν 
(COO)Asym 

(cm-1) 

ν 
(COO)Sym 

(cm-1) 

 
ν (C=O) 
(cm-1) 

 
ν (M-N) 
(cm-1) 

ν (M
(cm

1495 1400 1700 - 
1480 1350 1686 526 

100 

 

IR Spectral studies are utilized to obtain the structural 

ional spectrum of ZnAB is depicted in 

. It is comparable to that of the 

free ligand AB, but with significant changes in the position of the absorption 

tretching frequency 

of the free ligand AB. This shift 

clearly indicates the coordination of the imino 

nitrogen atom to the Zn(II) ion. Similarly, the asymmetric and symmetric 

COO) of aspartic acid has been shifted 

and 1350 cm-1 in ZnAB, 

confirming the bonding of carboxylate ion with Zn(II) ion. Further, the 

n isatin moiety), has been 

, which signifies its coordination with the 

central Zn(II) ion. Further, the appearance of new bands at 526 cm-1 and 476 

O bonds respectively. Another 

in the FTIR spectrum of the complex ZnAB 

Cl bond present. Hence we can conclude that the 

Schiff base coordinates to Zn(II) ion through the imino nitrogen atom, and the 

toms. The fourth position of the possible 

square planar arrangement is occupied by chloride ion. This makes the 

electrolytic nature of the 
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Figure 4.

4.5.3  Electronic Spectral 

 In the electronic spectrum of ZnAB (Figure 4.

present but with some changes, both in intensity and position. This may be 

due to the coordination of Zn(II) with the ligand L. Moreover, the charge

transfer transition arising due to met

the appearance of these bands at 290 nm 

geometry of the metal complexes around metal ion can be found out using the 

d-d transitions in the electronic spectroscopy above 400 nm. However, the 

Zn(II) complexes due to the completely filled d

d-d transition and show no absorption band a

2013). Nevertheless, the four coordinated Zn(II) complex may be assigned a 

tetrahedral geometry. 

Table 4.

Complex Absorption band(nm)
ZnAB No bands in visible region
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Figure 4.28 FT-IR spectrum of ZnAB 

Electronic Spectral Studies  

In the electronic spectrum of ZnAB (Figure 4.29), these bands are 

present but with some changes, both in intensity and position. This may be 

due to the coordination of Zn(II) with the ligand L. Moreover, the charge

transfer transition arising due to metal to ligand π-back bonding contributes to 

the appearance of these bands at 290 nm (Seeling et al. 1975). Normally, the 

tal complexes around metal ion can be found out using the 

d transitions in the electronic spectroscopy above 400 nm. However, the 

Zn(II) complexes due to the completely filled d10 configuration, do not exhibit 

d transition and show no absorption band above 400 nm  (

. Nevertheless, the four coordinated Zn(II) complex may be assigned a 

The spectral data is given in Table 4.21. 

Table 4.21 Electronic spectral data of ZnAB 

Absorption band(nm) Transition 
No bands in visible region No d-d transition 
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Wavenumber ( cm -1 )
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present but with some changes, both in intensity and position. This may be 

due to the coordination of Zn(II) with the ligand L. Moreover, the charge-

back bonding contributes to 

. Normally, the 

tal complexes around metal ion can be found out using the 

d transitions in the electronic spectroscopy above 400 nm. However, the 

configuration, do not exhibit 

(Kursunluet al. 

. Nevertheless, the four coordinated Zn(II) complex may be assigned a 
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Figure 4.

4.5.4  Molar Conductivity Studies

 The molar conductance of the synthesised ZnAB complex is taken 

in DMSO and given in Table 4.

shows that the complex ZnAB is non

the ZnAB complex is electrically neutral having the chloride ion within the 

coordination sphere, which is further confirmed by the negative silve

                          Table 4.

Complex Molar conductance (S cm

ZnAB 
 

4.5.5  Magnetic Moment Studies

 The magnetic moment for ZnAB was measured at room 

temperature. The obtained magnetic moment value is zero (Table 4.

zero magnetic moment of ZnAB assigns to d

electron. It also supports the tetrahedral geometry around Zn(II) with sp

hybridisation in ZnAB.
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Figure 4.29UV-visible spectrum of ZnAB 

Molar Conductivity Studies 

The molar conductance of the synthesised ZnAB complex is taken 

given in Table 4.22. The observed value of 23.2 S cm

shows that the complex ZnAB is non-electrolytic in nature. This specifies that 

the ZnAB complex is electrically neutral having the chloride ion within the 

coordination sphere, which is further confirmed by the negative silve

Table 4.22Molar conductance data of ZnAB 

Molar conductance (S cm2 mol-1) 

23.2 Non

Magnetic Moment Studies 

The magnetic moment for ZnAB was measured at room 

The obtained magnetic moment value is zero (Table 4.

zero magnetic moment of ZnAB assigns to d10 Zn(II) system with no unpaired 

electron. It also supports the tetrahedral geometry around Zn(II) with sp

hybridisation in ZnAB. 

3 0 0 4 0 0 5 0 0 6 0 0 7 0 0

W a v e le n g th  (  n m  )
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The molar conductance of the synthesised ZnAB complex is taken 

rved value of 23.2 S cm2 mol-1, 

electrolytic in nature. This specifies that 

the ZnAB complex is electrically neutral having the chloride ion within the 

coordination sphere, which is further confirmed by the negative silver nitrate test.  

Molar conductance data of ZnAB  

Nature 

Non-Electrolyte 

The magnetic moment for ZnAB was measured at room 

The obtained magnetic moment value is zero (Table 4.23). This 

Zn(II) system with no unpaired 

electron. It also supports the tetrahedral geometry around Zn(II) with sp3 

8 0 0



 

Table 4.23

Complex 

ZnAB 

 

4.5.6  Thermal Stud

 Figure 4.30 

mass loss stages. They are 50
�C (22%). The first stage is due to 

chlorine from the complex

the decomposition of aspartic acid group and the isatin moiety

metal oxides are obtained above 

ZnAB all the thermal decays involved endothermic decomposition  

et al. 2013b). 

Figure 4.
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23Magnetic moment value of ZnAB complex

Magnetic moment, µeff (B.M) Geometry

0 Tetrahedral

Studies 

 provides the TG-DTG patterns of ZnAB. It shows three 

mass loss stages. They are 50-200 �C (5%), 200-300 �C (41%) and 300

22%). The first stage is due to the loss of water molecules

complex. The second and third stages may be attributed to 

the decomposition of aspartic acid group and the isatin moiety

metal oxides are obtained above 700 � C. According to the DTG c

ZnAB all the thermal decays involved endothermic decomposition  

Figure 4.30 TG/DTG pattern of ZnAB 
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Temperature ( 0C )
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ment value of ZnAB complex 

Geometry 

Tetrahedral 

DTG patterns of ZnAB. It shows three 

41%) and 300-425 

the loss of water molecules followed by 

The second and third stages may be attributed to 

the decomposition of aspartic acid group and the isatin moiety. The residual 

C. According to the DTG curve of 

ZnAB all the thermal decays involved endothermic decomposition  (Antony 

 

800
-10

0

10

20

30

40

H
eat flo

w
 ( m

icro
vo

lts )



 

 

4.5.7  Emission Spectral Studies 

 Emission spectra of the Schiff base complex ZnAB was 

in DMSO. Figure 4.31

around 435 nm in visible region 

ligand) on excitation at 290 nm

since the Zn(II) ions are difficult to oxidize or reduce due to t

configurations (Basak 

relaxation from higher energy level to lower energy level 

intraligand transitions. It is found 

higher fluorescence compared to CoAB, NiAB and CuAB complexes. 

Figure 4.
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Emission Spectral Studies  

Emission spectra of the Schiff base complex ZnAB was 

31 shows that ZnAB exhibited the emission band at 

in visible region with maximum intensity (higher than the 

on excitation at 290 nm. The Zn(II) complex exhibit strong fluoresc

since the Zn(II) ions are difficult to oxidize or reduce due to t

Basak et al. 2008). Further the emission of light is assigned as 

relaxation from higher energy level to lower energy level 

. It is found that the Schiff base complex ZnAB exhibits 

higher fluorescence compared to CoAB, NiAB and CuAB complexes. 

Figure 4.31Emission spectrum of ZnAB 
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Emission spectra of the Schiff base complex ZnAB was carried out 

AB exhibited the emission band at 

with maximum intensity (higher than the 

ex exhibit strong fluorescence 

since the Zn(II) ions are difficult to oxidize or reduce due to their stable d10 

the emission of light is assigned as 

relaxation from higher energy level to lower energy level due to the 

that the Schiff base complex ZnAB exhibits 

higher fluorescence compared to CoAB, NiAB and CuAB complexes.  
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4.5.8  Electrochemical Studies 

 The cyclic voltammogram of the complex under N

illustrated in Figure 4.

which is found to follow the one electron reversible mechanism. This reversible 

process includes the cathodic peak at 0.65 V (Epc) which corresponds to the 

reduction of Zn(II) to Zn(I) and the

characteristic of the reversible oxidation of Zn(I) to Zn(II). The reversible 

nature of this process is confirmed by the calculated current ratio value 

(ipc/ipa), which is equal to 1.

 To check the reactivity of com

oxygen and carbon dioxide, the cyclic voltammogram of the complex in 

solution media was also recorded under aerobic conditions. It shows the 

similar pattern (Figure 4.

under nitrogen atmosphere. Moreover, the E1/2 values are found to be equal 

in the CV analysis under both the environments. The ratio of the current values is 

equal to 1, which indicates the reversible nature of the electrochemical

This study proves the non

solution media. Furthermore, the chemical inertness of the complex would be 

more in its solid state. 

 Normally Zn(II), due to its d

electrochemically inactive.

electron withdrawing groups, viz. imino, carboxylato and amido groups, 

could make the complex more positively charged and favour the reduction of 

the Zn(II) ion to Zn(I) state 

be expected that the electron donating groups may favo

Zn(II) to next oxidation state, Zn(III).

Electrochemical Studies  

The cyclic voltammogram of the complex under N2

n Figure 4.32a. It shows a significant electrochemical process, 

found to follow the one electron reversible mechanism. This reversible 

includes the cathodic peak at 0.65 V (Epc) which corresponds to the 

reduction of Zn(II) to Zn(I) and the anodic peak at -0.55 V (Epa) which is a 

characteristic of the reversible oxidation of Zn(I) to Zn(II). The reversible 

nature of this process is confirmed by the calculated current ratio value 

(ipc/ipa), which is equal to 1. 

To check the reactivity of complex with the aerobic gases such as 

oxygen and carbon dioxide, the cyclic voltammogram of the complex in 

solution media was also recorded under aerobic conditions. It shows the 

similar pattern (Figure 4.32b) as in the case of CV pattern of the complex run 

under nitrogen atmosphere. Moreover, the E1/2 values are found to be equal 

the CV analysis under both the environments. The ratio of the current values is 

equal to 1, which indicates the reversible nature of the electrochemical

s the non-reactivity of complex with the aerobic gases in the 

solution media. Furthermore, the chemical inertness of the complex would be 

more in its solid state.  

Normally Zn(II), due to its d10 configuration is expected to be 

electrochemically inactive. However, the Schiff base ligand AB with three 

electron withdrawing groups, viz. imino, carboxylato and amido groups, 

could make the complex more positively charged and favour the reduction of 

the Zn(II) ion to Zn(I) state (Raman et al. 2011a, Tait et al. 1977

be expected that the electron donating groups may favour the oxidation of 

Zn(II) to next oxidation state, Zn(III). 
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2 atmosphere is 

a. It shows a significant electrochemical process, 

found to follow the one electron reversible mechanism. This reversible 

includes the cathodic peak at 0.65 V (Epc) which corresponds to the 

0.55 V (Epa) which is a 

characteristic of the reversible oxidation of Zn(I) to Zn(II). The reversible 

nature of this process is confirmed by the calculated current ratio value 

plex with the aerobic gases such as 

oxygen and carbon dioxide, the cyclic voltammogram of the complex in 

solution media was also recorded under aerobic conditions. It shows the 

b) as in the case of CV pattern of the complex run 

under nitrogen atmosphere. Moreover, the E1/2 values are found to be equal 

the CV analysis under both the environments. The ratio of the current values is 

equal to 1, which indicates the reversible nature of the electrochemical process. 

reactivity of complex with the aerobic gases in the 

solution media. Furthermore, the chemical inertness of the complex would be 

configuration is expected to be 

However, the Schiff base ligand AB with three 

electron withdrawing groups, viz. imino, carboxylato and amido groups, 

could make the complex more positively charged and favour the reduction of 

1977). It can also 

r the oxidation of 



 

Figure 4.32a Cyclic 

Figure 4.32b Cyclic 

 

a Cyclic voltammogram of ZnAB under N2 atmosphere

Cyclic voltammogram of ZnAB under aerobic condition
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4.5.9  Structure of ZnAB

 The results from the analytical and spectral data given above 

clearly demonstrate that the Schiff base ligand AB coordinate the Zn(II) ion 

through the imino nitrogen atom, the carboxylato oxygen atom of aspartic 

acid moiety and the amido oxygen atom of the isatin moiety. The final 

position of the four coordinated structure is bound by one chloride ion, 

making the complex electrically neutral. Tet

assigned to the complex ZnAB. The structure elucidated for the complex is 

drawn using ChemBioOffice 12.0 software and simulated for minimum 

energy and is given in Figure 4.

implies the stability of the complex.

In brief  

Colour   : Purple 

Yield   : 59 %  

Mol Formula  : 

% of Elements : 

IR (cm-1)   :1620, 1480, 1686, 

UV   : 290 nm

ΛM   : 23.2 S mol

µ   : 0 BM   

Total Energy  : 139.1951 k.cal/mol                                    

 

Structure of ZnAB 

The results from the analytical and spectral data given above 

clearly demonstrate that the Schiff base ligand AB coordinate the Zn(II) ion 

ugh the imino nitrogen atom, the carboxylato oxygen atom of aspartic 

acid moiety and the amido oxygen atom of the isatin moiety. The final 

position of the four coordinated structure is bound by one chloride ion, 

making the complex electrically neutral. Tetrahedral geometry has been 

assigned to the complex ZnAB. The structure elucidated for the complex is 

drawn using ChemBioOffice 12.0 software and simulated for minimum 

energy and is given in Figure 4.33.  The low energy of 139.1951 k.cal/mol, 

ability of the complex. 

: Purple  

: 59 %   

: C12H10N2O6ZnCl 

: C 39.28, H 2.23 and N 7.09 

:1620, 1480, 1686, 1350, 526, 476 and 440 

: 290 nm 

: 23.2 S mol-1cm2 

: 0 BM    

: 139.1951 k.cal/mol                                    

Figure 4.33 Structure of ZnAB 
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The results from the analytical and spectral data given above 

clearly demonstrate that the Schiff base ligand AB coordinate the Zn(II) ion 

ugh the imino nitrogen atom, the carboxylato oxygen atom of aspartic 

acid moiety and the amido oxygen atom of the isatin moiety. The final 

position of the four coordinated structure is bound by one chloride ion, 

rahedral geometry has been 

assigned to the complex ZnAB. The structure elucidated for the complex is 

drawn using ChemBioOffice 12.0 software and simulated for minimum 

.  The low energy of 139.1951 k.cal/mol, 

526, 476 and 440  

: 139.1951 k.cal/mol                                     
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 This chapter enumerates the characteris

ligand derived from isatin 

Co(II), Ni(II), Cu(II) and Zn(II). The characteris

elemental analysis, UV

Molar conductivity studies, Magnetic moment studies,

(TG/DTG), electroche

5.1  SCHIFF BASE LIGAND 

5.1.1  Elemental Analysis 

 The experimentally obtained elemental analysis data of AC are in 

good agreement with the theoretical values. The theoretical values are: 

(56.1%), H (5.07%) and N (10.06%) and the actually found values are C 

(55.93%), H (5.09%) and N (9.49%). This supports the formation of the 

Schiff base, AC from isatin and methionine. 

data of AC are presented in Table 5.

Table 5.1 Physical and 

Compound 
Molecular 

Formula

AC C13H14N2O

 

CHAPTER 5 

ISATIN –METHIONINE SYSTEM 

apter enumerates the characterisation of the Schiff base 

ligand derived from isatin and methionine (AC) and its co

(II) and Zn(II). The characterisation techniques 

elemental analysis, UV-Vis, FT-IR,13C NMR, XRD and ESR spectral studies,

Molar conductivity studies, Magnetic moment studies, Thermal analysis 

), electrochemical (CV) and Fluorescence studies. 

SCHIFF BASE LIGAND ISATIN (A)- METHIONINE(C

Analysis  

The experimentally obtained elemental analysis data of AC are in 

good agreement with the theoretical values. The theoretical values are: 

(56.1%), H (5.07%) and N (10.06%) and the actually found values are C 

(55.93%), H (5.09%) and N (9.49%). This supports the formation of the 

Schiff base, AC from isatin and methionine. The physical and the analytical 

presented in Table 5.1. 

Table 5.1 Physical and analytical Data of AC 

Molecular 

Formula 

Molecular 

Weight 

Melting 
Point 

°C 
Colour 

Elemental analysis

C 

O3S 278.33 227 
Light 

brown 

55.93 

(56.1) 

5.09

(5.07)
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ation of the Schiff base 

methionine (AC) and its complexes with 

ation techniques adopted are; 

NMR, XRD and ESR spectral studies, 

Thermal analysis 

METHIONINE(C ) [AC] 

The experimentally obtained elemental analysis data of AC are in 

good agreement with the theoretical values. The theoretical values are: C 

(56.1%), H (5.07%) and N (10.06%) and the actually found values are C 

(55.93%), H (5.09%) and N (9.49%). This supports the formation of the 

The physical and the analytical 

 

Elemental analysis 

H N 

5.09 

(5.07) 

9.49 

(10.06) 



 

5.1.2 13C NMR Spectra

 Figure 5.1 provides the 

it indicates various types of carbons in the compound which are chemically 

non-equivalent. The signals at 109.737 ppm

are due to carbons of isatin moieties

carbon(C=N) appears 

the carboxylate carbon. 

ppm are assigned to aromatic carbon

40.007 ppm. The signal appears at 1

CH3 carbon  (Patil et al.

              

5.1.3 Vibrational Spectral Studies

 The vibrational spectral data of the syn

AC are provided in Table 5.2. The FT

Figure 5.2 evidences characteristic bands at 3200 cm

be  assigned  to the stretching

NMR Spectra 

provides the 13C NMR spectra of the Schiff base AC and 

it indicates various types of carbons in the compound which are chemically 

equivalent. The signals at 109.737 ppm, 121.570 ppm and 12

e to carbons of isatin moieties. A characteristic signal for the imino 

 at 155.239 ppm. The signal at 183.521 ppm represents 

the carboxylate carbon. In addition, the signals obtained in the region 7

ppm are assigned to aromatic carbon. The methylene carbons are

07 ppm. The signal appears at 15.192 ppm may be due to the presence 

et al. 2011a).   

              Figure 5.113C NMR of the ligand AC 

Vibrational Spectral Studies 

The vibrational spectral data of the synthesised Schiff base ligand 

are provided in Table 5.2. The FT-IR spectrum of the ligand AC, given in 

Figure 5.2 evidences characteristic bands at 3200 cm-1& 3500 cm

stretching  vibration of the free - COOH group. 
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NMR spectra of the Schiff base AC and 

it indicates various types of carbons in the compound which are chemically 

ppm and 129.479 ppm 

tic signal for the imino 

The signal at 183.521 ppm represents 

signals obtained in the region 79.716 

are observed at 

.192 ppm may be due to the presence 

 

 

ed Schiff base ligand 

IR spectrum of the ligand AC, given in 

& 3500 cm-1 which can 

COOH group.   The band 



 

observed at 1712 cm-

isatin moiety present in

1340 cm-1can be assigned to the 

carboxylate group (-

1625 cm-1 could be assigned to 

formation of Schiff base from methionine and isatin. Furthermore

peaks noted in the region of 2900 cm

asymmetric -C-H stretches 

Table 5.2 IR Spectral Data of Schiff base AC

Compound 
ν

AC 

 

Figure 5.2 FT

5.1.4  Electronic Spectral Studies

 Table 5.3 shows

ligand AC.The UV-Visible spec

DMSO, in the range of 
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-1 can be attributed to the amido carbonyl 

isatin moiety present in the ligand, AB. The bands observed at 1470 cm

signed to the asymmetric and symmetric vibration of 

-COO) of methionine. The strong band observed at 

could be assigned to -C=N stretch which further confirms the 

formation of Schiff base from methionine and isatin. Furthermore

peaks noted in the region of 2900 cm-1 might be due to the symmetric and 

H stretches (Abu-Hussen and Linert 2009). 

Table 5.2 IR Spectral Data of Schiff base AC 

ν (C=N) 

(cm-1) 

ν (COO)Asym 

(cm-1) 

ν (COO)Sym 

(cm-1) 

1625 1470 1340 

Figure 5.2 FT-IR spectrum of AC 

Electronic Spectral Studies 

shows the electronic spectral data of the Schiff base 

Visible spectra of AC and its complexes were recorded in 

DMSO, in the range of 200-800 nm, at room temperature as 

3 0 0 0 2 5 0 0 2 0 0 0 1 5 0 0

W a v e n u m b e r  (  c m - 1  )
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amido carbonyl stretching of 

observed at 1470 cm-1and 

asymmetric and symmetric vibration of 

COO) of methionine. The strong band observed at  

C=N stretch which further confirms the 

formation of Schiff base from methionine and isatin. Furthermore, the small 

might be due to the symmetric and 

 

 ν (C=O) 

(cm-1) 
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the electronic spectral data of the Schiff base 

tra of AC and its complexes were recorded in 

800 nm, at room temperature as illustrated in 

1 0 0 0 5 0 0



 

Figure 5.3. The spectrum of AC shows significant absorption bands at 300 nm 

& 380 nm. These bands may be attributed to the 

-C=N and -C=O groups; and n

present in AC (Manikandan

Table 5.

Compound 
Absorption band

AC 

 

Figure 5.

5.1.5  Thermal Studies

 In the range of 0 to 800 

was recorded. Figure 5.4 provides the TG
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Figure 5.3. The spectrum of AC shows significant absorption bands at 300 nm 

& 380 nm. These bands may be attributed to the π-π* transitions

C=O groups; and n-π* transitions of –C=N and 

Manikandan et al. 2011). 

Table 5.3 Electronic spectral data of AC 

Absorption band 

(nm) 
Transition

300,380 Intraligand charge transfer

Figure 5.3 UV-Vis spectra of AC 

Thermal Studies 

In the range of 0 to 800 oC the thermogram of the Schiff base AC 

was recorded. Figure 5.4 provides the TG-DTG patterns of the ligand 
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Figure 5.3. The spectrum of AC shows significant absorption bands at 300 nm 

* transitions of -C=C,  

C=N and –C=O groups, 

Transition 

Intraligand charge transfer 

 

C the thermogram of the Schiff base AC 

DTG patterns of the ligand 

800

 



 

(AC).The Schiff base ligand AC shows three mass loss stages. 

0-100 � C (4.5%), 200

stage is due to the loss of 

second and third stages may be attributed to the decomposition of methionine 

group and the isatin moiety 

ligand all the thermal decays involved endothermic decomposition 

al. 2012). 

Figure 5.4 TG/DTG pattern of AC

5.1.6 Emission Spectral Studies

 The emission spectrum of the Schiff base ligand (AC) was studied 

in DMSO and has been 

the ligand AC emitted

fluorescent emission which is related to the energy gap between the 

molecular orbital of the 

attributed to the large dipole moment of the fluorescent excited state and the 
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(AC).The Schiff base ligand AC shows three mass loss stages. 

200-350 � C (41%) and 350-470 � C (

stage is due to the loss of water molecules and methanol from the ligand

second and third stages may be attributed to the decomposition of methionine 

group and the isatin moiety respectively. According to the DTG curve of the 

ligand all the thermal decays involved endothermic decomposition 

Figure 5.4 TG/DTG pattern of AC 

Emission Spectral Studies 

The emission spectrum of the Schiff base ligand (AC) was studied 

in DMSO and has been portrayed in Figure 5.5. Upon excitation at 295 nm, 

emitted at 436 nm in visible region, attributed to the intraligand 

fluorescent emission which is related to the energy gap between the 

molecular orbital of the π–conjugation of the ligand system

attributed to the large dipole moment of the fluorescent excited state and the 
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Temperature (0C) 
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(AC).The Schiff base ligand AC shows three mass loss stages. They are  

C (16%).The first 

from the ligand. The 

second and third stages may be attributed to the decomposition of methionine 

ly. According to the DTG curve of the 

ligand all the thermal decays involved endothermic decomposition (Swathy et 

 

The emission spectrum of the Schiff base ligand (AC) was studied 

n excitation at 295 nm, 

to the intraligand 

fluorescent emission which is related to the energy gap between the π → π* 

conjugation of the ligand system. This can be 

attributed to the large dipole moment of the fluorescent excited state and the 
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hydrogen bonds formed between AC and the solvent. 

fluorescence is probably quenched by the appearance of photo induced 

electron transfer (PET) process due to the presence of lone pair of electrons 

on the nitrogen atom of AC 

Figure 5.5 Emission spectra of AC

5.1.7  Powder XRD Analysis

 Powder XRD analysis was performed to obtain morphological 

evidence about the ligand, AC. The wide angle powder 

was recorded over the 2

XRD pattern of AC sho

spacing 3.20299. The trend of the curve decreases from maximum to 

minimum intensity indicating that AC is amorphous in nature 

2011c).  
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onds formed between AC and the solvent. 

fluorescence is probably quenched by the appearance of photo induced 

electron transfer (PET) process due to the presence of lone pair of electrons 

on the nitrogen atom of AC (Aazam et al. 2012).  

Figure 5.5 Emission spectra of AC 

Powder XRD Analysis 

Powder XRD analysis was performed to obtain morphological 

evidence about the ligand, AC. The wide angle powder -XRD pattern 

was recorded over the 2θ = 0 to 80 � range and is shown in Figure 5.6. The 

XRD pattern of AC shows its characteristic peak at 2θ = 21.8373 with d 

The trend of the curve decreases from maximum to 

minimum intensity indicating that AC is amorphous in nature 

410 420 430 440 450 460

 

Wavelength ( nm )
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onds formed between AC and the solvent. Moreover the 

fluorescence is probably quenched by the appearance of photo induced 

electron transfer (PET) process due to the presence of lone pair of electrons 

 

Powder XRD analysis was performed to obtain morphological 

XRD pattern of AC 

and is shown in Figure 5.6. The 

= 21.8373 with d 

The trend of the curve decreases from maximum to 

minimum intensity indicating that AC is amorphous in nature (Raman et al. 
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Figure 5.6 Powd

5.1.8  Structure of AC

Colour   :Light Brown 

Yield   : 68 %  

Mol Formula  : 

% of Elements : 

IR (cm-1)   : 1625, 1470

UV (nm)   : 300 and 380 

Total Energy  : 17.6813kcal/mol
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Figure 5.6 Powder XRD pattern of AC 

Structure of AC 

:Light Brown  

: 68 %   

: C13H14N2O3S 

: C 55.93, H 5.09 and N 9.49 

: 1625, 1470, 1340 and 1712 

: 300 and 380  

: 17.6813kcal/mol 

Figure 5.7 Structure of AC 
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5.2  Co(II)- ISATIN(A)

5.2.1  Elemental Analysis

 The complex CoAC is purple in colour. It is stable towards air, 

insoluble in water but soluble in organic solvents like DMSO. The 

experimentally obtained elemental analysis data and the theoretical values 

agree well with each other. It clearly shows that the stoichiometry of the 

complex is [Co(AC)Cl], and it supports the formation of the Schiff base 

complex.The physical and analytical data of CoAC 

Table 5.4. 

Table 5.

Complex 
Molecular 

Formula 

Molecular 

CoAC 
C13H14N2O3S 

CoCl 

 

5.2.2 Vibrational Spectral Studies

 In order to find out the structural aspects of the compounds the FT

IR Spectral studies are utilized. The vibrational spectrum of CoAC is 

portrayed in Figure 5.

to that of the free ligand AC, but with changes in the position of the 

absorption bands as well as the appearance of new peaks. The imino 

stretching frequency appears at 1621 cm

ligand AC. This shift to the lower 

coordination of the imino nitrogen atom to the Co(II) ion. Similarly, the 

ISATIN(A) -METHIONINE(C) COMPLEX  [CoAC]

Analysis 

The complex CoAC is purple in colour. It is stable towards air, 

insoluble in water but soluble in organic solvents like DMSO. The 

ined elemental analysis data and the theoretical values 

agree well with each other. It clearly shows that the stoichiometry of the 

complex is [Co(AC)Cl], and it supports the formation of the Schiff base 

The physical and analytical data of CoAC are

4   Physical and analytical data of CoAC

Molecular 

Weight 

Melting 
Point 

°C 
Colour 

Elemental analysis

(Theoretical values in parenthesis)

C H N 

372.7 230 Purple 
40.93 

(41.89) 

3.25 

(3.79) 

7.04

(7.52)

Vibrational Spectral Studies 

In order to find out the structural aspects of the compounds the FT

IR Spectral studies are utilized. The vibrational spectrum of CoAC is 

e 5.8 and the IR spectral data in Table 5.5. It is comparable 

to that of the free ligand AC, but with changes in the position of the 

absorption bands as well as the appearance of new peaks. The imino 

stretching frequency appears at 1621 cm-1, compared to 1625 cm

ligand AC. This shift to the lower frequency region clearly indicates the 

coordination of the imino nitrogen atom to the Co(II) ion. Similarly, the 
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METHIONINE(C) COMPLEX  [CoAC]  

The complex CoAC is purple in colour. It is stable towards air, 

insoluble in water but soluble in organic solvents like DMSO. The 

ined elemental analysis data and the theoretical values 

agree well with each other. It clearly shows that the stoichiometry of the 

complex is [Co(AC)Cl], and it supports the formation of the Schiff base 

arepresented in  

of CoAC 

Elemental analysis 

(Theoretical values in parenthesis) 

 Co Cl 

7.04 

(7.52) 

15.41 

(15.81) 

10.43 

(9.51) 

In order to find out the structural aspects of the compounds the FT-

IR Spectral studies are utilized. The vibrational spectrum of CoAC is 

. It is comparable 

to that of the free ligand AC, but with changes in the position of the 

absorption bands as well as the appearance of new peaks. The imino 

625 cm-1 of the free 

clearly indicates the 

coordination of the imino nitrogen atom to the Co(II) ion. Similarly, the 



 

absorption bands of 

group (-COO) of methionine ha

to 1466 cm-1 and 1310

ion with Co(II) ion. Moreover, the absorption peak due to the amido group 

(present in isatin moiety), has been shifted from 1

which signifies its coordination with the central Co(II) ion. Further, the 

appearance of new bands at 530 cm

formation of Co-N and Co

band at 420 cm-1 in the FTIR spectrum of the complex CoAC can be assigned 

to the Co- Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Co(II) ion through the imino nitrogen atom, and the 

carboxylato and amido oxygen atoms. The fourth position of the po

square planar arrangement is occupied by chloride ion. This makes the 

complex neutral, which is confirmed by the non

complex (Ali et al. 2011c

Table 5.

Compound 

ν 

(C=N) 

(cm-1) 

(COO)

AC 1625 

CoAC 1621 

 

of asymmetric and symmetric stretching of 

methionine have been shifted from 1470 cm-1

1310 cm-1 in CoAC, confirming the bonding of carboxylate 

ion with Co(II) ion. Moreover, the absorption peak due to the amido group 

(present in isatin moiety), has been shifted from 1712 cm-1 

which signifies its coordination with the central Co(II) ion. Further, the 

appearance of new bands at 530 cm-1 and 490 cm-1 authenticates the 

N and Co-O bonds respectively. Another new absorption 

he FTIR spectrum of the complex CoAC can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Co(II) ion through the imino nitrogen atom, and the 

carboxylato and amido oxygen atoms. The fourth position of the po

square planar arrangement is occupied by chloride ion. This makes the 

complex neutral, which is confirmed by the non-electrolytic nature of the 

2011c).  

Table 5.5 IR spectral data of CoAC 

ν 

(COO)Asym 

(cm-1) 

ν 

(COO)Sym 

(cm-1) 

ν 

(C=O) 

(cm-1) 

ν  

(M-N) 

(cm-1) 

(M

(cm

1470 1340 1712 - 

1466 1310 1690 530 
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asymmetric and symmetric stretching of carboxylate 

1and 1340 cm-1 

in CoAC, confirming the bonding of carboxylate 

ion with Co(II) ion. Moreover, the absorption peak due to the amido group 

 to 1690 cm-1, 

which signifies its coordination with the central Co(II) ion. Further, the 

authenticates the 

O bonds respectively. Another new absorption 

he FTIR spectrum of the complex CoAC can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Co(II) ion through the imino nitrogen atom, and the 

carboxylato and amido oxygen atoms. The fourth position of the possible 

square planar arrangement is occupied by chloride ion. This makes the 

electrolytic nature of the 

ν  

(M-O) 

(cm-1) 

ν  

(M-Cl) 

(cm-1) 

- - 

490 420 



 

Figure 5.

5.2.3  Electronic Spectral Studies

 In the electronic spectral studies the UV

was recorded in DMSO at room temperature in the range of (200

and is illustrated in Figure 5.

Table 5.6. The spectrum of the complex is of different pattern compared to 

that of the ligand AC. The UV

characteristic peak at 30

ligand AC. In addition, a new broad band found in 520 nm, which 

corresponds to 2A1g→

ion with the ligand. The entry of this salient d

spectrum suggests an approximate square planar geometry for the complex 

(Raman et al. 2005).  
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Figure 5.8 FT-IR spectrum of CoAC 

Electronic Spectral Studies 

In the electronic spectral studies the UV-Visible spectra of CoAC 

DMSO at room temperature in the range of (200

and is illustrated in Figure 5.9. The electronic spectral data are presented in 

The spectrum of the complex is of different pattern compared to 

that of the ligand AC. The UV-Visible spectrum of CoAC exhi

characteristic peak at 300 nm as found in the UV Visible spectrum of the 

ligand AC. In addition, a new broad band found in 520 nm, which 

→2B2g transition suggests the coordination of Co(II) metal 

ion with the ligand. The entry of this salient d-d transition band in UV

spectrum suggests an approximate square planar geometry for the complex 

 

3500 3000 2500 2000 1500 1000

Wave number (cm-1)

117 

 

 

Visible spectra of CoAC 

DMSO at room temperature in the range of (200-800 nm), 

The electronic spectral data are presented in 

The spectrum of the complex is of different pattern compared to 

of CoAC exhibits a 

0 nm as found in the UV Visible spectrum of the 

ligand AC. In addition, a new broad band found in 520 nm, which 

transition suggests the coordination of Co(II) metal 

d transition band in UV-Visible 

spectrum suggests an approximate square planar geometry for the complex 

500



 

Table 5.

Complex 
Absorption band

CoAC 

 

Figure 5.

5.2.4  Molar Conductivity Studies

 The molar conductance for CoAC complex was 

DMSO. The conductance data o

Table 5.7. The observed value of 

CoAC is non-electrolytic in nature. Hence, we 

present inside the coordination sphere and the complex is e

This is further confirmed by silver nitrate test. 
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Table 5.6 Electronic spectral data of CoAC 

Absorption band 
(nm) 

Transition Geometry

300 

520 

M-L CT 
2A1g→

2B2g 
Square planar

Figure 5.9 UV-Vis spectra of CoAC 

Molar Conductivity Studies 

The molar conductance for CoAC complex was 

DMSO. The conductance data of the synthesised CoAC complex is shown

. The observed value of 21.46 S cm2 mol-1, shows that the complex 

electrolytic in nature. Hence, we suggest that the chloride ion is 

present inside the coordination sphere and the complex is electrically neutral. 

This is further confirmed by silver nitrate test.  

300 400 500 600 7 00

W avelen gth  (nm )

118 

 

 

Geometry 

Square planar 

 

The molar conductance for CoAC complex was calculated in 

complex is shown in 

, shows that the complex 

that the chloride ion is 

lectrically neutral. 

8 00

 



 

                          Table 5.

Complex   Molar conductance (S cm

CoAC 

 

5.2.5  Magnetic Moment Studie

 The magnetic moment value of the complex CoAC, as 

Table 5.8, is 2.7 B.M, which is a characteristic of d

unpaired electron. Consequently, CoAB complex has square planar geometry 

with dsp2 hybridisation. 

electronic spectral studies.

Table 5.8 Magnetic moment value of CoAC complex

Complex 

CoAC 

 

5.2.6 Thermal Stud

 The TG-DTG patterns of the Schiff complex CoAC, given in 

Figure 5.10 shows three mass loss stages. The first stage

weight loss of 12% is due to the lo

molecules and chlorine atom

removed respectively at 30

loss of 15%). The residues which remain above 

According to the DTG curve of CoAC all the thermal decays involved are 

endothermic decomposition 

Table 5.7 Molar conductance data of CoAC complex

Molar conductance (S cm2 mol-1) Nature

21.46 Non-Electrolyte

Magnetic Moment Studies 

The magnetic moment value of the complex CoAC, as 

B.M, which is a characteristic of d7 Co(II) system with one 

unpaired electron. Consequently, CoAB complex has square planar geometry 

ation. This agrees well with the result obtained from 

electronic spectral studies. 

Magnetic moment value of CoAC complex

Magnetic moment, µeff (B.M) Geometry

2.7 Square planar

tudies 

DTG patterns of the Schiff complex CoAC, given in 

shows three mass loss stages. The first stage (50- 200 

is due to the loss of physically adsorbed water

molecules and chlorine atom. The methionine group and the isatin moiet

removed respectively at 300 � C (weight loss of 9%) and 42

The residues which remain above 600 � C are metal oxi

According to the DTG curve of CoAC all the thermal decays involved are 

endothermic decomposition (Swathy et al. 2012). 
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Molar conductance data of CoAC complex 

Nature 

Electrolyte 

The magnetic moment value of the complex CoAC, as provided in 

Co(II) system with one 

unpaired electron. Consequently, CoAB complex has square planar geometry 

the result obtained from 

Magnetic moment value of CoAC complex 

Geometry 

Square planar 

DTG patterns of the Schiff complex CoAC, given in 

200 � C)with a 

water, methanol 

. The methionine group and the isatin moiety are 

C (weight loss of 9%) and 420 � C(weight 

C are metal oxides. 

According to the DTG curve of CoAC all the thermal decays involved are 



 

Figure 5.

5.2.7  Emission Spectral Studies

 Emission spectra of the Schiff base complex CoAC was studied in 

DMSO. Figure 5.11 shows that 

437 nm with higher fluorescent intensity upon excitation 

be attributed to intraligand transition mixed with metal 

transfer (M-LCT) and are slightly red shifted when compared to that 

ligand. It has been observed that coordination of Co(II) ion with the ligand 

has quenched the fluorescence emission  
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Figure 5.10 TG/DTG pattern of CoAC 

Emission Spectral Studies 

Emission spectra of the Schiff base complex CoAC was studied in 

shows that CoAC exhibits the emission band at around 

fluorescent intensity upon excitation at 310

be attributed to intraligand transition mixed with metal - 

LCT) and are slightly red shifted when compared to that 

ligand. It has been observed that coordination of Co(II) ion with the ligand 

the fluorescence emission  (Ye et al. 2005). 
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Emission spectra of the Schiff base complex CoAC was studied in 

exhibits the emission band at around 

at 310 nm. This may 

 ligand charge 

LCT) and are slightly red shifted when compared to that of the 

ligand. It has been observed that coordination of Co(II) ion with the ligand 
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Figure 5.

5.2.8  Electrochemical Studies

 The cyclic Voltammogram of C

shows a significant electroche

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.62 V (Epc) which corresponds to the reduction of Co(II) to Co(I) 

and the anodic peak at 

oxidation of Co(I) to Co(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1

G et al. 2002). 
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Figure 5.11 Emission spectra of CoAC 

Electrochemical Studies 

The cyclic Voltammogram of CoAC is illustrated in Figure 5.

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.62 V (Epc) which corresponds to the reduction of Co(II) to Co(I) 

and the anodic peak at -0.54 V (Epa) which is a characteristic of the reversible 

oxidation of Co(I) to Co(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1

375 390 405 420 435 450 465 480

 

Wavelength ( nm )
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oAC is illustrated in Figure 5.12. It 

mical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.62 V (Epc) which corresponds to the reduction of Co(II) to Co(I) 

ristic of the reversible 

oxidation of Co(I) to Co(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1(Fernández-

480 495

 



 

Figure 5.

5.2.9  Structure of CoAC

 The findings from the analytical and spectral data given above 

clearly demonstrate that the Schiff base complex shows the stoichiometry 

[Co(AC) Cl]. The chlorid

the complex is electrically neutral. The Schiff base ligand AC coordinate the 

Co(II) ion through one imino nitrogen atom, one carboxylato oxygen from 

methionine moiety and one amido oxygen atom of isatin 

ion takes up the fourth position of the square planar structure. The structure 

elucidated for the complex is drawn using ChemBioOffice 12.0 software and 

simulated for minimum e

117.3855k.cal/mol, denote

favoured and the complex is stable.
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Figure 5.12Cyclic voltammogram of CoAC 

Structure of CoAC 

The findings from the analytical and spectral data given above 

that the Schiff base complex shows the stoichiometry 

[Co(AC) Cl]. The chloride ion is present inside the coordination sphere and 

the complex is electrically neutral. The Schiff base ligand AC coordinate the 

Co(II) ion through one imino nitrogen atom, one carboxylato oxygen from 

methionine moiety and one amido oxygen atom of isatin moiety. One chloride 

ion takes up the fourth position of the square planar structure. The structure 

elucidated for the complex is drawn using ChemBioOffice 12.0 software and 

simulated for minimum energy and is given in Figure 5.13. The low energy of 

55k.cal/mol, denotes that the complex formation is energetically 

favoured and the complex is stable. 
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The findings from the analytical and spectral data given above 

that the Schiff base complex shows the stoichiometry 

e ion is present inside the coordination sphere and 

the complex is electrically neutral. The Schiff base ligand AC coordinate the 

Co(II) ion through one imino nitrogen atom, one carboxylato oxygen from 

moiety. One chloride 

ion takes up the fourth position of the square planar structure. The structure 

elucidated for the complex is drawn using ChemBioOffice 12.0 software and 

The low energy of 

that the complex formation is energetically 

1.0

 



 

In brief 

Colour  : Purple

Yield  : 69 %  

Mol Formula : C13H

% of Elements  : C 40.93, H 3.25 and N 7.04

IR (cm-1)  : 1621, 1466, 

UV (nm)  : 300 and 520 

ΛM  : 21.46 S mol

µ  : 2.7 BM. 

Total energy : 117.3855k.cal/mol

5.3  Ni(II)-ISATIN(A)

5.3.1  Elemental Analysis

 The complex NiAC 

moisture, insoluble in water but soluble in organic solvents like DMSO. Both 

the elemental analysis data and the theoretical values agree well with each 

other. It clearly shows that NiAC forms with the expected stoichiometry

which supports the formation of the complex [Ni(AC)Cl

analytical data of NiAC 

Table 5.

Complex 
Molecular 
Formula 

Molecular 

NiAC 
C13H14N2O3S 

NiCl 

: Purple 

: 69 %   

H14N2O3SCoCl 

C 40.93, H 3.25 and N 7.04 

: 1621, 1466, 1310, 1690, 530, 490 and 420 

0 and 520  

: 21.46 S mol-1cm2 

: 2.7 BM.  

: 117.3855k.cal/mol 

Figure 5.13  Structure of CoAC 

ISATIN(A) -METHIONINE(C) COMPLEX [NiAC]

Analysis 

The complex NiAC is purple in colour. It is stable towards air and 

moisture, insoluble in water but soluble in organic solvents like DMSO. Both 

the elemental analysis data and the theoretical values agree well with each 

other. It clearly shows that NiAC forms with the expected stoichiometry

which supports the formation of the complex [Ni(AC)Cl]. The physical and 

analytical data of NiAC are shown in Table 5.9. 

Table 5.9Physical and Analytical Data of NiAC

Molecular 
Weight 

Melting 
Point 

°C 
Colour 

Elemental analysis

(Theoretical values in parenthesis)

C H N 

372.47 238 Purple 
41.27 

(41.91) 

3.40 

(3.79) 

7.09

(7.52)
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METHIONINE(C) COMPLEX [NiAC]  

r. It is stable towards air and 

moisture, insoluble in water but soluble in organic solvents like DMSO. Both 

the elemental analysis data and the theoretical values agree well with each 

other. It clearly shows that NiAC forms with the expected stoichiometry 

The physical and 

Physical and Analytical Data of NiAC 

Elemental analysis 

heoretical values in parenthesis) 

 Ni Cl 

7.09 

(7.52) 

15.32 

(15.76) 

10.09 

(9.52) 



 

5.3.2  Vibrational 

 In order to find out the structural aspects of the compound

Spectral studies are used. The vibrational spectrum of NiAC is 

Figure 5.14 and the spectral data in Table 5.

free ligand AC, but with changes in the position of the absorption bands as 

well as the appearance of new peaks. The imino stretching frequency appears 

at 1618 cm-1, compared to 1625 cm

lower energy clearly indicates the coordination of the imino nitrogen atom to 

the Ni(II) ion. Also

carboxylate group (-COO) of methionine ha
1and 1340 cm-1to 1466 cm

carboxylate ion with Ni(II) ion. Further, the absorption peak due to the amido 

group (present in isatin moiety), has been shifted from 1712 cm
1, which signifies its coordination with the central Ni(II) ion. In addition, the 

appearance of new bands at 531 cm

Ni-N and Ni-O bonds res

in the FTIR spectrum of the complex NiAC can be assigned to the Ni

present. Hence we can conclude that the Schiff base coordinates to Ni(II) ion 

through the imino nitrogen atom, and the carboxylato

atoms. The fourth position of the possible square planar arrangement is 

occupied by chloride ion. This makes the complex neutral, which is 

confirmed by the non

2006).   

Table 5.

Compound 
ν 

(C=N) 
(cm-1) 

(COO)

AC 1625 

NiAC 1618 
 

Vibrational Spectral Studies  

In order to find out the structural aspects of the compound

Spectral studies are used. The vibrational spectrum of NiAC is 

and the spectral data in Table 5.10. It is comparable to that of the 

free ligand AC, but with changes in the position of the absorption bands as 

appearance of new peaks. The imino stretching frequency appears 

, compared to 1625 cm-1 of the free ligand AC. This shift to the 

lower energy clearly indicates the coordination of the imino nitrogen atom to 

Also, the asymmetric and symmetric stretching

COO) of methionine have been shifted from 1470 cm

to 1466 cm-1and 1325 cm-1in NiAC, confirming the bonding of 

carboxylate ion with Ni(II) ion. Further, the absorption peak due to the amido 

roup (present in isatin moiety), has been shifted from 1712 cm

, which signifies its coordination with the central Ni(II) ion. In addition, the 

appearance of new bands at 531 cm-1 and 490 cm-1 confirms the formation of 

O bonds respectively. Another new absorption band at 425 cm

in the FTIR spectrum of the complex NiAC can be assigned to the Ni

present. Hence we can conclude that the Schiff base coordinates to Ni(II) ion 

through the imino nitrogen atom, and the carboxylato and amido oxygen 

atoms. The fourth position of the possible square planar arrangement is 

occupied by chloride ion. This makes the complex neutral, which is 

confirmed by the non-electrolytic nature of the complex (Chakraborty

Table 5.10 IR spectral data of NiAC 

ν 
(COO)Asym 

(cm-1) 

ν 
(COO)Sym 

(cm-1) 

ν (C=O) 
(cm-1) 

ν (M-N) 
(cm-1) 

(M
(cm

1470 1340 1712 - 

1466 1325 1690 531 
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In order to find out the structural aspects of the compounds, FT-IR 

Spectral studies are used. The vibrational spectrum of NiAC is illustrated in 

. It is comparable to that of the 

free ligand AC, but with changes in the position of the absorption bands as 

appearance of new peaks. The imino stretching frequency appears 

of the free ligand AC. This shift to the 

lower energy clearly indicates the coordination of the imino nitrogen atom to 

and symmetric stretching of the 

been shifted from 1470 cm-

in NiAC, confirming the bonding of 

carboxylate ion with Ni(II) ion. Further, the absorption peak due to the amido 

roup (present in isatin moiety), has been shifted from 1712 cm-1 to 1690 cm-

, which signifies its coordination with the central Ni(II) ion. In addition, the 

confirms the formation of 

pectively. Another new absorption band at 425 cm-1 

in the FTIR spectrum of the complex NiAC can be assigned to the Ni-Cl bond 

present. Hence we can conclude that the Schiff base coordinates to Ni(II) ion 

and amido oxygen 

atoms. The fourth position of the possible square planar arrangement is 

occupied by chloride ion. This makes the complex neutral, which is 

Chakraborty et al. 

ν  
(M-O) 
(cm-1) 

ν  
(M-Cl) 
(cm-1) 

- - 

490 425 



 

Figure 5.

5.3.3  Electronic Spectral 

The UV-Visible spectrum of NiAC was

800 nm) and is shown

given in Table 5.11.The UV

peak at 300 nm. In addition anoth

confirming the coordination of Ni(II) metal ion with the ligand. This 

absorption band corresponds to 

characteristic of four coordinated square planar geometry, with 

dsp2hybridisation for NiAC 

Table 5.

Compound 
Absorption band

NiAC 
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Figure 5.14 FT-IR spectrum of NiAC 

Electronic Spectral Studies 

spectrum of NiAC was taken in DMSO in the range of (200

800 nm) and is shown in Figure 5.15.The electronic spectral data of NiAC are 

The UV-Visible Spectrum of NiAC gives the evident 

peak at 300 nm. In addition another band is centered at around 50

the coordination of Ni(II) metal ion with the ligand. This 

absorption band corresponds to 1A1g →
1A2gtransition of the Ni(II) ion, and is 

characteristic of four coordinated square planar geometry, with 

hybridisation for NiAC (Ali et al. 2011b). 

Table 5.11 Electronic spectral data of NiAC 

Absorption band 
(nm) 

Transition Geometry

300 
500 

M-L CT 
1A1g →

1A2g 
Square planar

3500 3000 2500 2000 1500 1000

Wavenumber (cm -1)
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e range of (200-

The electronic spectral data of NiAC are 

Visible Spectrum of NiAC gives the evident 

and is centered at around 500 nm, 

the coordination of Ni(II) metal ion with the ligand. This 

transition of the Ni(II) ion, and is 

characteristic of four coordinated square planar geometry, with 

 

Geometry 

Square planar 

500



 

Figure 5.

5.3.4  Molar Conductivity Studies

 The molar conductance for NiA

DMSO. The conductance data of the synthesised NiA

Table 5.12. The observed value of 1

complex NiAC is non

present within the coordination sphere making the complex electrically 

neutral. This is also confirmed by the negative result seen in silver 

Table 5.12 

Complex Molar conductance (S cm

NiAC 
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Figure 5.15 UV-vis spectrum of NiAC 

Molar Conductivity Studies 

The molar conductance for NiAC complex was 

DMSO. The conductance data of the synthesised NiAC complex is 

. The observed value of 13.73 S cm2 mol-1, predicts

is non-electrolytic in nature, signifying that the chloride ion is 

present within the coordination sphere making the complex electrically 

neutral. This is also confirmed by the negative result seen in silver 

12 Molar conductance data of NiAC complex

Molar conductance (S cm2 mol-1) 

13.73 Non

300 400 500 600 700

Wavelength (nm)

126 

 

 

complex was measured in 

complex is shown in 

, predicts that the 

that the chloride ion is 

present within the coordination sphere making the complex electrically 

neutral. This is also confirmed by the negative result seen in silver nitrate test.   

complex 

Nature 

Non-Electrolyte 

800

 



 

 

5.3.5  Magnetic Moment Studies

 The geometry of NiA

measurement carried out at room temperature. 

moment value is zero (Table 5

NiACassigns to d8 Ni(II) system with no unpaired electron. This corresponds 

to the dsp2 hybridisation and hence square planar geometry around 

NiAC. 

Table 5.13 

Complex 

NiAC 

 

5.3.6 Thermal Stud

 Figure 5.16

The thermogram obtain

to the loss of physically adsorbed

methanol molecules at

loss at 300 � C (8%) 

decomposition of methionine group and isatin moiety respectively. The metal 

oxides are obtained as residues above 

of NiAC all the thermal decays involved endothermic decomposition 

2007). 

Magnetic Moment Studies 

The geometry of NiAC is further proved by the magnetic moment 

ed out at room temperature. The obtained

zero (Table 5.13). This zero magnetic moment of 

Ni(II) system with no unpaired electron. This corresponds 

hybridisation and hence square planar geometry around 

13 Magnetic moment value of NiAC complex

Magnetic moment, µeff (B.M) Geometry

0 Square planar

Studies 

16 provides the TG-DTG patterns of the complex NiAC. 

The thermogram obtained shows three mass loss stages.The first stage is due 

to the loss of physically adsorbed water molecules, chlorine atom and 

methanol molecules at 115 �C (27%). The second and third stages of mass 

(8%) and 400 � C (18%) may be attributed to the 

decomposition of methionine group and isatin moiety respectively. The metal 

re obtained as residues above 500 � C. According to the DTG curve 

of NiAC all the thermal decays involved endothermic decomposition 
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by the magnetic moment 

obtained magnetic 

3). This zero magnetic moment of 

Ni(II) system with no unpaired electron. This corresponds 

hybridisation and hence square planar geometry around Ni(II) in 

complex 

Geometry 

Square planar 

DTG patterns of the complex NiAC. 

.The first stage is due 

, chlorine atom and 

The second and third stages of mass 

may be attributed to the 

decomposition of methionine group and isatin moiety respectively. The metal 

C. According to the DTG curve 

of NiAC all the thermal decays involved endothermic decomposition (Sallam 



 

Figure 5.

5.3.7 Emission Spectral Studies 

 Emission spectra of the Schiff base complex NiAC

DMSO. Figure 5.17 

band at around 438 nm 

intraligand transition mixed with metal 

are slightly red shifted 

suggested that coordination of 

fluorescence emission  
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Figure 5.16  TG/DTG pattern of NiAC 

Emission Spectral Studies  

Emission spectra of the Schiff base complex NiAC 

shows that the NiAC complex exhibited the emission 

around 438 nm upon excitation at 310 nm. This may be attributed to 

intraligand transition mixed with metal - ligand charge transfer (M

are slightly red shifted comparable to that of the ligand. Further i

that coordination of Ni(II) ion with the ligand has 

fluorescence emission  (Wang &Yang 2008). 
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 was studied in 

shows that the NiAC complex exhibited the emission 

nm. This may be attributed to 

ligand charge transfer (M-LCT) and 

Further it has been 

has quenched the 
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Figure 5.

5.3.8 Electrochemical Studies 

 The cyclic voltammogram of NiAC is 

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversibl

peak at 0.49 V (Epc) which corresponds to the reduction of Ni(II) to Ni(I) and 

the anodic peak at -0.51V (Epa) which is a characteristic of the reversible 

oxidation of Ni(I) to Ni(II). The reversible nature of this process i

by the calculated current ratio value (ipc/ipa), which is equal to 1.
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ure 5.17 Emission spectrum of NiAC 

Electrochemical Studies  

The cyclic voltammogram of NiAC is illustrated in Figure 5.

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.49 V (Epc) which corresponds to the reduction of Ni(II) to Ni(I) and 

0.51V (Epa) which is a characteristic of the reversible 

oxidation of Ni(I) to Ni(II). The reversible nature of this process i

by the calculated current ratio value (ipc/ipa), which is equal to 1.
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illustrated in Figure 5.18. It 

shows a significant electrochemical process, which is found to follow the one 

e process includes the cathodic 

peak at 0.49 V (Epc) which corresponds to the reduction of Ni(II) to Ni(I) and 

0.51V (Epa) which is a characteristic of the reversible 

oxidation of Ni(I) to Ni(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1. 
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Figure 5.

5.3.9 Structure of NiAC

 The observations from the analytical and spectral data given above 

clearly reveals that the Schiff base li

through the imino nitrogen atom, the carboxylato oxygen atom of methionine 

group and the amido oxygen atom of isatin moiety, leading to the square 

planar geometry around the Ni(II) ion. The remaining one position is 

occupied by chloride ion. The structure 

using ChemBioOffice 12.0 software and simulated for minimum e

is given in Figure 5.19

the complex formation is energetically 
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Figure 5.18 Cyclic voltammogram of NiAC 

Structure of NiAC 

The observations from the analytical and spectral data given above 

clearly reveals that the Schiff base ligand AC coordinate the Ni(II) ion 

through the imino nitrogen atom, the carboxylato oxygen atom of methionine 

group and the amido oxygen atom of isatin moiety, leading to the square 

planar geometry around the Ni(II) ion. The remaining one position is 

ed by chloride ion. The structure expounded for the complex is drawn 

using ChemBioOffice 12.0 software and simulated for minimum e

19. The low energy of 128.3855k.cal/mol, indicate

the complex formation is energetically favoured. 
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The observations from the analytical and spectral data given above 

gand AC coordinate the Ni(II) ion 

through the imino nitrogen atom, the carboxylato oxygen atom of methionine 

group and the amido oxygen atom of isatin moiety, leading to the square 

planar geometry around the Ni(II) ion. The remaining one position is 

for the complex is drawn 

using ChemBioOffice 12.0 software and simulated for minimum energy and 

The low energy of 128.3855k.cal/mol, indicates that 
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In brief 

Colour   : Purple

Yield   : 72 %  

Mol Formula  : 

% of Elements :  

IR (cm-1)   :1618, 1466, 

UV (nm)   : 300 and 50

ΛM   : 13.73 S mol

µ   : 0 BM

Total energy  : 128.3855k.cal/mol

5.4  Cu(II)-ISATIN(A)

5.4.1  Elemental Analysis

 The complex CuAC is light brown in colour. It is stable towards 

air, insoluble in water and soluble in organic solvent lik

experimentally obtained elemental analysis data and the theoretical values are 

comparable, and it supports the formation of the complex. The stoichiometry 

of the complex has been found to be [Cu(AC)Cl]. 

data of CuAC are provided

Table 5.1

Complex 
Molecular 
Formula 

Molecular 

CuAC 
C13H14N2O3S 

CuCl 

 

: Purple 

: 72 %   

: C13H14N2O3SNi Cl 

:  C41.27, H 3.40 and N 7.09 

:1618, 1466, 1325, 1690, 531, 490 and 425.

: 300 and 500 

: 13.73 S mol-1cm2 

: 0 BM 

: 128.3855k.cal/mol 

Figure 5.19 Structure of NiAC 

ISATIN(A) -METHIONINE(C) COMPLEX  [CuAC]

Analysis 

The complex CuAC is light brown in colour. It is stable towards 

air, insoluble in water and soluble in organic solvent like DMSO. The 

experimentally obtained elemental analysis data and the theoretical values are 

comparable, and it supports the formation of the complex. The stoichiometry 

as been found to be [Cu(AC)Cl]. The physical and analytical 

provided in Table 5.14. 

14 Physical and Analytical Data of CuAC

Molecular 
Weight 

Melting 
Point 

°C 
Colour 

Elemental analysis

(Theoretical values in parenthesis)

C H N 

337.33 235 
Light 
brown 

40.05 

(41.38) 

3.58 

(3.74) 

7.97

(7.42)
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1690, 531, 490 and 425. 

METHIONINE(C) COMPLEX  [CuAC]  

The complex CuAC is light brown in colour. It is stable towards 

e DMSO. The 

experimentally obtained elemental analysis data and the theoretical values are 

comparable, and it supports the formation of the complex. The stoichiometry 

The physical and analytical 

4 Physical and Analytical Data of CuAC 

Elemental analysis 

(Theoretical values in parenthesis) 

 Cu Cl 

7.97 

(7.42) 

16.12 

(16.84) 

9.21 

(9.40) 



 

5.4.2  Vibrational 

 The FT-IR Spectral studies are very much useful to predict the 

structural aspects of the compounds. The vibrational spectrum of CuAC is 

shown in Figure 5.20,

that of the free ligand AC, but with changes in the position of the absorption 

bands as well as the appearance of new peaks. The imino stretching frequency 

appears at 1617 cm-1, compared t

to the lower frequency region 

nitrogen atom to the Cu (II) ion. 

symmetric stretching of 

been shifted from 1470 cm

CuAC, confirming the bonding of carboxylate ion with Cu(II) ion. 

addition, the absorption peak due to the amido group (present in isatin 

moiety), has been shifted from 1712 cm

its coordination with the central Cu(II) ion. Further, the appearance of new 

bands at 520 cm-1 and 495 cm

Cu-O bonds respectively. Another new absorption band at 428 cm

FTIR spectrum of the complex CuAC can be assigned to the Cu

present. Hence we can conclude that the Schiff base coordinates to Cu(II) ion 

through the imino nitrogen atom, and the carboxylato and amido oxygen 

atoms. Chloride ion may occupy the 

planar arrangement. This makes the complex neutral, which is confirmed by 

the non-electrolytic nature of the complex 

Table 5.

Compound 
 

ν (C=N) 
(cm-1) 

(COO)

AC 1625 

CuAC 1617 

Vibrational Spectral Studies 

IR Spectral studies are very much useful to predict the 

structural aspects of the compounds. The vibrational spectrum of CuAC is 

, and the spectral data in Table 5.15. It is comparable to 

that of the free ligand AC, but with changes in the position of the absorption 

bands as well as the appearance of new peaks. The imino stretching frequency 

, compared to 1625 cm-1 of the free ligand AC. This shift 

frequency region clearly indicates the coordination of the imino 

nitrogen atom to the Cu (II) ion. In the same way, the asymmetric and 

symmetric stretching of the carboxylate group (-COO) of methio

been shifted from 1470 cm-1and 1340 cm-1to 1466 cm-1and 1330 cm

CuAC, confirming the bonding of carboxylate ion with Cu(II) ion. 

, the absorption peak due to the amido group (present in isatin 

moiety), has been shifted from 1712 cm-1 to 1700 cm-1, which clearly shows 

its coordination with the central Cu(II) ion. Further, the appearance of new 

and 495 cm-1 clearly evidences the formation of Cu

O bonds respectively. Another new absorption band at 428 cm

FTIR spectrum of the complex CuAC can be assigned to the Cu

present. Hence we can conclude that the Schiff base coordinates to Cu(II) ion 

through the imino nitrogen atom, and the carboxylato and amido oxygen 

atoms. Chloride ion may occupy the fourth position of the possible square 

planar arrangement. This makes the complex neutral, which is confirmed by 

electrolytic nature of the complex (Antony et al. 2013a)

Table 5.15 IR spectral data of CuAC 

ν 
(COO)Asym 

(cm-1) 

ν 
(COO)Sym 

(cm-1) 

ν  
(C=O) 
(cm-1) 

ν  
(M-N) 
(cm-1) 

(M
(cm

1470 1340 1712 - 

1466 1330 1700 520 
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IR Spectral studies are very much useful to predict the 

structural aspects of the compounds. The vibrational spectrum of CuAC is 

. It is comparable to 

that of the free ligand AC, but with changes in the position of the absorption 

bands as well as the appearance of new peaks. The imino stretching frequency 

of the free ligand AC. This shift 

clearly indicates the coordination of the imino 

asymmetric and 

COO) of methionine have 

and 1330 cm-1in 

CuAC, confirming the bonding of carboxylate ion with Cu(II) ion. In 

, the absorption peak due to the amido group (present in isatin 

, which clearly shows 

its coordination with the central Cu(II) ion. Further, the appearance of new 

clearly evidences the formation of Cu-N and 

O bonds respectively. Another new absorption band at 428 cm-1 in the 

FTIR spectrum of the complex CuAC can be assigned to the Cu-Cl bond 

present. Hence we can conclude that the Schiff base coordinates to Cu(II) ion 

through the imino nitrogen atom, and the carboxylato and amido oxygen 

fourth position of the possible square 

planar arrangement. This makes the complex neutral, which is confirmed by 

).   

ν  
(M-O) 
(cm-1) 

ν  
(M-Cl) 
(cm-1) 

- - 

495 428 



 

Figure 5.

5.4.3 Electronic Spectral 

 UV-Visible spectroscopy is used to expound the geometry of CuAC 

and was recorded in DMSO at room temperature in the range of (200

as portrayed in Figure 5.

in Table 5.16. The spectrum of the complex is different when comparable 

with that of the ligand. Like AC it also exhibits characteristic band of 

n-π* at 320 nm in higher wavelength region

centered at around 420 nm is attributed to 

due to dsp2 hybridisation

(II). This also supports the coordination of Cu(II) metal ion with ligand AC 

(Babu et al. 2001). 
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Figure 5.20 FT-IR spectrum of CuAC 

Spectral Studies 

Visible spectroscopy is used to expound the geometry of CuAC 

and was recorded in DMSO at room temperature in the range of (200

in Figure 5.21. The electronic spectral data of CuAC are shown 

The spectrum of the complex is different when comparable 

that of the ligand. Like AC it also exhibits characteristic band of 

in higher wavelength region. In addition to this another band 

centered at around 420 nm is attributed to 2B1g →
2A1g d-d transition arising 

ation leading to square planar geometry around copper 

(II). This also supports the coordination of Cu(II) metal ion with ligand AC 
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Visible spectroscopy is used to expound the geometry of CuAC 

and was recorded in DMSO at room temperature in the range of (200-800 nm) 

The electronic spectral data of CuAC are shown 

The spectrum of the complex is different when comparable 

that of the ligand. Like AC it also exhibits characteristic band of π-π*and 

. In addition to this another band 

d transition arising 

leading to square planar geometry around copper 

(II). This also supports the coordination of Cu(II) metal ion with ligand AC 

500

 



 

Table 

Complex 
Absorption band

CuAC 

 

 

Figure 5.

5.4.4  Molar Conductivity Studies

 The conductance data of the synthesised CuAC complex is 

measured in DMSO and pr

14.95 S cm2 mol-1, exposes

nature. Thus, the CuAC complex is electrically neutral with the chloride ion 

present inside the coordination sphere, and it is also confirmed by the 

negative result seen in 

200
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Table 5.16 Electronic spectral data of CuAC 

Absorption band 

(nm) 
Transition Geometry

320 

420 

M-L CT 
2B1g →

2A1g 
Square planar

Figure 5.21 UV-visible spectrum of CuAC 

Molar Conductivity Studies 

The conductance data of the synthesised CuAC complex is 

in DMSO and presented in Table 5.17. The observed value of 

exposes that the complex CuAC is non-

AC complex is electrically neutral with the chloride ion 

present inside the coordination sphere, and it is also confirmed by the 

result seen in silver nitrate test. 

300 400 500 600 700

Wavelength (nm)
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Geometry 

Square planar 

 

The conductance data of the synthesised CuAC complex is 

. The observed value of  

-electrolytic in 

AC complex is electrically neutral with the chloride ion 

present inside the coordination sphere, and it is also confirmed by the 

800

 



 

Table 5.17 

Complex Molar conductance (S cm

CuAC 

 

5.4.5  Magnetic Moment Studies

 The magnetic moment measurement for CuA

room temperature. The observed magnetic moment value is 

(Table 5.18). It is close

d9 Cu(II) system with single  unpaired electron in an essentially d 

and suggests square planar geometry with dsp

the results of electronic spectral studies.

Table 5.18 

Complex 

CuAC 

 

5.4.6 Thermal Studies

 Thermal properties have been analy

Figure 5.22 provides the TG

CuAC shows three mass loss stages

molecules, chlorine atom and methanol molecules in the range of 

with a weight loss of 7%

decomposition of methionine group ar

12%, and the isatin moiety at 470

17 Molar conductance data of CuAC complex

Molar conductance (S cm2 mol-1) Nature

14.95 Non-Electrolyte

Magnetic Moment Studies 

The magnetic moment measurement for CuAC was also 

room temperature. The observed magnetic moment value is 

closer to the spin only magnetic moment value 1.73 B.M of 

Cu(II) system with single  unpaired electron in an essentially d 

and suggests square planar geometry with dsp2 hybridisation, authenticating 

the results of electronic spectral studies. 

 Magnetic moment value of CuAC complex

Magnetic moment, µeff (B.M) Geometry

1.64 Square planar

Thermal Studies 

Thermal properties have been analysed by the TG

provides the TG-DTG patterns of CuAC. The thermogram of 

ree mass loss stages. The first stage is due to the loss of water 

, chlorine atom and methanol molecules in the range of 

with a weight loss of 7%.The second and third stages may be attributed to the 

decomposition of methionine group around 310 � C with a weight

12%, and the isatin moiety at 470 � C with a weight loss of 19%
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complex 

Nature 

Electrolyte 

was also taken at 

room temperature. The observed magnetic moment value is 1.64 B.M  

oment value 1.73 B.M of 

Cu(II) system with single  unpaired electron in an essentially d x2-y2 orbital 

hybridisation, authenticating 

complex 

Geometry 

Square planar 

ed by the TG-DTG pattern. 

DTG patterns of CuAC. The thermogram of 

The first stage is due to the loss of water 

, chlorine atom and methanol molecules in the range of (50-210 �C) 

.The second and third stages may be attributed to the 

a weight loss of 

with a weight loss of 19%. The 



 

remaining material is

According to the DTG curves of CuAC all the thermal decays involved 

endothermic decomposition 

Figure 5.

5.4.7 Emission Spectral Studies 

 Figure 5.23

exhibited the emission band at around 435 nm on excitation at 

may be attributed to intraligand transition mixed with 

transfer (M-LCT) and are slightly red shifted when compared to that of the 

ligand. It has been observed that coordination of Co(II) ion with the ligand 

has quenched the fluorescence emission which is defined as chelation 

enhanced fluorescence intensity  

 

material is the residual metal oxide obtained above 700

According to the DTG curves of CuAC all the thermal decays involved 

composition (Swathy et al. 2012). 

gure 5.22TG/DTG pattern of CuAC 

Emission Spectral Studies  

23 show that the emission spectra of CuAC complex, 

emission band at around 435 nm on excitation at 

may be attributed to intraligand transition mixed with metal -

LCT) and are slightly red shifted when compared to that of the 

ligand. It has been observed that coordination of Co(II) ion with the ligand 

has quenched the fluorescence emission which is defined as chelation 

rescence intensity  (Basak et al. 2008). 
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the residual metal oxide obtained above 700 �C. 

According to the DTG curves of CuAC all the thermal decays involved 

 

that the emission spectra of CuAC complex, 

emission band at around 435 nm on excitation at 310 nm. This 

- ligand charge 

LCT) and are slightly red shifted when compared to that of the 

ligand. It has been observed that coordination of Co(II) ion with the ligand 

has quenched the fluorescence emission which is defined as chelation 



 

Figure 5.

5.4.8 Electrochemical Studies 

 The cyclic voltammogram of C

shows a significant elec

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.48 V (Epc) which corresponds to the reduction of Cu(II) to Cu(I) 

and the anodic peak at 

oxidation of Cu(I) to Cu(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1 

al. 2011d). 
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Figure 5.23 Emission spectra of CuAC 

Electrochemical Studies  

The cyclic voltammogram of CuAC is illustrated in Figure 5.

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.48 V (Epc) which corresponds to the reduction of Cu(II) to Cu(I) 

and the anodic peak at -0.51 V (Epa) which is a characteristic of the reversible 

oxidation of Cu(I) to Cu(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1 
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uAC is illustrated in Figure 5.24. It 

trochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.48 V (Epc) which corresponds to the reduction of Cu(II) to Cu(I) 

aracteristic of the reversible 

oxidation of Cu(I) to Cu(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1 (Raman et 

480 495



 

Figure 5.

5.4.9 Powder XRD Analysis

 The powder XRD of CuAC 

to 80 � with maxima at 2

distance = 3.18712 was 

of CuAC clearly proves that CuAC is crystalline in nature. It is further 

confirmed by calculating the grain size of CuAC using Sche

dxrd=  0.9λ / βcosθ, where  d

radiation, β is the full 

hkl plane. CuAC is nano

2007).  
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Figure 5.24 Cyclic Voltammogram of CuAC 

Powder XRD Analysis 

The powder XRD of CuAC measured between 2θ ranging from 

with maxima at 2θ = 27.9964 corresponds to the inter

distance = 3.18712 was exemplified in Figure 5.25. The powder XRD pattern 

of CuAC clearly proves that CuAC is crystalline in nature. It is further 

firmed by calculating the grain size of CuAC using Sche

where  dxrd is the particle size, λ is the wavelength of the 

 is the full – width half maximum and θ is the diffraction angle for 

hkl plane. CuAC is nanocrystalline with grain size 27.04 nm 
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ranging from 0 � 

27.9964 corresponds to the inter-planar  

. The powder XRD pattern 

of CuAC clearly proves that CuAC is crystalline in nature. It is further 

firmed by calculating the grain size of CuAC using Scherrer’s formula 

 is the wavelength of the 

 is the diffraction angle for 

crystalline with grain size 27.04 nm (Basak et al. 

1.0



 

Figure 

5.4.10 ESR Spectroscopy

 EPR spectral studies of transition metal (II) complexes provide 

information about the distribution of unpaired electrons and the metal ion

environment. The EPR spectra of the CuAC complex recorded in DMSO at 

room temperature is shown in the Figure 5.

g� value is 2.25 and the g 

that the unpaired electr

characteristic of the square planar geometry. The g

2.17.The deviation of g

character. Finally G is calculated by using the expressio

G value of 2.5 indicates negligible exchange interaction between metal 

centre’s in solid complex. Therefore ESR studies confirms that the complex 

exhibits square planar geometry
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Figure 5.25 XRD pattern of CuAC 

ESR Spectroscopy 

EPR spectral studies of transition metal (II) complexes provide 

information about the distribution of unpaired electrons and the metal ion

environment. The EPR spectra of the CuAC complex recorded in DMSO at 

ature is shown in the Figure 5.26. It has been observed that the 

value is 2.25 and the g ┴ value is 2.1.The trend g�> g┴ > 2.0023 indicated 

that the unpaired electron is localised in the dx2-y2 of the Cu(II) ion and is 

characteristic of the square planar geometry. The gave was found to be 

2.17.The deviation of gave from that of the free electron is due to the covalent 

character. Finally G is calculated by using the expression G=g

G value of 2.5 indicates negligible exchange interaction between metal 

centre’s in solid complex. Therefore ESR studies confirms that the complex 

exhibits square planar geometry  (Patil et al. 2011b).  
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EPR spectral studies of transition metal (II) complexes provide 

information about the distribution of unpaired electrons and the metal ion 

environment. The EPR spectra of the CuAC complex recorded in DMSO at 

. It has been observed that the 

> 2.0023 indicated 

of the Cu(II) ion and is 

was found to be 

from that of the free electron is due to the covalent 

n G=g� -2/g┴-2 .The 

G value of 2.5 indicates negligible exchange interaction between metal 

centre’s in solid complex. Therefore ESR studies confirms that the complex 

80

 



 

Figure 5.

5.4.11 Structure of CuAC

 The analytical and spectral data shown above clearly 

that the Schiff base ligand AC coordinate the Cu(II) ion through the imino 

nitrogen atom, the carboxylato oxygen atom of met

amido oxygen atom of isatin moiety. Since, the complex CuAC exhibits 

square planar geometry, we conclude that the remaining position is bonded 

with a chloride ion. The structure 

using ChemBioOffice 12.0 software and simulated for minimum e

is given in Figure 5.27

stability of the complex.
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Figure 5.26 ESR spectrum of CuAC 

Structure of CuAC 

The analytical and spectral data shown above clearly 

that the Schiff base ligand AC coordinate the Cu(II) ion through the imino 

nitrogen atom, the carboxylato oxygen atom of methionine moiety and the 

amido oxygen atom of isatin moiety. Since, the complex CuAC exhibits 

square planar geometry, we conclude that the remaining position is bonded 

with a chloride ion. The structure demonstrated for the complex is drawn 

ce 12.0 software and simulated for minimum e

27. The low energy of 122.3855k.cal/mol, signif

stability of the complex. 
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The analytical and spectral data shown above clearly exemplifies 

that the Schiff base ligand AC coordinate the Cu(II) ion through the imino 

hionine moiety and the 

amido oxygen atom of isatin moiety. Since, the complex CuAC exhibits 

square planar geometry, we conclude that the remaining position is bonded 

for the complex is drawn 

ce 12.0 software and simulated for minimum energy and 

. The low energy of 122.3855k.cal/mol, signifies the 
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In brief 

Colour   : Light Brown 

Yield   : 76 %  

Mol Formula  : 

% of Elements : 

IR (cm-1)   :1617, 1466, 

UV (nm)   : 320 and 420

ΛM   : 14.95 S mol

µ   : 1.64

Total energy  : 

5.5  Zn(II)-ISATIN(A)

5.5.1  Elemental Analysis

 The ZnAC complex is Orange in colour and stabl

moisture. It is soluble in organic solvents like DMSO and not in water. The 

experimental elemental analytic data and the theoretical values are close to 

each other. The stoichiometry of the complex is found to be [Zn(AC)Cl], 

which also supports the formation of the complex. 

analytical data of ZnAC are 

Table 5.

Complex 
Molecular 
Formula 

Molecular 

ZnAC 
C13H14N2O3S 

ZnCl 

 

: Light Brown  

: 76 %   

: C13H14N2O3SCuCl 

: C 40.05, H 3.58 and N 7.97 

:1617, 1466, 1330, 1700, 520, 495 and 428

: 320 and 420 

: 14.95 S mol-1cm2 

: 1.64 BM 

 122.3855k.cal/mol                            

Figure 5.27  Structure of CuAC 

ISATIN(A) -METHIONINE(C) COMPLEX  [ZnAC] 

Analysis 

The ZnAC complex is Orange in colour and stable towards air and 

moisture. It is soluble in organic solvents like DMSO and not in water. The 

experimental elemental analytic data and the theoretical values are close to 

each other. The stoichiometry of the complex is found to be [Zn(AC)Cl], 

pports the formation of the complex. The physical and 

analytical data of ZnAC are specified in Table 5.19. 

.19Physical and analytical data of ZnAC

Molecular 
Weight 

Melting 
Point 

°C 
Colour 

Elemental analysis

(Theoretical values in parenthesis)

C H N 

379.17 232 Orange 
40.28 

(41.18) 

2.93 

(3.72) 

7.09

(7.39)
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1700, 520, 495 and 428 

METHIONINE(C) COMPLEX  [ZnAC]  

e towards air and 

moisture. It is soluble in organic solvents like DMSO and not in water. The 

experimental elemental analytic data and the theoretical values are close to 

each other. The stoichiometry of the complex is found to be [Zn(AC)Cl], 

The physical and the 

of ZnAC 

Elemental analysis 

values in parenthesis) 

 Zn Cl 

7.09 

(7.39) 

18.09 

(17.25) 

9.89 

(9.35) 



 

5.5.2  Vibrational Spectral 

 The FT-IR Spectral studies are utilis

aspects of the compounds. The vibrational spectrum of ZnAC is 

Figure 5.28 and the spectral data in Table 5.

free ligand AC, but with significant changes in the position of the absorption 

bands as well as the appea

appears at 1615 cm-1, compared to 1625 cm

to the lower frequency region

nitrogen atom to the Zn(II) ion. Similarly, the 

stretching of the carboxylate group (

from 1470 cm-1and 1340 cm

the bonding of carboxylate ion with Zn(II) ion. 

to the amido group (present in isatin moiety), has been shifted from 1712 cm

to 1700 cm-1, which signifies its coordination with the central Zn(II) ion. 

Further, the appearance of new bands at 530 cm

formation of Zn-N and Zn

band at 420 cm-1 in the FTIR spectrum of the complex ZnAC can be assigned 

to the Zn-Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Zn(II) ion through the imino nitrogen atom, and the 

carboxylato and amido oxygen atoms. The fourth position of the possible 

square planar arrangement is occupied by chloride ion. This makes the 

complex neutral, which is 

complex (Ferraro 2012

Table 5.

Compound 
ν  

(C=N) 
(cm-1) 

(COO)

AC 1625 

ZnAC 1615 

Vibrational Spectral Studies 

IR Spectral studies are utilised to obtain the structural 

ts of the compounds. The vibrational spectrum of ZnAC is 

and the spectral data in Table 5.20. It is comparable to that of the 

free ligand AC, but with significant changes in the position of the absorption 

bands as well as the appearance of new peaks. The imino stretching frequency 

, compared to 1625 cm-1 of the free ligand AC. This shift 

frequency region clearly indicates the coordination of the imino 

nitrogen atom to the Zn(II) ion. Similarly, the asymmetric and symmetric 

of the carboxylate group (-COO) of methionine have

and 1340 cm-1to 1468 cm-1and 1328 cm-1in ZnAC, confirming 

the bonding of carboxylate ion with Zn(II) ion. Also, the absorption peak due 

amido group (present in isatin moiety), has been shifted from 1712 cm

, which signifies its coordination with the central Zn(II) ion. 

Further, the appearance of new bands at 530 cm-1 and 490 cm

N and Zn-O bonds respectively. Another new absorption 

in the FTIR spectrum of the complex ZnAC can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Zn(II) ion through the imino nitrogen atom, and the 

ato and amido oxygen atoms. The fourth position of the possible 

square planar arrangement is occupied by chloride ion. This makes the 

complex neutral, which is suggested by the non-electrolytic nature of the 

Ferraro 2012).   

Table 5.20 IR spectral data of ZnAC 

ν 
(COO)Asym 

(cm-1) 

ν 
(COO)Sym 

(cm-1) 

ν  
(C=O) 
(cm-1) 

ν  
(M-N) 
(cm-1) 

(M
(cm

1470 1340 1712 - 

1468 1328 1700 530 
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ed to obtain the structural 

ts of the compounds. The vibrational spectrum of ZnAC is portrayed in 

. It is comparable to that of the 

free ligand AC, but with significant changes in the position of the absorption 

rance of new peaks. The imino stretching frequency 

of the free ligand AC. This shift 

clearly indicates the coordination of the imino 

symmetric and symmetric 

ve been shifted 

in ZnAC, confirming 

the absorption peak due 

amido group (present in isatin moiety), has been shifted from 1712 cm-1 

, which signifies its coordination with the central Zn(II) ion. 

and 490 cm-1 confirms the 

respectively. Another new absorption 

in the FTIR spectrum of the complex ZnAC can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Zn(II) ion through the imino nitrogen atom, and the 

ato and amido oxygen atoms. The fourth position of the possible 

square planar arrangement is occupied by chloride ion. This makes the 

electrolytic nature of the 

ν  
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Figure 5.

5.5.3  Electronic Spectral 

 The electronic spectral data of ZnAC are displayed in Table 5.

In the electronic spectrum of ZnAC

with some changes, both in intensity and position. This may be due to the 

coordination of Zn(II) with the lig

transition arising due to metal to ligand 

appearance of these bands at 285 nm. Normally, the geometry of the metal 

complexes around metal ion can be found out using the d

electronic spectroscopy above 400 nm. However, the Zn(II) complexes due to 

the completely filled d

no absorption band above 400 nm 

four coordinated Zn(II) complex may be assigned a tetrahedral geometry. 
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Figure 5.28 FT-IR Spectrum of ZnAC 

Electronic Spectral Studies  

The electronic spectral data of ZnAC are displayed in Table 5.

In the electronic spectrum of ZnAC (Figure 5.29), the bands are present but 

with some changes, both in intensity and position. This may be due to the 

coordination of Zn(II) with the ligand L. Moreover, the charge

transition arising due to metal to ligand π-back bonding contributes to the 

appearance of these bands at 285 nm. Normally, the geometry of the metal 

complexes around metal ion can be found out using the d-d transitions in 

electronic spectroscopy above 400 nm. However, the Zn(II) complexes due to 

the completely filled d10 configuration, do not exhibit d-d transition and show 

no absorption band above 400 nm (Kursunlu et al. 2013). Nevertheless, the 

d Zn(II) complex may be assigned a tetrahedral geometry. 
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The electronic spectral data of ZnAC are displayed in Table 5.21. 

the bands are present but 

with some changes, both in intensity and position. This may be due to the 

L. Moreover, the charge-transfer 

back bonding contributes to the 

appearance of these bands at 285 nm. Normally, the geometry of the metal 

d transitions in the 

electronic spectroscopy above 400 nm. However, the Zn(II) complexes due to 

d transition and show 

. Nevertheless, the 

d Zn(II) complex may be assigned a tetrahedral geometry.  
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Table 5.

Complex 
Absorption band

ZnAC No bands in visible region

 

Figure 

5.5.4  Molar Conductivity Studies

 The molar conductance of the synthesised ZnA

in DMSO and shown 

be an evidence fornon

indicates that the ZnA

within the coordination sphere, which is further 

noticed in silver nitrate test. 
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Table 5.21 Electronic spectral data of ZnAC 

Absorption band 
(nm) 

Transition 

No bands in visible region No d-d transition 

Figure 5.29 UV-visible spectrum of ZnAC 

Molar Conductivity Studies 

The molar conductance of the synthesised ZnAC complex is taken 

 in Table 5.22. The observed value of 24.8

be an evidence fornon-electrolytic nature of the complex ZnA

t the ZnAC complex is electrically neutral having the chloride ion 

within the coordination sphere, which is further proved by the negative 

silver nitrate test.  
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Wavelength ( nm )
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Geometry 

 Tetrahedral 

 

complex is taken 

4.8 S cm2 mol-1, 

the complex ZnAC. This 

complex is electrically neutral having the chloride ion 

the negative result, 
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Complex   Molar conductance (S cm

ZnAC 

 

5.5.5  Magnetic Moment Studies

 The magnetic moment for ZnA

temperature. The obtained magnetic moment value is zero (Table 

zero magnetic moment of ZnA

electron. It also support

hybridisation in ZnAC

Table 5.23 

Complex 

ZnAC 

 

5.5.6 Thermal Stud

 Figure 5.30 

mass loss stages. They are 

� C(21%). The first stage is due to 

molecules and chlorine atom

may be attributed to the decomposition of methionine group and the isatin 

moiety respectively. The residual metal oxides are obtained above 

According to the DTG curves of ZnAC all the thermal decays involved 

endothermic decomposition.

Table 5.22 Molar conductance data of ZnAC

Molar conductance (S cm2 mol-1) Nature

24.8 Non-Electrolyte

Magnetic Moment Studies 

The magnetic moment for ZnAC was measured at room 

temperature. The obtained magnetic moment value is zero (Table 

zero magnetic moment of ZnAC assigns to d10 Zn(II) system with no un

electron. It also supports the tetrahedral geometry around Zn(II) with sp

C. 

 Magnetic moment value of ZnAC complex

Magnetic moment, µeff (B.M) Geometry

0 Tetrahedral

tudies 

 provides the TG-DTG patterns of ZnAC. 

They are 0-220 � C (7%), 250-370 � C (21%) 

The first stage is due to the loss of water molecules

chlorine atom from the complex. The second and third stages 

may be attributed to the decomposition of methionine group and the isatin 

The residual metal oxides are obtained above 

According to the DTG curves of ZnAC all the thermal decays involved 

endothermic decomposition. 
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Nature 

Electrolyte 

was measured at room 

temperature. The obtained magnetic moment value is zero (Table 5.23). This 

Zn(II) system with no unpaired 

s the tetrahedral geometry around Zn(II) with sp3 

complex 

Geometry 

Tetrahedral 

DTG patterns of ZnAC. It shows three 

%) and 370-500 

water molecules, methanol 

. The second and third stages 

may be attributed to the decomposition of methionine group and the isatin 

The residual metal oxides are obtained above 600 � C. 

According to the DTG curves of ZnAC all the thermal decays involved 



 

Figure 5.3

5.5.7 Emission Spectral Studies 

 Emission spectra of the Schiff base complex ZnAC was studied in 

DMSO. Figure 5.31 s

438 nm with maximum intensity (higher than the ligand)

295 nm.The ZnAC compl

are difficult to oxidize or reduce due to their stable

et al. 2007). Further the emission of light is assigned as relaxation from higher 

energy level to lower energy level due to the intraligand transitions. 
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Figure 5.30 TG/DTG pattern of ZnAC 

Emission Spectral Studies  

Emission spectra of the Schiff base complex ZnAC was studied in 

shows that ZnAC exhibited the emission band at around 

438 nm with maximum intensity (higher than the ligand) upon excitation at 

complex exhibit strong fluorescence, since the Zn(II) ions 

are difficult to oxidize or reduce due to their stable d10 configurations 

Further the emission of light is assigned as relaxation from higher 

energy level to lower energy level due to the intraligand transitions. 

 

 

 

200 300 400 500 600 700

Temperature (oC)

146 

 

 

Emission spectra of the Schiff base complex ZnAC was studied in 

exhibited the emission band at around 

upon excitation at 

since the Zn(II) ions 

configurations (Basak 

Further the emission of light is assigned as relaxation from higher 

energy level to lower energy level due to the intraligand transitions.  

-160

-140

-120

-100

-80

-60

-40

-20

0

20

40
H

eat flo
w

 (m
icro

vo
lts)



 

Figure 5.

5.5.8 Electrochemical Studies 

 The cyclic voltammogram of Z

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.51 V (Epc) which corresp

and the anodic peak at 

oxidation of Zn(I) to Zn(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), 

al.  2011). 
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Figure 5.31 Emission spectrum of ZnAB 

Electrochemical Studies  

The cyclic voltammogram of ZnAC is illustrated in Figure 5.

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.51 V (Epc) which corresponds to the reduction of Zn(II) to Zn(I) 

and the anodic peak at -0.49 V (Epa) which is a characteristic of the reversible 

oxidation of Zn(I) to Zn(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1(Raman 
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nAC is illustrated in Figure 5.32. It 

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

onds to the reduction of Zn(II) to Zn(I) 

0.49 V (Epa) which is a characteristic of the reversible 

oxidation of Zn(I) to Zn(II). The reversible nature of this process is confirmed 

h is equal to 1(Raman et 

460 470

 



 

Figure 5.

5.5.9 Structure of ZnAC

 The results from the analytical and spectral data given above 

clearly demonstrate that the Schiff base ligand AC coordinate the Zn(II) ion 

through the imino nitrogen atom, the carboxylato oxygen atom of methionine 

group and the amido oxygen atom of the isatin moiety. The final position of 

the four coordinated structure is bound by one chloride ion, making the 

complex electrically neutral. Tetrahedral g

complex ZnAC. The 

ChemBioOffice 12.0 software and simulated for minimum e

given in Figure 5.33. The low energy of 147.2181 k.cal/mol, impl

stability of the complex.
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Figure 5.32 Cyclic voltammogram of ZnAC 

Structure of ZnAC 

The results from the analytical and spectral data given above 

clearly demonstrate that the Schiff base ligand AC coordinate the Zn(II) ion 

e imino nitrogen atom, the carboxylato oxygen atom of methionine 

group and the amido oxygen atom of the isatin moiety. The final position of 

the four coordinated structure is bound by one chloride ion, making the 

complex electrically neutral. Tetrahedral geometry has been assigned to the 

complex ZnAC. The structure explicated for the complex is drawn using 

ChemBioOffice 12.0 software and simulated for minimum e

. The low energy of 147.2181 k.cal/mol, impl

the complex. 
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The results from the analytical and spectral data given above 

clearly demonstrate that the Schiff base ligand AC coordinate the Zn(II) ion 

e imino nitrogen atom, the carboxylato oxygen atom of methionine 

group and the amido oxygen atom of the isatin moiety. The final position of 

the four coordinated structure is bound by one chloride ion, making the 

eometry has been assigned to the 

for the complex is drawn using 

ChemBioOffice 12.0 software and simulated for minimum energy and is 

. The low energy of 147.2181 k.cal/mol, implies the 

1.0

 



 

In brief 

Colour   : Orange

Yield   : 64 %  

Mol Formula  : 

% of Elements : 

IR (cm-1)   :1615, 1468, 

UV   : 285 nm

ΛM   : 24.8 S mol

µ   : 0 BM

Total energy  : 

 

 

: Orange 

: 64 %   

: C13H14N2O3SZnCl 

: C40.28, H 2.93 and N 7.09 

:1615, 1468, 1328, 1700, 530, 490 and 420

: 285 nm 

: 24.8 S mol-1cm2 

: 0 BM 

: 147.2181 k.cal/mol           

Figure 5.33 Structure of ZnAC 
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ISATIN –

 This chapter foc

ligand derived from isatin 

with Co(II), Ni(II), Cu

adopted are; elemental analysis, UV

spectral studies, Molar conductivity studies, Magnetic moment studies, 

Thermal analysis (TG/DTA), electrochemical (CV) and Fluorescence studies.

6.1  SCHIFF BASE LIGAND 

THIOSEMICARBAZIDE (D) [AD]

6.1.1  Elemental Analysis 

 The experimentally obtained elemental analysis data of AD are in 

good agreement with the theore

(49.08%), H (3.66%) and Schiff base N (25.44%) and the actually found 

values are C (50.13%), H (3.09%) and N (25.07%). This supports the 

formation of the Schiff base, AD from isatin and Thiosemicarbazide. 

physical and the analytical data of 

Table 6.1 Physical and 

Compound 
Molecular 
Formula 

AD C9H8N4OS 

 

CHAPTER 6 

– THIOSEMICARBAZIDE SYSTEM

 

This chapter focuses on the characterisation of the Schiff base 

ligand derived from isatin and Thiosemicarbazide (AD) and its complexes 

with Co(II), Ni(II), Cu(II) and Zn(II). The characterisation techniques  

adopted are; elemental analysis, UV-Vis, FT-IR, 13C NMR, XRD and ESR 

Molar conductivity studies, Magnetic moment studies, 

al analysis (TG/DTA), electrochemical (CV) and Fluorescence studies.

SCHIFF BASE LIGAND ISATIN (A) - 

THIOSEMICARBAZIDE (D) [AD]  

Analysis  

The experimentally obtained elemental analysis data of AD are in 

good agreement with the theoretical values. The theoretical values are: C 

(49.08%), H (3.66%) and Schiff base N (25.44%) and the actually found 

values are C (50.13%), H (3.09%) and N (25.07%). This supports the 

formation of the Schiff base, AD from isatin and Thiosemicarbazide. 

sical and the analytical data of AD are presented in Table 6.

Table 6.1 Physical and analytical data of AD 

Molecular Molecular 
Weight 

Melting 
Point 
°C 

Colour 
Elemental analysis(Theoretical 

values in parenthesis)
C H 

 220.25 234 Yellow 
50.13 

(49.08) 
3.09

(3.66)
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THIOSEMICARBAZIDE SYSTEM  

ation of the Schiff base 

osemicarbazide (AD) and its complexes 

ation techniques  

NMR, XRD and ESR 

Molar conductivity studies, Magnetic moment studies, 

al analysis (TG/DTA), electrochemical (CV) and Fluorescence studies. 

The experimentally obtained elemental analysis data of AD are in 

tical values. The theoretical values are: C 

(49.08%), H (3.66%) and Schiff base N (25.44%) and the actually found 

values are C (50.13%), H (3.09%) and N (25.07%). This supports the 

formation of the Schiff base, AD from isatin and Thiosemicarbazide. The 

AD are presented in Table 6.1. 

 

Elemental analysis(Theoretical 
values in parenthesis) 

 N 
3.09 

(3.66) 
25.07 

(25.44) 



 

6.1.2 13C NMR Spectral Studies

 The 13C NMR spectra of the Schiff base AD (Figure 6.1), exhibits 

various types carbons of the compound which are chemically non

The signals at 120.023 p

152.345 ppm are due to carbons of isatin moieties.

the imino carbon (C=N) appears at 163.237 ppm. In addition, the signals 

obtained in the region 79.865 ppm

to aromatic carbon  (Patil

Figure 6.

6.1.3  Vibrational Spectral Studies

 The vibrationa

AD are specified in Table 6.2. The FT

Figure 6.2 shows a broad band in the range of 3250

assigned to the stretching vibrations of NH

Moreover the band observed at 1590cm

NMR Spectral Studies 

NMR spectra of the Schiff base AD (Figure 6.1), exhibits 

various types carbons of the compound which are chemically non

The signals at 120.023 ppm, 121.771 ppm 123.856 ppm, 143.437

.345 ppm are due to carbons of isatin moieties. A characteristic signal for 

the imino carbon (C=N) appears at 163.237 ppm. In addition, the signals 

obtained in the region 79.865 ppm, 111.236 ppm, 119.458 ppm

Patil et al. 2011a). 

Figure 6.113C NMR of the ligand AD 

Vibrational Spectral Studies 

The vibrational spectral data of the synthesised Schiff base ligand 

are specified in Table 6.2. The FT-IR spectrum of the ligand AD, given in 

Figure 6.2 shows a broad band in the range of 3250-3500 cm-1

assigned to the stretching vibrations of NH2 group of thiosemicarbazide

the band observed at 1590cm-1 can be attributed to N

151 

 

NMR spectra of the Schiff base AD (Figure 6.1), exhibits 

various types carbons of the compound which are chemically non-equivalent. 

, 143.437 ppm, and 

A characteristic signal for 

the imino carbon (C=N) appears at 163.237 ppm. In addition, the signals 

ppm are assigned 

 

ed Schiff base ligand 

IR spectrum of the ligand AD, given in 
1 which can be 

of thiosemicarbazide. 

can be attributed to N-H stretching 



 

of thiosemicarbazide 

attributed to the –C=O stretching of isatin moiety

cm-1 can be attributed to the 

The strong band observed at 1671 cm

which further confirms the formation of Schiff base from thiosemicarbazide 

and isatin. Moreover, the small peaks noted in th

be due to the symmetric and asymmetric 

Table 6.2 IR 

Compound 

AD 

 

Figure 6.2 FT

6.1.4  Electronic Spectral Studies

 The electronic spectral data of the Schiff base ligand AD are 

detailed in Table 6.3

UV-Visible spectrum of AD was

nm, at room temperature. The spectrum of AD 

bands at 290 nm & 340 nm. These bands may be attributed to the 
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 moiety. The band observed at 1700 cm

C=O stretching of isatin moiety.The band observed at 1100 

d to the -C=S stretching of thiosemicarbazide moiety

The strong band observed at 1671 cm-1 could be assigned to 

which further confirms the formation of Schiff base from thiosemicarbazide 

and isatin. Moreover, the small peaks noted in the region of 2900 cm

be due to the symmetric and asymmetric -C-H stretches (Patil et al.

Table 6.2 IR spectral data of Schiff base AD 

ν (C=N) (cm-1) ν (C=O) (cm-1) ν (N

1671 1700 

Figure 6.2 FT-IR spectrum of AD 

Electronic Spectral Studies 

The electronic spectral data of the Schiff base ligand AD are 

detailed in Table 6.3 and the spectrum is shown in Figure

Visible spectrum of AD was recorded in DMSO, in the range of 200

nm, at room temperature. The spectrum of AD shows significant absorption 

bands at 290 nm & 340 nm. These bands may be attributed to the 

3 0 0 0 2 5 0 0 2 0 0 0 1 5 0 0

W a v e n u m b e r ( c m - 1 )
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The band observed at 1700 cm-1 can be 

.The band observed at 1100 

C=S stretching of thiosemicarbazide moiety. 

could be assigned to -C=N stretch 

which further confirms the formation of Schiff base from thiosemicarbazide 

e region of 2900 cm-1 might 

et al. 2011a). 

 

ν (N-H) (cm-1) 

1590 

 

The electronic spectral data of the Schiff base ligand AD are 

is shown in Figure 6.3. The  

recorded in DMSO, in the range of 200-800 

significant absorption 

bands at 290 nm & 340 nm. These bands may be attributed to the π-π* 

1 0 0 0 5 0 0



 

transitions of -C=C, -

and –C=O groups, present in AD 

Table 

Compound 
Absorption band

AD 

 

Figure 6.3 UV

6.1.5  Thermal Studies

 The thermogram of the Schiff base AD was recorded in the range 

of 0 to 800 o C. Figure 6.

The Schiff base ligand AD shows three mass loss stages. 

50-110 �C (5%), 150 

stage is due to the loss of water molecules
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-C=N  and -C=O groups; and n-π* transitions of 

C=O groups, present in AD (Kursunlu et al. 2013). 

Table 6.3 Electronic spectral Data of AD 

Absorption band 
(nm) 

Transition 

290,340 Intraligand charge transfer

Figure 6.3 UV-vis spectrum of AD 

Thermal Studies 

The thermogram of the Schiff base AD was recorded in the range 

C. Figure 6.4 provides the TG-DTG pattern of the ligand (AD).

The Schiff base ligand AD shows three mass loss stages. 

, 150 -280 � C (21%) and 280-470 � C (27%). 

stage is due to the loss of water molecules and methanol molecules

300 400 500 600 700

Wavelength ( nm )
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* transitions of –C=N 

Intraligand charge transfer 

 

The thermogram of the Schiff base AD was recorded in the range 

of the ligand (AD). 

The Schiff base ligand AD shows three mass loss stages. They are  

C (27%). The first 

and methanol molecules from the 

800

 



 

ligand. The second and third stages may be attributed to the decomposition of 

thiosemicarbazide group and the isa

DTG curve of the ligand all the thermal decays involved endothermic 

decomposition (Neelakantan

Figure 6.4 TG/DTG pattern of AD

6.1.6  Emission Spectral Studies

 The emission spectrum of

DMSO and has been depicted in Figure 6.5. 

ligand AD fluoresced 

fluorescent emission which is related to the energy gap between the 

molecular orbital of the 

attributed to the large dipole moment of the fluore

hydrogen   bonds   formed 
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The second and third stages may be attributed to the decomposition of 

hiosemicarbazide group and the isatin moiety respectively. According to the 

DTG curve of the ligand all the thermal decays involved endothermic 

Neelakantan et al. 2008). 

Figure 6.4 TG/DTG pattern of AD 

Emission Spectral Studies 

The emission spectrum of the Schiff base ligand AD

DMSO and has been depicted in Figure 6.5. When excited at 300 nm, the 

fluoresced at 436 nm in visible region, assigned to the intraligand 

fluorescent emission which is related to the energy gap between the 

molecular orbital of the π–conjugation of the ligand system

attributed to the large dipole moment of the fluorescent excited state and the 

formed  between  AD  and  the  solvent.   Furthermore
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fluorescence of AD is probably quenched by the appearance of photo induced 

electron transfer (PET) process due to the presence of lone pair of electrons 

on the nitrogen atom of

Figure 6.5 Emi

6.1.7  Powder XRD Analysis

 Powder XRD analysis was performed to obtain morphological 

evidence about the ligand, AD. The wide angle powder 

is shown in Figure 6.6. The XRD pattern of AD sho

at 2θ = 12.8410 with d spacing 6.89418. It indicates the crystalline nature of 

the ligand. It is further confirmed by calculating the grain size of AD using 

Scherrer’s formula dxrd

wavelength of the radiation, 

diffraction angle for hkl plane. AD is nanocrystalline with grain size 24.89 nm 

(Neelakantan et al. 2008
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is probably quenched by the appearance of photo induced 

electron transfer (PET) process due to the presence of lone pair of electrons 

itrogen atom of AD (Aazam et al. 2012).  

Figure 6.5 Emission spectrum of AD 

Powder XRD Analysis 

Powder XRD analysis was performed to obtain morphological 

evidence about the ligand, AD. The wide angle powder -XRD patterns of AD 

6. The XRD pattern of AD shows its characteristic peak 

= 12.8410 with d spacing 6.89418. It indicates the crystalline nature of 

the ligand. It is further confirmed by calculating the grain size of AD using 

xrd = 0. 9λ / βcosθ, where dxrd is the particle size, 

e radiation, β is the full – width half maximum and 

diffraction angle for hkl plane. AD is nanocrystalline with grain size 24.89 nm 

2008).  
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is probably quenched by the appearance of photo induced 

electron transfer (PET) process due to the presence of lone pair of electrons 

 

Powder XRD analysis was performed to obtain morphological 

XRD patterns of AD 

ws its characteristic peak 

= 12.8410 with d spacing 6.89418. It indicates the crystalline nature of 

the ligand. It is further confirmed by calculating the grain size of AD using 

is the particle size, λ is the 

width half maximum and θ is the 

diffraction angle for hkl plane. AD is nanocrystalline with grain size 24.89 nm 
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Figure 6.6 Powder XRD pattern of AD

6.1.8  Structure of AD

Colour   : Yellow 

Yield   : 72 %  

Mol Formula  : 

% of Elements  : 

IR (cm-1)   : 1671,

UV (nm)   : 290 and 340 

Total Energy  : 7.6973kcal/mol
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Figure 6.6 Powder XRD pattern of AD 

Structure of AD 

: Yellow  

: 72 %   

: C9H8N4OS 

: C 50.13, H 3.09 and N 25.07 

: 1671, 1590 and 1700  

: 290 and 340  

: 7.6973kcal/mol 

 

Figure 6.7 Structure of AD 
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6.2 Co(II)- ISATIN(A)

[CoAD] 

6.2.1 Elemental Analysis

 The complex CoAD is chocolate brown in colour. It is stable 

towards air, insoluble in water but soluble in organic solvents like DMSO. 

The experimentally obtained elemental analysis data and the theoretical 

values do agree well with each other. It clearly shows that the stoichiometry 

of the complex is [Co(AD)Cl], and it supp

complex. The physical and analytical data of CoAD

Table 6.4. 

Table 6.

Complex 
Molecular 
Formula 

Molecular 
Weight

CoAD 
C9H8N4OS 

CoCl 
314.64

 

6.2.2  Vibrational Spectral Studies

 The FT-IR Spectral studies are utilis

aspects of the compounds

Figure 6.8, and the spectral data in 

free ligand AD, but with changes in the position of the absorption bands as 

well as the appearance of new peaks. The imino stretching frequency appears 

at 1619 cm-1, compared to 1671 cm

lower frequency region 

nitrogen atom to the Co(II) ion. 

stretching of thiosemicarbazide has been shifted from 1590 cm

which clearly reveals the coordination of amino group (present in 

ISATIN(A) -THIOSEMICARBAZIDE(D) COMPLEX  

Analysis 

The complex CoAD is chocolate brown in colour. It is stable 

r, insoluble in water but soluble in organic solvents like DMSO. 

The experimentally obtained elemental analysis data and the theoretical 

values do agree well with each other. It clearly shows that the stoichiometry 

of the complex is [Co(AD)Cl], and it supports the formation of the Schiff base 

The physical and analytical data of CoAD are

Table 6.4 Physical and analytical data of CoAD

Molecular 
Weight 

Melting 
Point 

°C 
Colour 

Elemental analysis

(Theoretical values in parenthesis)

C H N 

314.64 248 
Chocolate 

brown 
34.03 

(34.36) 

2.25 

(2.56) 

18.04

(17.81)

Vibrational Spectral Studies 

IR Spectral studies are utilised to find out the

aspects of the compounds. The vibrational spectrum of CoAD is 

, and the spectral data in Table 6.5. It is comparable to that of the 

free ligand AD, but with changes in the position of the absorption bands as 

earance of new peaks. The imino stretching frequency appears 

, compared to 1671 cm-1 of the free ligand AD. This shift to the 

frequency region clearly indicates the coordination of the imino 

nitrogen atom to the Co(II) ion. In addition the absorption peak due to N

stretching of thiosemicarbazide has been shifted from 1590 cm

which clearly reveals the coordination of amino group (present in 
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THIOSEMICARBAZIDE(D) COMPLEX  

The complex CoAD is chocolate brown in colour. It is stable 

r, insoluble in water but soluble in organic solvents like DMSO. 

The experimentally obtained elemental analysis data and the theoretical 

values do agree well with each other. It clearly shows that the stoichiometry 

orts the formation of the Schiff base 

are detailed in  

of CoAD 

Elemental analysis 

tical values in parenthesis) 

Co Cl 

18.04 

(17.81) 

17.81 

(18.73) 

10.73 

(11.27) 

ed to find out the structural 

The vibrational spectrum of CoAD is exposed in 

It is comparable to that of the 

free ligand AD, but with changes in the position of the absorption bands as 

earance of new peaks. The imino stretching frequency appears 

of the free ligand AD. This shift to the 

clearly indicates the coordination of the imino 

e absorption peak due to N-H 

stretching of thiosemicarbazide has been shifted from 1590 cm-1to 1500 cm-1, 

which clearly reveals the coordination of amino group (present in 



 

thiosemicarbazide) to the Co(II) ion

amido group (present in isatin moiety), has been shifted from 1700 cm

1699 cm-1, which signifies its coordination with the central Co(II) ion. 

Further, the appearance of new bands at 530 cm

the formation of Co-N and Co

band at 425 cm-1 in the FTIR spectrum of the complex CoAD can be assigned 

to the Co- Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Co(II) ion through the imino nitrogen atom, amino nitrogen 

atom of thiosemicarbazide and amido oxygen atom

fourth position of the possible square planar arrangement is occupied by 

chloride ion. This makes the complex neutral, which is confirmed by the non

electrolytic nature of the complex 

Table 

Compound 
ν (C=N) 
(cm-1) 

AD 1671 

CoAD 1619 
 

Figure 6.
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thiosemicarbazide) to the Co(II) ion. Moreover, the absorption peak due to the 

group (present in isatin moiety), has been shifted from 1700 cm

, which signifies its coordination with the central Co(II) ion. 

Further, the appearance of new bands at 530 cm-1 and 490 cm-

N and Co-O bonds respectively. Another new absorption 

in the FTIR spectrum of the complex CoAD can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Co(II) ion through the imino nitrogen atom, amino nitrogen 

atom of thiosemicarbazide and amido oxygen atom of isatin moiety

fourth position of the possible square planar arrangement is occupied by 

chloride ion. This makes the complex neutral, which is confirmed by the non

electrolytic nature of the complex (Singh et al. 2012b).  

Table 6.5 IR Spectral data of CoAD 

 (C=N) ν (C=O) 
(cm-1) 

ν (N-H) 
(cm-1) 

ν (M-N) 
(cm-1) 

ν (M
(cm

1700 1590 - -

1699 1500 530 490

Figure 6.8 FT-IR spectrum of CoAD 

3 0 0 0 2 5 0 0 2 0 0 0 1 5 0 0 1 0 0 0

W a v e n u m b e r ( c m - 1 )
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Moreover, the absorption peak due to the 

group (present in isatin moiety), has been shifted from 1700 cm-1 to 

, which signifies its coordination with the central Co(II) ion. 
-1 authenticates 

respectively. Another new absorption 

in the FTIR spectrum of the complex CoAD can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Co(II) ion through the imino nitrogen atom, amino nitrogen 

of isatin moiety. The 

fourth position of the possible square planar arrangement is occupied by 

chloride ion. This makes the complex neutral, which is confirmed by the non-

ν (M-O) 
(cm-1) 

ν (M-Cl) 
(cm-1) 

- - 

490 425 

 

1 0 0 0 5 0 0



 

6.2.3  Electronic Spectral Studies

 The UV-Visible spectra of CoAD wa

temperature in the range of

spectral data is shown in Table 6.

different pattern compared to that of the ligand AD. The UV

of CoAD exhibits two different characteristic peaks at 310 nm and 400 nm as 

found in the UV Visible spectrum of the ligand AD. In addition, a new broad 

band found in 450 nm, which corresponds to

the coordination of Co(II) metal ion with the ligand. The entry of this salient 

d-d transition band in UV

planar geometry for the complex 

Table 6.

Complex 
Absorption band

CoAD 310,400

Figure 6.
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Electronic Spectral Studies 

Visible spectra of CoAD was recorded in DMSO at r

temperature in the range of (200-800 nm), as illustrated in Figure 6.

spectral data is shown in Table 6.6. The spectrum of the complex is of 

different pattern compared to that of the ligand AD. The UV-Visible spectrum 

f CoAD exhibits two different characteristic peaks at 310 nm and 400 nm as 

found in the UV Visible spectrum of the ligand AD. In addition, a new broad 

band found in 450 nm, which corresponds to 1A2g →
1A1gtransition suggests 

the coordination of Co(II) metal ion with the ligand. The entry of this salient 

d transition band in UV-Visible spectrum suggests an approximate square 

planar geometry for the complex (Sallam et al. 2011).  

Table 6.6 Electronic spectral data of CoAD 

Absorption band 
(nm) 

Transition 

310,400, 450 
M-L CT 

1A2g →
1A1g 

Square planar

 

Figure 6.9 UV-visible spectrum of CoAD 
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s recorded in DMSO at room 

s illustrated in Figure 6.9, and the 

The spectrum of the complex is of 

Visible spectrum 

f CoAD exhibits two different characteristic peaks at 310 nm and 400 nm as 

found in the UV Visible spectrum of the ligand AD. In addition, a new broad 

gtransition suggests 

the coordination of Co(II) metal ion with the ligand. The entry of this salient 

Visible spectrum suggests an approximate square 

 

Geometry 

Square planar 

 
8 0 0



 

6.2.4  Molar Conductivity Studies

 The molar conductance for CoAD complex was 

DMSO. The conductance data of the synthesised CoAD complex is given in 

Table 6.7. The observed value 

CoAD is non-electrolytic in nature. Hence, we assume that the chloride ion is 

present inside the coordination sphere and the complex is electrically neutral. 

This is further confirmed by silver nitrate test. 

Table 6.7 Molar

Complex   Molar conductance (S cm

CoAD 

 

6.2.5  Magnetic Moment Studies

 The magnetic moment value of the complex CoAD, as given in 

Table 6.8, is 2.3 B.M, which is a chara

unpaired electron. Consequently, CoAD complex has square planar geometry 

with dsp2 hybridisation. This is in accordance with the result obtained from 

electronic spectral studies.

Table 6.8 Magnetic

Complex 

CoAD 
 

6.2.6 Thermal Stud

 The TG-DTG pattern

6.10 shows three mass loss stages.

Molar Conductivity Studies 

The molar conductance for CoAD complex was 

DMSO. The conductance data of the synthesised CoAD complex is given in 

The observed value of 16.81 S cm2 mol-1, shows that the complex 

electrolytic in nature. Hence, we assume that the chloride ion is 

present inside the coordination sphere and the complex is electrically neutral. 

This is further confirmed by silver nitrate test.  

Molar  conductance data of CoAD complex

Molar conductance (S cm2 mol-1) Nature

16.81 Non-Electrolyte

Magnetic Moment Studies 

The magnetic moment value of the complex CoAD, as given in 

B.M, which is a characteristic of d7 Co(II) system with one 

unpaired electron. Consequently, CoAD complex has square planar geometry 

ation. This is in accordance with the result obtained from 

electronic spectral studies. 

Magnetic moment value of CoAD complex

Magnetic moment, µeff (B.M) Geometry

2.3 Square planar

Studies 

DTG pattern of the Schiff complex, CoAD, given in Figure 

shows three mass loss stages. The first stage is due to the loss of 

160 

 

The molar conductance for CoAD complex was calculated in 

DMSO. The conductance data of the synthesised CoAD complex is given in 

, shows that the complex 

electrolytic in nature. Hence, we assume that the chloride ion is 

present inside the coordination sphere and the complex is electrically neutral. 

conductance data of CoAD complex 

Nature 

Electrolyte 

The magnetic moment value of the complex CoAD, as given in 

Co(II) system with one 

unpaired electron. Consequently, CoAD complex has square planar geometry 

ation. This is in accordance with the result obtained from 

D complex 

Geometry 

Square planar 

of the Schiff complex, CoAD, given in Figure 

The first stage is due to the loss of 



 

physically adsorbed water mo

from the complex 

thiosemicarbazide group and the isatin m

range of 200-300 � C

remain above 600 � 

CoAD all the thermal decays involved are endothermic decomposition  

(Antony et al. 2013b).

Figure 6.

6.2.7 Emission Spectral Studies

 Emission spectra of the Schiff base compl

DMSO. Figure 6.11 

higher fluorescent intensity u

to intraligand transition mixed with metal 

and are slightly red shifted when compared to that of the ligand. 

been noticed that coordination of Co(II) ion with the ligand 

fluorescence emission  
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sorbed water molecules, methanol molecules and chlorine atom

from the complex in the range of 50 to 180 � C

group and the isatin moiety are removed respectively in the 

C (10%), and 300-420 � C (13%). The residues

 C are metal oxides. According to the DTG curve of 

CoAD all the thermal decays involved are endothermic decomposition  

. 

Figure 6.10 TG/DTG pattern of CoAD 

Emission Spectral Studies 

Emission spectra of the Schiff base complex CoAD was studied in

 show that CoAD fluoresced at around 438 nm 

fluorescent intensity upon excitation at 315 nm. This may be attributed 

to intraligand transition mixed with metal - ligand charge transfer (M

htly red shifted when compared to that of the ligand. 

that coordination of Co(II) ion with the ligand has

fluorescence emission  (Ye et al. 2005). 
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methanol molecules and chlorine atom 

C (27%). The 

oiety are removed respectively in the 

residues which 

C are metal oxides. According to the DTG curve of 

CoAD all the thermal decays involved are endothermic decomposition  

 

ex CoAD was studied in 
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nm. This may be attributed 

ligand charge transfer (M-LCT) 
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Figure 6.

6.2.8 Electrochemical Studies

 The cyclic Voltammogram of C

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.26 V (Epc) which corresponds to the reduction of Co(II) to Co(I) 

and the anodic peak at 

oxidation of Co(I) to Co(II). The reversible nature of this process is 

inveterated by the calculated current ratio value (ipc / ipa), which is equal to 1

(Patil et al. 2011c). 
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Figure 6.11 Emission spectrum of CoAD 

Electrochemical Studies 

The cyclic Voltammogram of CoAD is demonstrated in F

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.26 V (Epc) which corresponds to the reduction of Co(II) to Co(I) 

ic peak at -0.25 V (Epa) which is a characteristic of the reversible 

oxidation of Co(I) to Co(II). The reversible nature of this process is 

by the calculated current ratio value (ipc / ipa), which is equal to 1

380 390 400 410 420 430 440 450 460
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in Figure 6.12.It 

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.26 V (Epc) which corresponds to the reduction of Co(II) to Co(I) 

0.25 V (Epa) which is a characteristic of the reversible 

oxidation of Co(I) to Co(II). The reversible nature of this process is 

by the calculated current ratio value (ipc / ipa), which is equal to 1 

460 470

 



 

Figure 6.

6.2.9 Structure of CoAD

 The findings from the analytical and spectral data given above 

clearly explained that the Schiff base complex shows the 

[Co(AD) Cl]. The chloride ion is present inside the coordination sphere and 

the complex is electrically neutral. The Schiff base ligand AD coordinate the 

Co(II) ion through one imino nitrogen atom, one amino nitrogen atom from 

thiosemicarbazide moiety and one amido oxygen atom of isatin moiety. One 

chloride ion takes up the fourth position of the square planar structure. The 

structure elucidated for the complex is drawn using ChemBioOffice 12.0 

software and simulated for minimum e

low energy of 122.0470 k.cal/mol, denote

energetically favoured and the complex is stable.
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Figure 6.12 Cyclic voltammogram of CoAD 

Structure of CoAD 

The findings from the analytical and spectral data given above 

that the Schiff base complex shows the 

[Co(AD) Cl]. The chloride ion is present inside the coordination sphere and 

the complex is electrically neutral. The Schiff base ligand AD coordinate the 

Co(II) ion through one imino nitrogen atom, one amino nitrogen atom from 

de moiety and one amido oxygen atom of isatin moiety. One 

chloride ion takes up the fourth position of the square planar structure. The 

structure elucidated for the complex is drawn using ChemBioOffice 12.0 

software and simulated for minimum energy and is given in Figure 6.

low energy of 122.0470 k.cal/mol, denotes that the complex formation is 

energetically favoured and the complex is stable. 
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The findings from the analytical and spectral data given above 

that the Schiff base complex shows the stoichiometry 

[Co(AD) Cl]. The chloride ion is present inside the coordination sphere and 

the complex is electrically neutral. The Schiff base ligand AD coordinate the 

Co(II) ion through one imino nitrogen atom, one amino nitrogen atom from 

de moiety and one amido oxygen atom of isatin moiety. One 

chloride ion takes up the fourth position of the square planar structure. The 

structure elucidated for the complex is drawn using ChemBioOffice 12.0 

given in Figure 6.13. The 

that the complex formation is 

0.6



 

In brief 

Colour  : Chocalate Brown 

Yield  : 69 %  

Mol Formula : C9H

% of Elements  : C 34.03, 

IR (cm-1)  : 1619, 1699, 

UV (nm)  : 310, 400 and 450

ΛM  : 16.81

µ  : 2.3 BM                                                                                               

Total Energy : 122.0470k.cal/m

6.3  Ni(II)-ISATIN(A)

[NiAD]  

6.3.1  Elemental Analysis

 The complex NiAD is also dark yellow in colour. It is stable 

towards air and moisture, insoluble in water but soluble in organic solvents 

like DMSO. Both the elemental analysis data 

well with each other. It clearly shows that NiAD forms with the expected 

stoichiometry which supports the formation of the complex [Ni(AD)Cl

physical and the analytical data

 

: Chocalate Brown  

: 69 %   

H8N4OSCoCl 

34.03, H 2.25 and N 18.04 

: 1619, 1699, 1500, 530, 490 and 425 

: 310, 400 and 450 

16.81 S mol-1cm2 

: 2.3 BM                                                                                               

: 122.0470k.cal/mol 

Figure 6.13Structure of CoAD 

ISATIN(A) -THIOSEMICARBAZIDE (D) COMPLEX 

Analysis 

The complex NiAD is also dark yellow in colour. It is stable 

towards air and moisture, insoluble in water but soluble in organic solvents 

th the elemental analysis data and the theoretical values agree 

well with each other. It clearly shows that NiAD forms with the expected 

stoichiometry which supports the formation of the complex [Ni(AD)Cl

analytical data of NiAD are presented in Table 
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: 2.3 BM                                                                                                

THIOSEMICARBAZIDE (D) COMPLEX 

The complex NiAD is also dark yellow in colour. It is stable 

towards air and moisture, insoluble in water but soluble in organic solvents 

and the theoretical values agree 

well with each other. It clearly shows that NiAD forms with the expected 

stoichiometry which supports the formation of the complex [Ni(AD)Cl]. The 

in Table 6.9. 



 

Table 6

Complex 
Molecular 
Formula 

Molecular 
Weight

NiAD 
C9H8N4OS 

NiCl 
314.4

 

6.3.2  Vibrational 

 In order to find out the structural a

spectral studies are used. The vibrational spectrum o

Figure 6.14, and the spectral data in Table 6.

free ligand AD, but with changes in the position of the absorption bands as 

well as the appearance of new peaks. The imino stretching frequency appears 

at 1623 cm-1, compared to 1671 cm

lower frequency region

nitrogen atom to the Ni(II) ion. 

stretching of thiosemicarbazide has been shift

which clearly reveals the coordination of amino group (present in 

thiosemicarbazide) to the Ni(II) ion. 

amido group (present in isatin moiety), has been shifted from 1700 cm

1670 cm-1, which signifies its coordination with the central Ni(II) ion. In 

addition, the appearance of new bands at 584 cm

formation of Ni-N and Ni

band at 435 cm-1 in the FTIR spectrum o

to the Ni-Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Ni(II) ion through the imino nitrogen atom, amino nitrogen 

atom of thiosemicarbazide and amido oxygen atom. The fourth position of the 

possible square planar arrangement is occupied by chloride ion. This makes 

the complex neutral, which is confirmed by the non

complex (Sallam et al.

6.9 Physical and analytical data of NiAD

Molecular 
Weight 

Melting 
Point 

°C 
Colour 

Elemental analysis

(Theoretical values in parenthesis)

C H N 

314.4 238 
Dark 

Yellow 
34.27 

(34.38) 

2.40 

(2.56) 

18.29 

(17.82)

Vibrational Spectral Studies  

In order to find out the structural aspects of the compounds, FT

pectral studies are used. The vibrational spectrum of NiAD is 

and the spectral data in Table 6.10. It is comparable to that of the 

free ligand AD, but with changes in the position of the absorption bands as 

well as the appearance of new peaks. The imino stretching frequency appears 

compared to 1671 cm-1 of the free ligand AD. This shift to the 

frequency region clearly indicates the coordination of the imino 

nitrogen atom to the Ni(II) ion. In addition the absorption peak due to N

stretching of thiosemicarbazide has been shifted from 1590 cm-

which clearly reveals the coordination of amino group (present in 

thiosemicarbazide) to the Ni(II) ion. Further, the absorption peak due to the 

amido group (present in isatin moiety), has been shifted from 1700 cm

, which signifies its coordination with the central Ni(II) ion. In 

addition, the appearance of new bands at 584 cm-1 and 495 cm

N and Ni-O bonds respectively. Another new absorption 

in the FTIR spectrum of the complex NiAD can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Ni(II) ion through the imino nitrogen atom, amino nitrogen 

atom of thiosemicarbazide and amido oxygen atom. The fourth position of the 

ossible square planar arrangement is occupied by chloride ion. This makes 

the complex neutral, which is confirmed by the non-electrolytic nature of the 

et al. 2011).  
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D 

Elemental analysis 

(Theoretical values in parenthesis) 

Ni Cl 

 

(17.82) 

17.92 

(18.67) 

10.90 

(11.28) 

spects of the compounds, FT-IR 

f NiAD is portrayed in 

. It is comparable to that of the 

free ligand AD, but with changes in the position of the absorption bands as 

well as the appearance of new peaks. The imino stretching frequency appears 

of the free ligand AD. This shift to the 

clearly indicates the coordination of the imino 

In addition the absorption peak due to N-H 
-1 to 1510 cm-1, 

which clearly reveals the coordination of amino group (present in 

Further, the absorption peak due to the 

amido group (present in isatin moiety), has been shifted from 1700 cm-1 to 

, which signifies its coordination with the central Ni(II) ion. In 

and 495 cm-1 confirms the 

O bonds respectively. Another new absorption 

f the complex NiAD can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Ni(II) ion through the imino nitrogen atom, amino nitrogen 

atom of thiosemicarbazide and amido oxygen atom. The fourth position of the 

ossible square planar arrangement is occupied by chloride ion. This makes 

electrolytic nature of the 



 

Table 6.

Compound 
ν (C=N) 
(cm-1) 

AD 1671 

NiAD 1623 

 

Figure 6.

6.3.3  Electronic Spectral 

 The UV-Visible 

range of (200-800 nm) 

Table 6.11. The UV-Visible 

nm & 400 nm. In addition another band is centered at around 460 nm, which 

confirms the coordination of Ni(II) metal ion with the ligand. This absorption 

band corresponds to 1B

of four coordinated square planar geometry, with dsp
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Table 6.10 IR spectral data of Schiff base NiAD

 (C=N) 
 

ν (C=O) 
(cm-1) 

ν (N-H) 
(cm-1) 

ν (M-N) 
(cm-1) 

ν (M
(cm

1700 1590 - -

1670 1510 584 495

Figure 6.14 FT-IR spectra of NiAD 

Electronic Spectral Studies 

Visible spectrum of NiAD was taken in DMSO in the 

m) as displayed in Figure 6.15, and the spectral data in 

Visible spectrum of NiAD gives the evident peaks at 320 

nm & 400 nm. In addition another band is centered at around 460 nm, which 

s the coordination of Ni(II) metal ion with the ligand. This absorption 

B1g→ 1A1g transition of the Ni(II) ion, and is characteristic 

of four coordinated square planar geometry, with dsp2 hybridisation

3 5 0 0 3 0 0 0 2 5 0 0 2 0 0 0 1 5 0 0

W a v e n u m b e r ( c m - 1 )
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of Schiff base NiAD 

ν (M-O) 
(cm-1) 

ν (M-Cl) 
(cm-1) 

- - 

495 435 

 

taken in DMSO in the 

, and the spectral data in 

pectrum of NiAD gives the evident peaks at 320 

nm & 400 nm. In addition another band is centered at around 460 nm, which 

s the coordination of Ni(II) metal ion with the ligand. This absorption 

transition of the Ni(II) ion, and is characteristic 

hybridisation for NiAD.  

1 0 0 0 5 0 0



 

Table 6.

Compound 
Absorption band

NiAD 320,400

 

Figure 6.

6.3.4  Molar Conductivity 

 The molar conductance for NiAD complex was found out in 

DMSO. The conductance data of the synthesised NiAD complex is provided 

in Table 6.12. The observe

complex NiAD is non

present within the coordination sphere making the complex electrically 

neutral. This is also confirmed by the negative result se

Table 6.12 
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Table 6.11 Electronic spectral data of NiAD 

Absorption band 
(nm) 

Transition Geometry

320,400, 460 
M-L CT 

1B1g→ 1A1g 
Square planar

Figure 6.15 UV-vis spectrum of NiAD 

Molar Conductivity Studies 

The molar conductance for NiAD complex was found out in 

DMSO. The conductance data of the synthesised NiAD complex is provided 

. The observed value of 13.54 S cm2 mol-1, predicts that the 

complex NiAD is non-electrolytic in nature, indicating that the chloride ion is 

present within the coordination sphere making the complex electrically 

neutral. This is also confirmed by the negative result seen in silver nitrate test.  

12 Molar conductance data of NiAD complex
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The molar conductance for NiAD complex was found out in 

DMSO. The conductance data of the synthesised NiAD complex is provided 

, predicts that the 

electrolytic in nature, indicating that the chloride ion is 

present within the coordination sphere making the complex electrically 

en in silver nitrate test.   

Molar conductance data of NiAD complex 
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6.3.5  Magnetic Moment Studies

 The geometry of NiAD is further confirmed by the magnetic 

moment measurement carried out at room temperature. The acquired 

magnetic moment value is 

NiAD assigns to d8 Ni(II) system with no unpaired electron. This corresponds 

to the dsp2 hybridisation and hence square planar g

NiAD. 

Table 6.13 

Complex 

NiAD 
 

6.3.6 Thermal Stud

 Figure 6.16

The thermogram obtain

(10%), 200-300 � C (5%) and 300

loss of physically adsorbed water molecules

atom from the complex

ascribed to the decomposition of Thiosemicarbazide and isatin moiet

respectively. The metal oxides are 

According to the DTG curve of NiAD all the thermal decays involved 

endothermic decomposition 

Molar conductance (S cm2 mol-1) Nature

13.54 Non-Electrolyte

Magnetic Moment Studies 

The geometry of NiAD is further confirmed by the magnetic 

surement carried out at room temperature. The acquired 

magnetic moment value is zero (Table 6.13). This zero magnetic moment of 

Ni(II) system with no unpaired electron. This corresponds 

hybridisation and hence square planar geometry around Ni(II) in 

13 Magnetic moment value of NiAD complex

Magnetic moment, µeff (B.M) Geometry

0 Square planar

Studies 

16 provides the TG-DTG patterns of the complex NiAD. 

The thermogram obtained shows three mass loss stages. They are 50

C (5%) and 300-400 � C (27%). The first stage is due to the 

loss of physically adsorbed water molecules, methanol molecules and chlorine 

atom from the complex. The second and third stages of mass loss may be 

to the decomposition of Thiosemicarbazide and isatin moiet

respectively. The metal oxides are formed as residues above 650

According to the DTG curve of NiAD all the thermal decays involved 

endothermic decomposition (Neelakantan et al. 2008). 
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Nature 

Electrolyte 

The geometry of NiAD is further confirmed by the magnetic 

surement carried out at room temperature. The acquired 

). This zero magnetic moment of 

Ni(II) system with no unpaired electron. This corresponds 

eometry around Ni(II) in 

Magnetic moment value of NiAD complex 

Geometry 

Square planar 

DTG patterns of the complex NiAD. 

They are 50-200 � C 

The first stage is due to the 

, methanol molecules and chlorine 

. The second and third stages of mass loss may be 

to the decomposition of Thiosemicarbazide and isatin moiety 

as residues above 650 � C. 

According to the DTG curve of NiAD all the thermal decays involved 



 

Figure 6.

6.3.7 Emission Spectral Studies 

 Emission spectra of the Schiff base complex NiAD

DMSO. Figure 6.17 shows that 

band at around 439 nm 

315 nm. This may be attributed to intraligand transition mixed with metal 

ligand charge transfer (M

that of the ligand. It has been

ligand has quenched the fluorescence emission which is defined as chelation 

enhanced fluorescence intensity
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Figure 6.16 TG/DTG pattern of NiAD 

Emission Spectral Studies  

Emission spectra of the Schiff base complex NiAD 

shows that the NiAD complex exhibited the emission 

band at around 439 nm with higher fluorescent intensity upon excitation at 

nm. This may be attributed to intraligand transition mixed with metal 

ligand charge transfer (M-LCT) and are slightly red shifted when 

that of the ligand. It has been observed that coordination of Ni(II) ion with the 

the fluorescence emission which is defined as chelation 

enhanced fluorescence intensity (Bagihalli et al. 2008). 
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Figure 6.

6.3.8 Electrochemical Studies 

 The cyclic voltammogram of NiAD

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.21 V (Epc) which corresponds to the reduction of Ni(II) to Ni(I) and 

the anodic peak at -0.20V (Epa) which is a characteristic of the reversible 

oxidation of Ni(I) to Ni

by the calculated current ratio value (ipc/ipa), which is equal to 1

Nejati 2000). 

380

0

50

100

150

200

250

300

350

In
te

n
si

ty
 

Figure 6.17 Emission spectrum of NiAD 

Electrochemical Studies  

The cyclic voltammogram of NiADis illustrated in Figure 6.

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.21 V (Epc) which corresponds to the reduction of Ni(II) to Ni(I) and 

0.20V (Epa) which is a characteristic of the reversible 

oxidation of Ni(I) to Ni(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1
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is illustrated in Figure 6.18. It 

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.21 V (Epc) which corresponds to the reduction of Ni(II) to Ni(I) and 

0.20V (Epa) which is a characteristic of the reversible 

(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1(Khandar & 
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Figure 6.

6.3.9 Structure of NiAD

 The observations from the analytical and spectral data given above 

clearly divulged that the Schiff base ligand AD coordinate the 

through the imino nitrogen atom, one amino nitrogen atom of thiosemicarbazide

group and the amido oxygen atom of isatin moiety, leading to the square 

planar geometry around the Ni(II) ion. The remaining one position is 

occupied by chloride ion. 

using ChemBioOffice 12.0 software and simulated for minimum energy and 

is given in Figure 6.19

the complex formation is energetically favoured.
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Figure 6.18 Cyclic voltammogram of NiAD 

Structure of NiAD 

The observations from the analytical and spectral data given above 

that the Schiff base ligand AD coordinate the 

through the imino nitrogen atom, one amino nitrogen atom of thiosemicarbazide

group and the amido oxygen atom of isatin moiety, leading to the square 

planar geometry around the Ni(II) ion. The remaining one position is 

occupied by chloride ion. The structure explicated for the complex is drawn 

using ChemBioOffice 12.0 software and simulated for minimum energy and 

19. The low energy of 162.4245 k.cal/mol, 

the complex formation is energetically favoured. 
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The observations from the analytical and spectral data given above 

that the Schiff base ligand AD coordinate the Ni(II) ion 

through the imino nitrogen atom, one amino nitrogen atom of thiosemicarbazide 

group and the amido oxygen atom of isatin moiety, leading to the square 

planar geometry around the Ni(II) ion. The remaining one position is 

for the complex is drawn 

using ChemBioOffice 12.0 software and simulated for minimum energy and 

. The low energy of 162.4245 k.cal/mol, point out that 

0.4

 



 

 

In brief 

Colour   : Dark Yellow 

Yield   : 72 %  

Mol Formula  : C9H

% of Elements :  C 34.27, H 2.40 and N 18.29

IR (cm-1)   :1623, 1670, 

UV (nm)   : 320,400 and 460 

ΛM   : 13.54 S mol

µ   : 0 BM

Total Energy  : 162.424

6.4 Cu(II)-ISATIN(A)

[CuAD] 

6.4.1  Elemental Analysis

 The complex CuAD is dark yellow in colour. It is stable towards 

air, insoluble in water and soluble in organic solvent like DMSO.

experimentally attained

comparable, and it supports the formation of the complex. The stoichiometry 

of the complex has been found to be [Cu(AD)Cl

data of CuAD are specified

 

: Dark Yellow  

: 72 %   

H8N4OSNiCl 

34.27, H 2.40 and N 18.29 

:1623, 1670, 1510, 584, 495 and 435  

: 320,400 and 460  

13.54 S mol-1cm2 

: 0 BM 

: 162.4245k.cal/mol 

Figure 6.19  Structure of NiAD 

ISATIN(A) -THIOSEMICARBAZIDE(D) COMPLEX  

Analysis 

The complex CuAD is dark yellow in colour. It is stable towards 

air, insoluble in water and soluble in organic solvent like DMSO.

attained elemental analysis data and the theoretical values are 

comparable, and it supports the formation of the complex. The stoichiometry 

of the complex has been found to be [Cu(AD)Cl]. The Physical and analytical 

cified in Table 6.14. 
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THIOSEMICARBAZIDE(D) COMPLEX  

The complex CuAD is dark yellow in colour. It is stable towards 

air, insoluble in water and soluble in organic solvent like DMSO. The 

and the theoretical values are 

comparable, and it supports the formation of the complex. The stoichiometry 

The Physical and analytical 



 

Table 6.14

Complex 
Molecular 
Formula 

Molecular 
Weight

CuAD 
C9H8N4OS 

CuCl 
319.25

 

6.4.2  Vibrational 

 The FT-IR Spectral studies are very much useful to predict the 

structural aspects of the compounds. The vibrational spectrum o

exhibited in Figure 6.20

to that of the free ligand AD, but with changes in the position of the 

absorption bands as well as the appearance of new peaks. The imino 

stretching frequency appears at 1591 cm

ligand AD. This shift to the lower 

coordination of the imino nitrogen atom to the Cu (II) ion. 

peak due to N-H stretching of thiosemicarbazide has been shifted from 

1590 cm-1 to 1500 cm

(present in thiosemicarbazide) to the Cu(II) ion. 

peak due to the amido group (present in isatin moiety), has been shifted from 

1700 cm-1 to 1698 cm

Cu(II) ion. Further, the appearance of new bands at 583 cm

clearly evidences the formation of Cu

Another new absorption band at 449 cm

complex CuAD can be 

conclude that the Schiff base coordinates to Cu(II) ion through the imino 

nitrogen atom, amino nitrogen atom of thiosemicarbazide and amido oxygen 

atom. Chloride ion may 

14 Physical and analytical data of CuAD

Molecular 
Weight 

Melting 
Point 

°C 
Colour 

Elemental analysis

(Theoretical values in parenthesis)

C H N 

319.25 240 
Dark 

Yellow 

33.05 

(33.86) 

2.58 

(2.53) 

17.97 

(17.55)

Vibrational Spectral Studies 

IR Spectral studies are very much useful to predict the 

structural aspects of the compounds. The vibrational spectrum o

20, and the spectral data in Table 6.15. It is comparable 

to that of the free ligand AD, but with changes in the position of the 

absorption bands as well as the appearance of new peaks. The imino 

stretching frequency appears at 1591 cm-1, compared to 1671 cm

ligand AD. This shift to the lower frequency region clearly indicates the 

coordination of the imino nitrogen atom to the Cu (II) ion. Also the absorption 

H stretching of thiosemicarbazide has been shifted from 

to 1500 cm-1, which clearly reveal the coordination of amino group 

(present in thiosemicarbazide) to the Cu(II) ion. Furthermore, the absorption 

peak due to the amido group (present in isatin moiety), has been shifted from 

to 1698 cm-1, which clearly shows its coordination with the central 

Cu(II) ion. Further, the appearance of new bands at 583 cm-1

clearly evidences the formation of Cu-N and Cu-O bonds respectively. 

Another new absorption band at 449 cm-1 in the FTIR spectrum of 

complex CuAD can be allocated to the Cu-Cl bond present. Hence we can 

conclude that the Schiff base coordinates to Cu(II) ion through the imino 

nitrogen atom, amino nitrogen atom of thiosemicarbazide and amido oxygen 

atom. Chloride ion may reside in the fourth position of the possible square 
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of CuAD 

Elemental analysis 

(Theoretical values in parenthesis) 

Cu Cl 

 

(17.55) 

19.12 

(19.90) 

10.21 

(11.11) 

IR Spectral studies are very much useful to predict the 

structural aspects of the compounds. The vibrational spectrum of CuAD is 

. It is comparable 

to that of the free ligand AD, but with changes in the position of the 

absorption bands as well as the appearance of new peaks. The imino 

to 1671 cm-1 of the free 

clearly indicates the 

Also the absorption 

H stretching of thiosemicarbazide has been shifted from  

the coordination of amino group 

Furthermore, the absorption 

peak due to the amido group (present in isatin moiety), has been shifted from 

clearly shows its coordination with the central 
1 and 490 cm-1 

O bonds respectively. 

in the FTIR spectrum of the 

Cl bond present. Hence we can 

conclude that the Schiff base coordinates to Cu(II) ion through the imino 

nitrogen atom, amino nitrogen atom of thiosemicarbazide and amido oxygen 

e fourth position of the possible square 



 

planar arrangement. This makes the complex neutral, which is 

non-electrolytic nature of the complex 

Table 6.

Compound 
ν (C=N) 

(cm-1) 

AD 1671 

CuAD 1591 

 

Figure 6.

6.4.3  Electronic Spectral 

 UV-Visible spectrosc

CuAD and was recorded

(200-800 nm) as displayed

The spectrum of the complex is different when comparable with that of 

ligand. Like AD it also exhibits characteristic bands of 

and 400 nm, respectively.
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planar arrangement. This makes the complex neutral, which is 

electrolytic nature of the complex (Patil et al. 2011b).   

Table 6.15 IR spectral data ofCuAD 

 (C=N) 

 

ν (C=O) 

(cm-1) 

ν (N-H) 

(cm-1) 

ν (M-N) 

(cm-1) 

ν (M

(cm

1700 1590 - - 

1698 1500 583 490

Figure 6.20 FT-IR spectrum of CuAD 

Electronic Spectral Studies 

Visible spectroscopy is used to envisage the geometry of 

recorded in DMSO at room temperature in the range of 

displayed in Figure 6.21, and the spectral data 

The spectrum of the complex is different when comparable with that of 

ligand. Like AD it also exhibits characteristic bands of π-π*and n

and 400 nm, respectively. In addition to this another band centered at around 

3 0 0 0 2 5 0 0 2 0 0 0 1 5 0 0

W a v e n u m b e r ( c m - 1 )
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planar arrangement. This makes the complex neutral, which is proved by the 

ν (M-O) 

(cm-1) 

ν (M-Cl) 

(cm-1) 

 - 

490 449 

 

the geometry of 

in DMSO at room temperature in the range of  

and the spectral data in Table 6.16. 

The spectrum of the complex is different when comparable with that of the 

π*and n-π* at 300 

In addition to this another band centered at around 

1 0 0 0 5 0 0



 

480 nm is attributed to

hybridisation leading to s

validates the coordination of Cu(II) metal ion with ligand AD. 

Table 6.

Complex 
Absorption band

CuAD 
 

Figure 6.

6.4.4  Molar Conductivity Studies

 The conductance data of the synthesised CuAD complex is 

found out in DMSO and provided in Table 

17.86 S cm2 mol-1, reveals that the complex CuA
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480 nm is attributed to  2B1g →
2A1g d-d transition occured

ation leading to square planar geometry around copper (II). This also 

the coordination of Cu(II) metal ion with ligand AD.  

Table 6.16 Electronic spectral data of CuAD 

Absorption band 
(nm) 

Transition Geometry

300,400 
480 

M-L CT 
2B1g →

2A1g 
Square pla

 

Figure 6.21UV-Vis spectrum of CuAD 

Molar Conductivity Studies 

The conductance data of the synthesised CuAD complex is 

found out in DMSO and provided in Table 6.17. The observed value of 

, reveals that the complex CuAD is non-

300 400 500 600 700

Wavelength ( nm )
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occured due to dsp2 

quare planar geometry around copper (II). This also 

 

 

Geometry 

Square planar 

 

The conductance data of the synthesised CuAD complex is  

. The observed value of  

-electrolytic in 

800

 



 

nature. Thus, the CuA

present inside the coordination sphere, and it is also confirmed by the 

negative silver nitrate test.

Table 6.17 

Complex   Molar conductance (S cm

CuAD 

 

6.4.5  Magnetic Moment Studies

 The magnetic moment measurement for CuA

at room temperature. The observed magnetic moment value is 1.

(Table 6.18). It is ve

1.73 B.M of d9 Cu(II) system with single  unpaired electron in an essentially 

d x2-y2 orbital and suggests square planar geometry with dsp

authenticating the results of electronic spectral s

Table 6.18 

Complex 

CuAD 

 

6.4.6 Thermal Studies

 Thermal properties have been studied b

Figure 6.22 provides the TG

CuAD shows three mass loss stages

(18%) and 360-460 �

molecules, methanol 

nature. Thus, the CuAD complex is electrically neutral with the chloride ion 

present inside the coordination sphere, and it is also confirmed by the 

negative silver nitrate test. 

 Molar conductance data of CuAD complex

Molar conductance (S cm2 mol-1) Nature

17.86 Non-Electrolyte

Magnetic Moment Studies 

The magnetic moment measurement for CuAD was also carried out 

at room temperature. The observed magnetic moment value is 1.

). It is very close to the spin only magnetic moment value 

Cu(II) system with single  unpaired electron in an essentially 

orbital and suggests square planar geometry with dsp2 

authenticating the results of electronic spectral studies. 

 Magnetic moment value of CuAD complex

Magnetic moment, µeff (B.M) Geometry

1.6 Square planar

Thermal Studies 

Thermal properties have been studied by the TG

provides the TG-DTG patterns of CuAD. The thermogram of 

CuAD shows three mass loss stagesand they are 50-210� C (19%)
�C (15%).The first stage is due to the loss of water 

 molecules and chlorine atom from the 
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complex is electrically neutral with the chloride ion 

present inside the coordination sphere, and it is also confirmed by the 

complex 

Nature 

Electrolyte 

was also carried out 

at room temperature. The observed magnetic moment value is 1.6 B.M  

n only magnetic moment value  

Cu(II) system with single  unpaired electron in an essentially  
2 hybridisation, 

complex 

Geometry 

Square planar 

y the TG-DTG pattern. 

uAD. The thermogram of 

C (19%), 250-360 � C 

The first stage is due to the loss of water 

from the complex.The 



 

second and third stages may be attributed to the decomposition of 

Thiosemicarbazide group and the isatin moiety. The remaining materials are 

the residual metal oxide obtained above 700

of CuAD all the thermal decays involved endothermic decom

(Antony et al. 2013b).

Figure 6.

6.4.7 Emission Spectral Studies 

 Figure 6.23

exhibited the emission band at around 440 nm 

intensity upon excitation at 

transition mixed with metal 

red shifted when compared to that of the ligand. 

observed that coordination of C

fluorescence emission 
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tages may be attributed to the decomposition of 

Thiosemicarbazide group and the isatin moiety. The remaining materials are 

the residual metal oxide obtained above 700 � C. According to the DTG curve 

of CuAD all the thermal decays involved endothermic decom

. 

Figure 6.22 TG/DTG pattern of CuAD 

Emission Spectral Studies  

23 shows that the emission spectra of CuAD complex 

emission band at around 440 nm with higher 

intensity upon excitation at 315 nm. It may be ascribed 

transition mixed with metal - ligand charge transfer (M-LCT) and are slightly 

red shifted when compared to that of the ligand. Moreover i

observed that coordination of Cu(II) ion with the ligand has

fluorescence emission (Basak et al. 2007). 
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Thiosemicarbazide group and the isatin moiety. The remaining materials are 

C. According to the DTG curve 

of CuAD all the thermal decays involved endothermic decomposition  

 

shows that the emission spectra of CuAD complex 

with higher fluorescent 
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Figure 6.

6.4.8 Electrochemical Studies 

 The cyclic voltammogram of CuAD

shows a significant electrochemical process, which is found to fol

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.31 V (Epc) which corresponds to the reduction of Cu(II) to Cu(I) 

and the anodic peak at 

oxidation of Cu(I) to Cu(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1.
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Figure 6.23 Emission spectrum of CuAD 

Electrochemical Studies  

The cyclic voltammogram of CuAD is illustrated in Figure 6.

shows a significant electrochemical process, which is found to fol

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.31 V (Epc) which corresponds to the reduction of Cu(II) to Cu(I) 

and the anodic peak at -0.30 V (Epa) which is a characteristic of the reversible 

f Cu(I) to Cu(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1.
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is illustrated in Figure 6.24. It 

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.31 V (Epc) which corresponds to the reduction of Cu(II) to Cu(I) 

0.30 V (Epa) which is a characteristic of the reversible 

f Cu(I) to Cu(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1. 

460 470

 



 

Figure 6.

6.4.9 Powder XRD Analysis 

 The powder 

� to 32 � with maxima at 

distance = 6.89418 was 

pattern of the AD and CuAD are very similar with each other. This clearly 

demonstrates that the crys

the complexation of AD. It is further confirmed by calculating the grain size 

of CuAD using Scherrer’s formula d

particle size, λ is the wavelength of the radiation,

maximum and θ is the diffraction angle for hkl plane.

nanocrystalline with grain size 25.08 nm 
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Figure 6.24 Cyclic voltammogram of CuAD 

Powder XRD Analysis  

The powder XRD of CuAD measured between 2θ ranging from 

with maxima at 2θ =15.7442 corresponds to the inter

18 was exemplified in Figure 6.25. Both the powder XRD 

pattern of the AD and CuAD are very similar with each other. This clearly 

s that the crystallinity of CuAD have not been altered even after 

the complexation of AD. It is further confirmed by calculating the grain size 

of CuAD using Scherrer’s formula dxrd =  0.9λ / βcosθ , where  d

 is the wavelength of the radiation, β is the full 

θ is the diffraction angle for hkl plane.

nanocrystalline with grain size 25.08 nm (Neelakantan et al. 2008
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the complexation of AD. It is further confirmed by calculating the grain size 

where  dxrd is the 
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 is the diffraction angle for hkl plane. CuAD is 
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Figure 6.

6.4.10 ESR Spectroscopy

 EPR spectral studies of transition metal (II) complexes provide 

information about the distribution of unpaired electrons and the metal ion

environment. The EPR spectra of the CuAD complex recorded in DMSO at 

room temperature is shown in the Figure 6.

g� value is 2.25 and the g 

that the unpaired electron is localis

characteristic of the square planar geometry. Theg

deviation of gave from that of the free electron is due to the covalent character. 

Finally G is calculated by using the expression G = g

of 2.5 indicates negligible exchange interaction between metal centres’s in 

solid complex. Therefore ESR studies 

square planar geometry 
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Figure 6.25 XRD pattern of CuAD 

ESR Spectroscopy 

EPR spectral studies of transition metal (II) complexes provide 

information about the distribution of unpaired electrons and the metal ion

environment. The EPR spectra of the CuAD complex recorded in DMSO at 

ature is shown in the Figure 6.26. It has been observed that the 

value is 2.25 and the g ┴ value is 2.1. The trend g� > g┴ > 2.0023 indicated 

the unpaired electron is localised in the dx2-y2 of the Cu(II) ion and is 

characteristic of the square planar geometry. Thegave was found to be 2.17.The 

rom that of the free electron is due to the covalent character. 

Finally G is calculated by using the expression G = g� -2/g┴-2. The G value 

of 2.5 indicates negligible exchange interaction between metal centres’s in 

solid complex. Therefore ESR studies validates that the complex exhibits 

square planar geometry (Patil et al. 2011c).  

 

20 30 40 50 60 70

 2 Theta ( deg )

180 

 

 

EPR spectral studies of transition metal (II) complexes provide 

information about the distribution of unpaired electrons and the metal ion 

environment. The EPR spectra of the CuAD complex recorded in DMSO at 

. It has been observed that the 

> 2.0023 indicated 

of the Cu(II) ion and is 

was found to be 2.17.The 
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Figure 6.

6.4.11 Structure of CuAD

 The analytical and spectral data 

that the Schiff base ligand AD coordinate the Cu(II) ion through the imino 

nitrogen atom, one amino nitrogen atom of thiosemicarbazide moiety and the 

amido oxygen atom of isatin moiety. Since, the complex CuAD exhibits 

square planar geometry, we conclude that the remaining position is bonded 

with a chloride ion. The structure elucidated for the complex is drawn using 

ChemBioOffice 12.0 software and simulated for minimum e

given in Figure 6.27. The low energy of 

stability of the complex.
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Figure 6.26 ESR spectrum of CuAD 

Structure of CuAD 

The analytical and spectral data specified above clearly 

that the Schiff base ligand AD coordinate the Cu(II) ion through the imino 

nitrogen atom, one amino nitrogen atom of thiosemicarbazide moiety and the 

amido oxygen atom of isatin moiety. Since, the complex CuAD exhibits 

are planar geometry, we conclude that the remaining position is bonded 

with a chloride ion. The structure elucidated for the complex is drawn using 

ChemBioOffice 12.0 software and simulated for minimum e

. The low energy of 171.9038 k.cal/mol, 

stability of the complex. 
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above clearly give an idea 

that the Schiff base ligand AD coordinate the Cu(II) ion through the imino 

nitrogen atom, one amino nitrogen atom of thiosemicarbazide moiety and the 

amido oxygen atom of isatin moiety. Since, the complex CuAD exhibits 

are planar geometry, we conclude that the remaining position is bonded 

with a chloride ion. The structure elucidated for the complex is drawn using 

ChemBioOffice 12.0 software and simulated for minimum energy and is 

171.9038 k.cal/mol, denotes the 

1300

 



 

 

In brief  

Colour   : Dark Yellow 

Yield   : 69 %  

Mol Formula  : C9H

% of Elements : C 33.05, 

IR (cm-1)   :1591, 1698, 

UV (nm)   : 300, 400 a

ΛM   : 17.86 S mol

µ   : 1.6 BM

Total Energy  : 171.9038k.cal/mol

6.5  Zn(II)-ISATIN(A)

[ZnAD]  

6.5.1  Elemental Analysis

 The ZnAD complex is yellow in colour and stable towards air 

moisture. It is soluble in organic solvents like DMSO and not in water. The 

experimental elemental analytic data and the theoretical values are close to 

each other. The stoichiometry of the complex is found to be [Zn(AD)Cl], 

which also supports the for

analytical data of  ZnAD are provided in Table 6.

 

: Dark Yellow  

: 69 %   

H8N4OSCuCl 

33.05, H 2.58 and N 17.97 

:1591, 1698, 1500, 583, 490 and 449  

: 300, 400 and 480 

: 17.86 S mol-1cm2 

: 1.6 BM 

: 171.9038k.cal/mol 

Figure 6.27  Structure of CuAD 

ISATIN(A) -THIOSEMICARBAZIDE(D) 

Analysis 

The ZnAD complex is yellow in colour and stable towards air 

moisture. It is soluble in organic solvents like DMSO and not in water. The 

experimental elemental analytic data and the theoretical values are close to 

each other. The stoichiometry of the complex is found to be [Zn(AD)Cl], 

ts the formation of the complex. The physical and 

ZnAD are provided in Table 6.19. 
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THIOSEMICARBAZIDE(D) COMPLEX  

The ZnAD complex is yellow in colour and stable towards air and 

moisture. It is soluble in organic solvents like DMSO and not in water. The 

experimental elemental analytic data and the theoretical values are close to 

each other. The stoichiometry of the complex is found to be [Zn(AD)Cl], 

The physical and the 



 

Table 6.

Complex 
Molecular 
Formula 

Molecular 
Weight

ZnAD 
C9H8N4OS 

ZnCl 
321.09

 

6.5.2  Vibrational Spectral 

 The FT-IR Spectral studies are utilized to obtain the structural 

aspects of the compounds. The vibrational spectrum of ZnAD is 

Figure 6.28, and the spectral data in Table 6.

free ligand AD, but with significant changes in the position of the absorption 

bands as well as the appearance of 

appears at 1614 cm-1, compared to 1671 cm

to the lower frequency region

nitrogen atom to the Zn(II) ion. 

stretching of thiosemicarbazide has been shifted from 1590 cm

which clearly reveals the coordination of amino group (present in 

thiosemicarbazide) to the Co(II) ion. 

amido group (present in isatin moiety), has been shifted from 1700 cm

1678 cm-1, which signifies its coordination with the central Zn(II) ion. 

Further, the appearance of new bands at 532 cm

formation of Zn-N and Zn

band at 435 cm-1 in the FTIR spectrum of the complex ZnAD can be assigned 

to the Zn-Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Zn(II) ion through the imino nitrogen atom, amino nitrogen 

atom of thiosemicarb

fourth position of the possible square planar arrangement is occupied by 

chloride ion. This makes the complex neutral, which is confirmed by the non

electrolytic nature of the complex 

19 Physical and analytical data of ZnAD

Molecular 
Weight 

Melting 
Point 

°C 
Colour 

Elemental analysis

(Theoretical values in 

C H N 

321.09 243 Yellow 
33.28 

(33.66) 

2.23 

(2.51) 

17.09 

(17.45)

Vibrational Spectral Studies 

IR Spectral studies are utilized to obtain the structural 

compounds. The vibrational spectrum of ZnAD is 

and the spectral data in Table 6.20. It is comparable to that of the 

free ligand AD, but with significant changes in the position of the absorption 

bands as well as the appearance of new peaks. The imino stretching frequency 

, compared to 1671 cm-1 of the free ligand AD. This shift 

frequency region clearly indicates the coordination of the imino 

nitrogen atom to the Zn(II) ion. Moreover the absorption peak due to N

stretching of thiosemicarbazide has been shifted from 1590 cm-

which clearly reveals the coordination of amino group (present in 

thiosemicarbazide) to the Co(II) ion. Further, the absorption peak due to the 

t in isatin moiety), has been shifted from 1700 cm

, which signifies its coordination with the central Zn(II) ion. 

Further, the appearance of new bands at 532 cm-1 and 490 cm

N and Zn-O bonds respectively. Another new absorption 

in the FTIR spectrum of the complex ZnAD can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Zn(II) ion through the imino nitrogen atom, amino nitrogen 

atom of thiosemicarbazide and amido oxygen atom of isatin moiety. The 

fourth position of the possible square planar arrangement is occupied by 

chloride ion. This makes the complex neutral, which is confirmed by the non

electrolytic nature of the complex (Raman et al. 2011b). 
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of ZnAD  

Elemental analysis 

(Theoretical values in parenthesis) 

Zn Cl 

 

(17.45) 

20.19 

(20.36) 

10.97 

(11.04) 

IR Spectral studies are utilized to obtain the structural 

compounds. The vibrational spectrum of ZnAD is portrayed in 

. It is comparable to that of the 

free ligand AD, but with significant changes in the position of the absorption 

new peaks. The imino stretching frequency 

of the free ligand AD. This shift 

clearly indicates the coordination of the imino 

eak due to N-H 
-1 to 1500 cm-1, 

which clearly reveals the coordination of amino group (present in 

Further, the absorption peak due to the 

t in isatin moiety), has been shifted from 1700 cm-1 to 

, which signifies its coordination with the central Zn(II) ion. 

and 490 cm-1 confirms the 

er new absorption 

in the FTIR spectrum of the complex ZnAD can be assigned 

Cl bond present. Hence we can conclude that the Schiff base 

coordinates to Zn(II) ion through the imino nitrogen atom, amino nitrogen 

azide and amido oxygen atom of isatin moiety. The 

fourth position of the possible square planar arrangement is occupied by 

chloride ion. This makes the complex neutral, which is confirmed by the non-



 

Table 6.

Compound 
ν (C=N) 

(cm-1) 

AD 1671 

ZnAD 1614 
 

Figure 6.

6.5.3  Electronic Spectral 

 The electronic spectrum of ZnAD is 

the spectral data in Table 6.

bands are present but with some changes, both in intensity and position. This 

may be due to the coordination of Zn(II) with the ligand L. 

charge-transfer transition arising due to metal to ligand 

contributes to the appearance of these bands at 300 nm & 370 nm 

et al. 1974). Normally, the geometry of the metal complexes around metal ion 
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Table 6.20 IR spectral data of ZnAD 

ν (C=O) 

(cm-1) 

ν (N-H) 

(cm-1) 

ν (M-N) 

(cm-1) 

ν (M-O)

(cm-1)

1700 1590 - - 

1678 1500 532 490 

Figure 6.28 FT-IR spectra of ZnAD 

Electronic Spectral Studies  

The electronic spectrum of ZnAD is displayed in Figure

the spectral data in Table 6.21. In the electronic spectrum of ZnAD

bands are present but with some changes, both in intensity and position. This 

may be due to the coordination of Zn(II) with the ligand L. Furthermore

ransition arising due to metal to ligand π-

contributes to the appearance of these bands at 300 nm & 370 nm 

. Normally, the geometry of the metal complexes around metal ion 

3500 3000 2500 2000 1500 1000

Wavenumber(cm-1)
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in Figure 6.29 and 

In the electronic spectrum of ZnAD, the  

bands are present but with some changes, both in intensity and position. This 

Furthermore, the 

-back bonding 

contributes to the appearance of these bands at 300 nm & 370 nm (Lovecchio 

. Normally, the geometry of the metal complexes around metal ion 

500



 

can be found out using the d

400 nm. However, the Zn(II) complexes due to the completely filled d

configuration, do not exhibit d

above 400 nm. Nevertheless, the four coordinated Zn(II) complex may be 

assigned a tetrahedral geometry.

Table

Compound Absorption band(nm)

ZnAD 
 

Figure 6.

6.5.4  Molar Conductivity Studies

 The molar conductance of the synthesised ZnAD complex is taken

in DMSO and shown in Table 6.

be an evidence for non

indicates that the ZnAD complex is electrically neutral having the chloride 

ion within the coordination sphere, w

result, noticed in silver nitrate test. 

2 0 0
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can be found out using the d-d transitions in the electronic spectroscopy abo

400 nm. However, the Zn(II) complexes due to the completely filled d

configuration, do not exhibit d-d transition and show no absorption band 

above 400 nm. Nevertheless, the four coordinated Zn(II) complex may be 

assigned a tetrahedral geometry. 

Table 6.21 Electronic spectral data of AD 

Absorption band(nm) Transition 

300,370 CT 

Figure 6.29 UV-visible spectrum of ZnAD 

Molar Conductivity Studies 

The molar conductance of the synthesised ZnAD complex is taken

in DMSO and shown in Table 6.22. The observed value of 26.4 S cm

be an evidence for non-electrolytic nature of the complex ZnAD. This 

indicates that the ZnAD complex is electrically neutral having the chloride 

ion within the coordination sphere, which is further proved by

silver nitrate test.  

3 00 4 0 0 5 0 0 6 0 0 70 0

w a ve le n g th  ( n m  )
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d transitions in the electronic spectroscopy above 

400 nm. However, the Zn(II) complexes due to the completely filled d10 

d transition and show no absorption band 

above 400 nm. Nevertheless, the four coordinated Zn(II) complex may be 

Geometry 

Tetrahedral 

 

The molar conductance of the synthesised ZnAD complex is taken 

. The observed value of 26.4 S cm2 mol-1, 

electrolytic nature of the complex ZnAD. This 

indicates that the ZnAD complex is electrically neutral having the chloride 

proved by the negative 

8 0 0
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Complex   Molar conductance (S cm

ZnAD 

 

6.5.5  Magnetic Moment Studie

 The magnetic moment for ZnAD was measured at room 

temperature. The obtained magnetic moment value is zero (Table 6.

zero magnetic moment of ZnAD assigns to d

electron. It also supports the tetrahedral geometry a

hybridisation in ZnAD.

Table 6.23 

Complex 

ZnAD 
 

6.5.6 Thermal Studies

 Figure 6.30 

mass loss stages. The first stage is due to the loss of water molecules

methanol molecules and chlorine atom

50-210 � C (5%). The second and third stages may be attributed to the 

decomposition of thiosemicarbazide group and the isatin moiety 

of 210-320 � C (13%) 

metal oxides are obtained above 

ZnAD all the thermal decays involved endothermic decomposition 

al. 2013b). 

Table 6.22 Molar conductance data of ZnAD 

Molar conductance (S cm2 mol-1) Nature

26.4 Non-Electrolyte

Magnetic Moment Studies 

The magnetic moment for ZnAD was measured at room 

temperature. The obtained magnetic moment value is zero (Table 6.

zero magnetic moment of ZnAD assigns to d10 Zn(II) system with no unpaired 

electron. It also supports the tetrahedral geometry around Zn(II) with sp

hybridisation in ZnAD. 

3 Magnetic moment value of ZnAD complex

Magnetic moment, µeff (B.M) Geometry

0 Tetrahedral

Studies 

30 provides the TG-DTG pattern of ZnAD. 

The first stage is due to the loss of water molecules

methanol molecules and chlorine atom from the complex in the range of

The second and third stages may be attributed to the 

decomposition of thiosemicarbazide group and the isatin moiety 

(13%) and 320-410 � C (20%) respectively. The residual 

des are obtained above 650 � C. According to the DTG curve of 

ZnAD all the thermal decays involved endothermic decomposition 
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data of ZnAD  

Nature 

Electrolyte 

The magnetic moment for ZnAD was measured at room 

temperature. The obtained magnetic moment value is zero (Table 6.23). This 

Zn(II) system with no unpaired 

round Zn(II) with sp3 

Magnetic moment value of ZnAD complex 

Geometry 

Tetrahedral 

DTG pattern of ZnAD. It shows three 

The first stage is due to the loss of water molecules, 

in the range of 

The second and third stages may be attributed to the 

decomposition of thiosemicarbazide group and the isatin moiety in the range 

respectively. The residual 

According to the DTG curve of 

ZnAD all the thermal decays involved endothermic decomposition (Antony et 



 

 

Figure 6.

6.5.7 Emission Spectral Studies 

 Emission spectra of the Schiff base comp

in DMSO. Figure 6.31

band at around 439 nm with maximum intensity (higher than the ligand).T

Zn(II) complex exhibit strong fluorescence

oxidise or reduce due to their stable d

of light is assigned as relaxation from higher energy level to lower energy 

level due to the intraligand transitions 
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Figure 6.30 TG/DTG pattern of ZnAD 

Emission Spectral Studies  

Emission spectra of the Schiff base complex ZnAD was 

31 shows that the ZnAD complex exhibited the emission 

nm with maximum intensity (higher than the ligand).T

Zn(II) complex exhibit strong fluorescence, as the Zn(II) ions are difficult to 

e or reduce due to their stable d10 configurations. Further the emission 

of light is assigned as relaxation from higher energy level to lower energy 

level due to the intraligand transitions (Ye et al. 2005) . 
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shows that the ZnAD complex exhibited the emission 

nm with maximum intensity (higher than the ligand).The 

II) ions are difficult to 

Further the emission 
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Figure 6.

6.5.8 Electrochemical Studies 

 The cyclic voltammogram of

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.21 V (Epc) which corresponds to the reduction of Zn(I

and the anodic peak at 

oxidation of Zn(I) to Zn(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1

al. 2011d). 
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Figure 6.31 Emission spectrum of ZnAD 

Electrochemical Studies  

The cyclic voltammogram of ZnAD is portrayed in Figure 6.

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.21 V (Epc) which corresponds to the reduction of Zn(I

and the anodic peak at -0.22 V (Epa) which is a characteristic of the reversible 

oxidation of Zn(I) to Zn(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1
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in Figure 6.32. It 

shows a significant electrochemical process, which is found to follow the one 

electron reversible mechanism. This reversible process includes the cathodic 

peak at 0.21 V (Epc) which corresponds to the reduction of Zn(II) to Zn(I) 

0.22 V (Epa) which is a characteristic of the reversible 

oxidation of Zn(I) to Zn(II). The reversible nature of this process is confirmed 

by the calculated current ratio value (ipc/ipa), which is equal to 1(Raman et 

460 470



 

Figure 6.

6.5.9 Structure of ZnAD

 The results from the analytical and spectral data given

clearly demonstrate that the Schiff base ligand AD coordinate the Zn(II) ion 

through the imino nitrogen atom, 

thiosemicarbazide and the amido oxygen atom of the isatin moiety. The final 

position of the four coordinated str

making the complex electrically neutral. Tetrahedral geometry has been 

assigned to the complex ZnAD. The structure elucidated for the complex is 

drawn using ChemBioOffice 12.0 software and simulated for minimum 

energy and is exhibited

implies the stability of the complex.
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Figure 6.32 Cyclic voltammogram of ZnAD 

Structure of ZnAD 

The results from the analytical and spectral data given

clearly demonstrate that the Schiff base ligand AD coordinate the Zn(II) ion 

hrough the imino nitrogen atom, one amino nitrogen atom of 

thiosemicarbazide and the amido oxygen atom of the isatin moiety. The final 

position of the four coordinated structure is bound by one chloride ion, 

making the complex electrically neutral. Tetrahedral geometry has been 

assigned to the complex ZnAD. The structure elucidated for the complex is 

drawn using ChemBioOffice 12.0 software and simulated for minimum 

exhibited in Figure 6.33.The low energy of 234.9815 k.cal/mol 

the stability of the complex. 
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The results from the analytical and spectral data given above 

clearly demonstrate that the Schiff base ligand AD coordinate the Zn(II) ion 

one amino nitrogen atom of 

thiosemicarbazide and the amido oxygen atom of the isatin moiety. The final 

ucture is bound by one chloride ion, 

making the complex electrically neutral. Tetrahedral geometry has been 

assigned to the complex ZnAD. The structure elucidated for the complex is 

drawn using ChemBioOffice 12.0 software and simulated for minimum 

ergy of 234.9815 k.cal/mol 
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In brief 

Colour   : Yellow 

Yield   : 61 %  

Mol Formula  : C9H

% of Elements : C 33.28, H 2.23 and N 17.09

IR(cm-1)   :1614,1678,

UV (nm)   : 300 and 370 

ΛM   : 26.4 S mol

µ   : 0 BM    

TotalEnergy  : 234.9815k.cal

 

: Yellow  

: 61 %   

H8N4OSZnCl 

33.28, H 2.23 and N 17.09 

:1614,1678,1500, 532,490 and 435 

: 300 and 370  

: 26.4 S mol-1cm2 

: 0 BM     

: 234.9815k.cal/mol     

Figure 6.33  Structure of ZnAD 

 

190 

 



 

7.1  CORROSION INHIBITION STUDIES OF AB, AC 

7.1.1  Corrosion Studies 

 The application of the synthesised 

inhibitors, was studied by weight loss method in the corrosion of aluminium 

foil in 1M HCl solution. The graphical presentation of variation of the 

inhibitor efficiency with con

Figure 7.1, 7.3 and 7.5 and that of surface coverage in Figure 7.2, 7.4 

 Corrosion inhibition is ascribed to the adsorption of inhibitor on 

aluminium foil. The results (Table 7.1

efficiency increases with the concentration of the inhibitor. The lone pair of 

electrons on N and O atoms along with the delocalis

reason for high inhibition efficiency. As inhibitor concentration increases, it 

covers more and more surface area and results in the reduction of corrosion 

rate. The results indicate that the inhibition efficiency increases with the 

concentration of the inhibitor. It increases steadily as the concentration 

increases. The maximum efficiency of

concentration of AB and AC and 71.1 % for 1 mmol of AD. 

coverage of the inhibitor increases slowly

concentration. 

 

 

CHAPTER 7 

APPLICATIONS 

 

CORROSION INHIBITION STUDIES OF AB, AC 

Studies by Weight Loss Method 

The application of the synthesised AB, AC and AD as Corrosion 

inhibitors, was studied by weight loss method in the corrosion of aluminium 

foil in 1M HCl solution. The graphical presentation of variation of the 

inhibitor efficiency with concentration of AB, AC and AD are given in 

7.5 and that of surface coverage in Figure 7.2, 7.4 

Corrosion inhibition is ascribed to the adsorption of inhibitor on 

aluminium foil. The results (Table 7.1 to 7.3) indicate that the 

efficiency increases with the concentration of the inhibitor. The lone pair of 

O atoms along with the delocalised pi electrons can be the 

reason for high inhibition efficiency. As inhibitor concentration increases, it 

ore and more surface area and results in the reduction of corrosion 

The results indicate that the inhibition efficiency increases with the 

concentration of the inhibitor. It increases steadily as the concentration 

increases. The maximum efficiency of 68.88 % was observed for 1 mmol 

concentration of AB and AC and 71.1 % for 1 mmol of AD. 

inhibitor increases slowly and steadily with the increase in 
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CORROSION INHIBITION STUDIES OF AB, AC AND  AD 

, AC and AD as Corrosion 

inhibitors, was studied by weight loss method in the corrosion of aluminium 

foil in 1M HCl solution. The graphical presentation of variation of the 

, AC and AD are given in  

7.5 and that of surface coverage in Figure 7.2, 7.4 and 7.6. 

Corrosion inhibition is ascribed to the adsorption of inhibitor on 

3) indicate that the inhibition 

efficiency increases with the concentration of the inhibitor. The lone pair of 

ed pi electrons can be the 

reason for high inhibition efficiency. As inhibitor concentration increases, it 

ore and more surface area and results in the reduction of corrosion 

The results indicate that the inhibition efficiency increases with the 

concentration of the inhibitor. It increases steadily as the concentration 

68.88 % was observed for 1 mmol 

concentration of AB and AC and 71.1 % for 1 mmol of AD. The surface 

y with the increase in 



 

 

Table 7.1  Corrosion inhibition efficiency and surface covera
aluminium sheet by AB 

S.No 
Conc. 

(m mol) 
Weight 
loss (g)

1 Blank 0.00045

2 0.2 0.00032

3 0.4 0.00028

4 0.6 0.00023

5 0.8 0.00019

6 1 0.00014

 

Figure 7.1 Corrosion i

Corrosion inhibition efficiency and surface covera
aluminium sheet by AB  

Weight 
loss (g) 

Inhibition 
Efficiency 

(%) 

Surface 
Coverage 

(θ) 
log C 

0.00045 - - - 

0.00032 28.8 0.29 -0.6989 

0.00028 37.78 0.38 -0.3979 

0.00023 48.8 0.49 -0.2218 

0.00019 57.77 0.58 -0.0969 

0.00014 68.88 0.69 0 

Figure 7.1 Corrosion inhibition efficiency of AB
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Corrosion inhibition efficiency and surface coverage of 

log (θ/1- θ) 

- 

-0.3888 

-0.2126 

-0.0173 

0.1401 

0.3474 

 

nhibition efficiency of AB 



 

Figure 7.2 Surface coverage of AB

Table 7.2 Corrosion inhibition efficiency and surface coverage of 
aluminium sheet by AC

S.No 
Conc 

(m mol) 
Weight 
loss (g)

1 Blank 0.00045

2 0.2 0.00031

3 0.4 0.00029

4 0.6 0.00025

5 0.8 0.00019

6 1 0.00014

Figure 7.2 Surface coverage of AB 

Corrosion inhibition efficiency and surface coverage of 
aluminium sheet by AC 

Weight 
loss (g) 

Inhibition  
Efficiency 

(%) 

Surface 
Coverage 

(θ ) 
log C

0.00045 - - - 

0.00031 31.1 0.31 -0.6989

0.00029 35.5 0.35 -0.3979

0.00025 44.4 0.44 -0.2218

0.00019 57.7 0.57 -0.0969

0.00014 68.8 0.68 0 
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Corrosion inhibition efficiency and surface coverage of 

log C 
log 

(θ/1- θ) 

- 

0.6989 -0.3454 

0.3979 -0.2593 

0.2218 -0.0976 

0.0969 0.1348 

 0.3434 



 

Figure 7.

Figure 7.4 Surface coverage of AC

 

Figure 7.3 Corrosion inhibition efficiency of AC

Figure 7.4 Surface coverage of AC 
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nhibition efficiency of AC 

 



 

Table 7.3  Corrosion inhibition efficiency and surface coverage of 
aluminium sheet by AD

S.No 
Conc 

(m mol) 
Weight 
loss (g)

1 Blank 0.00045

2 0.2 0.00036

3 0.4 0.00027

4 0.6 0.00020

5 0.8 0.00018

6 1 0.00013

 

Figure 7.5 Corro

Corrosion inhibition efficiency and surface coverage of 
aluminium sheet by AD 

Weight 
loss (g) 

Inhibition  
Efficiency 

(%) 

Surface 
Coverage  

(θ) 
log C 

0.00045 - - - 

0.00036 20.00 0.20 -0.6989

0.00027 40.00 0.40 -0.3979

0.00020 55.56 0.56 -0.2218

0.00018 60.00 0.60 -0.0969

0.00013 71.11 0.71 0 

Figure 7.5 Corrosion inhibition efficiency of AD

195 

 

Corrosion inhibition efficiency and surface coverage of 

 log (θ/1- θ) 

- 

0.6989 -0.6020 

0.3979 -0.1760 

0.2218 0.0969 

0.0969 0.1760 

0.3912 

 

nhibition efficiency of AD 



 

Figure 7.6 Surface coverage of AD

7.1.2 Corrosion Studies 

 Further the inhibition efficiency of 

evidenced by taking the optical image of aluminium sheet, acid treated 

aluminium sheet with inhibitor and without inhibitor which are shown in the 

following figures. Regarding Figure 7.

smooth surface has been observed in the aluminium sheet before acid 

treatment. But the surface has been c

with acid which is depicted in Figure 

corrosion tendency has been reduced in a very good manner with inhibitors 

AB, AC and AD respectively which are shown in Figure 

Comparatively the inhibitor AD acquire

may be due to the lone pair electrons of nitrogen and oxyge

with the delocalised π-

foil can occur by the interactions between the 

the vacant d orbitals of metal surface atoms. This is due to the ability of the 

Figure 7.6 Surface coverage of AD 

Studies by Optical Microscopic Method

Further the inhibition efficiency of AB, AC and AD can be 

evidenced by taking the optical image of aluminium sheet, acid treated 

minium sheet with inhibitor and without inhibitor which are shown in the 

following figures. Regarding Figure 7.7a, 7.8a & 7.9a it is well clear that a 

smooth surface has been observed in the aluminium sheet before acid 

treatment. But the surface has been corroded vigorously when it was treated 

with acid which is depicted in Figure 7.7b, 7.8b & 7.9b. However the 

corrosion tendency has been reduced in a very good manner with inhibitors 

, AC and AD respectively which are shown in Figure 7.7c, 

Comparatively the inhibitor AD acquires high inhibition efficiency 

may be due to the lone pair electrons of nitrogen and oxyge

-electrons. The adsorption of inhibitor on the aluminium 

foil can occur by the interactions between the π electrons of the inhibitor and 

the vacant d orbitals of metal surface atoms. This is due to the ability of the 
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Microscopic Method 

, AC and AD can be 

evidenced by taking the optical image of aluminium sheet, acid treated 

minium sheet with inhibitor and without inhibitor which are shown in the 

a it is well clear that a 

smooth surface has been observed in the aluminium sheet before acid 

orroded vigorously when it was treated 

b. However the 

corrosion tendency has been reduced in a very good manner with inhibitors 

c, 7.8c and 7.9c. 

high inhibition efficiency which 

may be due to the lone pair electrons of nitrogen and oxygen atoms along 

electrons. The adsorption of inhibitor on the aluminium 

 electrons of the inhibitor and 

the vacant d orbitals of metal surface atoms. This is due to the ability of the 



 

ligand AD to form a passive film on

2012). Extent of film formation is more prominent in the ligand AD because 

of its high chemical adsorptive nature. It can be explained on the basis of the 

effect of chemical structure. In this respect the isatin ring, N

and C=S of thiosemicarbazide can form a big 

more than one centre of chemical

preventing corrosion. 

Figure 7.7 (a) Optical image of aluminium sheet (b) acid treated 
aluminium sheet without inhibitor (c) acid treated 
aluminium sheet with inhibitor AB

Figure 7.8 (a) Optical image of aluminium sh
aluminium sheet without inhibitor (c) acid treated 
aluminium sheet with inhibitor AC

 

ligand AD to form a passive film on the surface of the foil (

Extent of film formation is more prominent in the ligand AD because 

its high chemical adsorptive nature. It can be explained on the basis of the 

effect of chemical structure. In this respect the isatin ring, N

carbazide can form a big π bond.These bonds produce 

more than one centre of chemical adsorption on aluminium foil thus 

corrosion.  

(a) Optical image of aluminium sheet (b) acid treated 
aluminium sheet without inhibitor (c) acid treated 
aluminium sheet with inhibitor AB  

(a) Optical image of aluminium sheet (b) acid treated 
aluminium sheet without inhibitor (c) acid treated 
aluminium sheet with inhibitor AC  

197 

 

(Hameed et al. 

Extent of film formation is more prominent in the ligand AD because 

its high chemical adsorptive nature. It can be explained on the basis of the 

effect of chemical structure. In this respect the isatin ring, N-H, C=O,C=N 

.These bonds produce 

adsorption on aluminium foil thus 

 

(a) Optical image of aluminium sheet (b) acid treated 
aluminium sheet without inhibitor (c) acid treated 

 

eet (b) acid treated 
aluminium sheet without inhibitor (c) acid treated 



 

Figure 7.9 (a) Optical image of aluminium sheet (b) acid treated 
aluminium sheet without inhibitor (c) acid treated 
aluminium sheet with inhibitor 

7.2  DNA BINDING STUDIES 

 There has been substantial interest in studying the affinity and 

selectivity in binding of metal complexes to DNA. The results of such studies 

may find application in chemotherapy and in the development of tools for 

biotechnology. Much work has been carried out to understand the non 

covalent interaction of DNA 

interaction of CT-DNA with all the synthesised 

spectral studies. Electronic absorption spectrum is o

techniques for probing interaction of metal complexes with DNA. The 

hyperchromic effect or hypochromic effect is special feature of DNA 

concerning its double helix structure. Hypochromism results from the 

concentration of DNA in the heli

conformation on DNA, while hyperchromism results from the structural 

damage of DNA (Liu 

7.2.1  Absorption S

 The electronic absorption titration of 

ZnAB has been carried out at a fixed concentration of the complex in DMSO 

at 25 � C, varying the concentration of DNA and are illustrated in 

Figure 7.10 (a -  d). The absorption spectra of all the complexes show bands 

(a) Optical image of aluminium sheet (b) acid treated 
aluminium sheet without inhibitor (c) acid treated 
aluminium sheet with inhibitor AD 

DNA BINDING STUDIES  

There has been substantial interest in studying the affinity and 

selectivity in binding of metal complexes to DNA. The results of such studies 

may find application in chemotherapy and in the development of tools for 

ogy. Much work has been carried out to understand the non 

covalent interaction of DNA with metal complexes. Hereby we re

DNA with all the synthesised complexes using absorption 

spectral studies. Electronic absorption spectrum is one of the powerful 

techniques for probing interaction of metal complexes with DNA. The 

hyperchromic effect or hypochromic effect is special feature of DNA 

concerning its double helix structure. Hypochromism results from the 

concentration of DNA in the helix axis as well as from the change in 

conformation on DNA, while hyperchromism results from the structural 

Liu et al. 2006, Liu et al. 2009). 

Absorption Spectral Studies of CoAB, NiAB, CuAB and ZnAB

The electronic absorption titration of CoAB, NiAB, CuAB and 

has been carried out at a fixed concentration of the complex in DMSO 

C, varying the concentration of DNA and are illustrated in 

The absorption spectra of all the complexes show bands 
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(a) Optical image of aluminium sheet (b) acid treated 
aluminium sheet without inhibitor (c) acid treated 

There has been substantial interest in studying the affinity and 

selectivity in binding of metal complexes to DNA. The results of such studies 

may find application in chemotherapy and in the development of tools for 

ogy. Much work has been carried out to understand the non 

Hereby we report the 

complexes using absorption 

ne of the powerful 

techniques for probing interaction of metal complexes with DNA. The 

hyperchromic effect or hypochromic effect is special feature of DNA 

concerning its double helix structure. Hypochromism results from the 

x axis as well as from the change in 

conformation on DNA, while hyperchromism results from the structural 

Studies of CoAB, NiAB, CuAB and ZnAB 

CoAB, NiAB, CuAB and 

has been carried out at a fixed concentration of the complex in DMSO 

C, varying the concentration of DNA and are illustrated in  

The absorption spectra of all the complexes show bands 



 

in the region 313 nm to 390 nm and are ass

transfer (LMCT) transitions. When the amount of DNA is increased, the 

intensity of the charge transfer band is also changed, due to either 

hypochromism or hyperchromism. The complexes CoAB, NiAB, CuAB and 

ZnAB shows hypochro

characteristic of intercalation which is attributed to the interaction between 

the aromatic chromophore ligand of metal complex and the base pairs of 

DNA (Raman et al. 

complexes intercalated into the base pairs of DNA, its 

with the π orbital of DNA base pairs to give rise to the decrease in the 

transition energies. As a result the 

ligand wasshifted to the longer wavelength (red shift).

Figure 7.10 Absorption spectra of (a) CoAB (b) NiAB (c) CuAB 
(d) ZnAB in presence of DNA 

in the region 313 nm to 390 nm and are assigned to ligand to 

(LMCT) transitions. When the amount of DNA is increased, the 

the charge transfer band is also changed, due to either 

hypochromism or hyperchromism. The complexes CoAB, NiAB, CuAB and 

ZnAB shows hypochromism with slight red shift in the presence of DNA 

characteristic of intercalation which is attributed to the interaction between 

the aromatic chromophore ligand of metal complex and the base pairs of 

 2011b). When the ligand of isatin based metal (II) 

complexes intercalated into the base pairs of DNA, its π* orbital was coupled 

 orbital of DNA base pairs to give rise to the decrease in the 

transition energies. As a result the λmax of the intra ligand transition of the 

gand wasshifted to the longer wavelength (red shift). 

Absorption spectra of (a) CoAB (b) NiAB (c) CuAB 
(d) ZnAB in presence of DNA  
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ligand to metal charge 

(LMCT) transitions. When the amount of DNA is increased, the 

the charge transfer band is also changed, due to either 

hypochromism or hyperchromism. The complexes CoAB, NiAB, CuAB and 

mism with slight red shift in the presence of DNA 

characteristic of intercalation which is attributed to the interaction between 

the aromatic chromophore ligand of metal complex and the base pairs of 

based metal (II) 

* orbital was coupled 

 orbital of DNA base pairs to give rise to the decrease in the π-π* 

of the intra ligand transition of the 

 

Absorption spectra of (a) CoAB (b) NiAB (c) CuAB  



 

7.2.2  Absorption 

 The electronic absorption titration of 

ZnAC has been carried out at a fixed concentration of the complex in DMSO 

at 25 � C, varying the concentration of DNA a

Figure 7.11 (a - d). The absorption spectra of all the complexes show bands in 

the region 270 nm-350 nm and are assigned to ligand to metal charge transfer 

(LMCT) transitions. When the amo

the charge transfer band is also changed, due to either hypochromism or 

hyperchromism. 

Figure 7.11 Absorption spectra of (a) CoAC (b)  NiAC (c)  CuAC 
(d) ZnAC  in presence of DNA

 

 

Absorption Spectral Studies of CoAC, NiAC, CuA

The electronic absorption titration of CoAC, NiAC, CuAC and 

has been carried out at a fixed concentration of the complex in DMSO 

C, varying the concentration of DNA and are illustrated in 

d). The absorption spectra of all the complexes show bands in 

350 nm and are assigned to ligand to metal charge transfer 

(LMCT) transitions. When the amount of DNA is increased, the intensity of 

the charge transfer band is also changed, due to either hypochromism or 

Absorption spectra of (a) CoAC (b)  NiAC (c)  CuAC 
(d) ZnAC  in presence of DNA 
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NiAC, CuAC and 

has been carried out at a fixed concentration of the complex in DMSO 

nd are illustrated in  

d). The absorption spectra of all the complexes show bands in 

350 nm and are assigned to ligand to metal charge transfer 

unt of DNA is increased, the intensity of 

the charge transfer band is also changed, due to either hypochromism or 

 

Absorption spectra of (a) CoAC (b)  NiAC (c)  CuAC  



 

 The complexes CoAC, NiAC, and

slight red shift in the presence of DNA characteristic of intercalation which is 

attributed to the interaction between the aromatic chromophore ligand of 

metal complex and the base pairs of DNA. When the ligand of isatin based 

metal (II) complexes intercalated into the base pairs of DNA, its 

was coupled with the π

in the π-π* transition energies. As a result the 

of the ligand was shifted to the longer wavelength (red shift).And the complex 

CuAC shows hypochromism without any shift. 

7.2.3 Absorption 

 The electronic absorption titration of 

ZnAD has been carried out

at 25 � C, varying the concentration of DNA an

Figures 7.12 (a-d). The absorption spectra of all the complexes show bands in 

the region 270 nm -350 nm and are assigned to ligand to metal

(LMCT) transitions. When the amount of DNA is increased, the intensity of 

the charge transfer band is also changed, due to either hypochromism or 

hyperchromism. The complexes CoAD, NiAD, CuAD and ZnAD shows 

hypochromism with very slight re

characteristic of intercalation which is attributed to the interaction between 

the aromatic chromophore ligand of metal complex and the base pairs of 

DNA (Ramanet al. 2011e

complexes intercalated into the base pairs of DNA,its 

with the π orbital of DNA base pairs to give rise to the decrease i

transition energies. As a result the 

ligand was shifted to the longer wave

The complexes CoAC, NiAC, and ZnAC show hypochromism

slight red shift in the presence of DNA characteristic of intercalation which is 

attributed to the interaction between the aromatic chromophore ligand of 

metal complex and the base pairs of DNA. When the ligand of isatin based 

metal (II) complexes intercalated into the base pairs of DNA, its 

was coupled with the π orbital of DNA base pairs to give rise to the decrease 

* transition energies. As a result the λmax of the intra ligand transition 

s shifted to the longer wavelength (red shift).And the complex 

CuAC shows hypochromism without any shift.  

Absorption Spectral Studies of CoAD, NiAD, CuAD and ZnAD

The electronic absorption titration of CoAD, NiAD, CuAD and 

has been carried out at a fixed concentration of the complex in DMSO 

C, varying the concentration of DNA and are illustrated in 

d). The absorption spectra of all the complexes show bands in 

350 nm and are assigned to ligand to metal 

(LMCT) transitions. When the amount of DNA is increased, the intensity of 

the charge transfer band is also changed, due to either hypochromism or 

hyperchromism. The complexes CoAD, NiAD, CuAD and ZnAD shows 

hypochromism with very slight red shift in the presence of DNA 

characteristic of intercalation which is attributed to the interaction between 

the aromatic chromophore ligand of metal complex and the base pairs of 

2011e). When the ligand of isatin based metal (II) 

alated into the base pairs of DNA,its π* orbital was coupled 

 orbital of DNA base pairs to give rise to the decrease i

As a result the λmax of the intra ligand transition of the 

ligand was shifted to the longer wavelength (red shift). 
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ZnAC show hypochromism with 

slight red shift in the presence of DNA characteristic of intercalation which is 

attributed to the interaction between the aromatic chromophore ligand of 

metal complex and the base pairs of DNA. When the ligand of isatin based 

metal (II) complexes intercalated into the base pairs of DNA, its π* orbital 

 orbital of DNA base pairs to give rise to the decrease 

of the intra ligand transition 

s shifted to the longer wavelength (red shift).And the complex 

CoAD, NiAD, CuAD and ZnAD 

CoAD, NiAD, CuAD and 

at a fixed concentration of the complex in DMSO 

d are illustrated in  

d). The absorption spectra of all the complexes show bands in 

 charge transfer 

(LMCT) transitions. When the amount of DNA is increased, the intensity of 

the charge transfer band is also changed, due to either hypochromism or 

hyperchromism. The complexes CoAD, NiAD, CuAD and ZnAD shows 

d shift in the presence of DNA 

characteristic of intercalation which is attributed to the interaction between 

the aromatic chromophore ligand of metal complex and the base pairs of 

. When the ligand of isatin based metal (II) 

* orbital was coupled 

 orbital of DNA base pairs to give rise to the decrease in the π-π* 

of the intra ligand transition of the 



 

Figure 7.12 Absorption spectra of (a) CoAD (b) NiAD (c) CuAD 
(d) ZnAD in presence of DNA

7.3  ANTIMICROBIAL STUDIES 

 Schiff base complexes show biological activities such as 

antibacterial and antifungal

the mortality rate allied with infectious diseases in the human race is directly 

related to bacteria that exhibit multiple resistances to antibiotics. It is noted 

that one of the major rationalization for the 

deficiency of effective treatments 

Hence in this regard, the progressive development of new antibacterial agents 

with novel and more efficien

medical need (da Silva 

promising antibacterial agents. 

Absorption spectra of (a) CoAD (b) NiAD (c) CuAD 
(d) ZnAD in presence of DNA 

ANTIMICROBIAL STUDIES  

Schiff base complexes show biological activities such as 

antibacterial and antifungal (Singh et al. 2012a). The huge augmentation in 

the mortality rate allied with infectious diseases in the human race is directly 

related to bacteria that exhibit multiple resistances to antibiotics. It is noted 

that one of the major rationalization for the soaring transience is due to the 

deficiency of effective treatments (Baquero 1997, Alekshun 

Hence in this regard, the progressive development of new antibacterial agents 

with novel and more efficient mechanisms of action is undeniably an urgent 

da Silva et al. 2011). Schiff bases have been pointing to us as 

promising antibacterial agents.  
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Absorption spectra of (a) CoAD (b) NiAD (c) CuAD  

Schiff base complexes show biological activities such as 

The huge augmentation in 

the mortality rate allied with infectious diseases in the human race is directly 

related to bacteria that exhibit multiple resistances to antibiotics. It is noted 

soaring transience is due to the 

Alekshun &Levy 2007). 

Hence in this regard, the progressive development of new antibacterial agents 

t mechanisms of action is undeniably an urgent 

Schiff bases have been pointing to us as 



 

 Fungal infections have not been usually restricted to the superficial 

tissues; indeed, a significant amplification in life threatening systemic fungal 

infections have also been reported 

reason has led to an increasing number of patients at risk, including those with 

higher age, major surgery, immunosuppressive therapy, acquired immune 

deficiency syndrome (AIDS), cancer treatment, and solid

hematopoietic stem cell transplantation 

development of more effective antifungal agents are mandatory 

2009) and some Schiff bases are known to be as promising antifungal agents.

 Transition metal Schiff base complexes containing isatin 

derivatives possess interesting biological properties such as antibacterial 

activity and antifungal activity

this chapter. 

7.3.1  Antibacterial 

 A comparative study of the growth inhibition zone values of AB, 

AC and AD and their complexes are shown in Table 

Figures 7.13 to 7.18 show

higher antibacterial activity than the free ligand and this is due to the greater 

lipophilic nature of the complexes. The antibacterial activity of the complexes 

depends upon the following components.

• The chelating ability of th

• The nature of nitrogen donor ligand

• The total charge of the complex

• The existence and nature of the metal ion 

Fungal infections have not been usually restricted to the superficial 

ues; indeed, a significant amplification in life threatening systemic fungal 

infections have also been reported (Sundriyal et al. 2006). This primary 

reason has led to an increasing number of patients at risk, including those with 

higher age, major surgery, immunosuppressive therapy, acquired immune 

deficiency syndrome (AIDS), cancer treatment, and solid

oietic stem cell transplantation (Nucci & Marr 2005). The search and 

development of more effective antifungal agents are mandatory 

and some Schiff bases are known to be as promising antifungal agents.

Transition metal Schiff base complexes containing isatin 

derivatives possess interesting biological properties such as antibacterial 

ctivity and antifungal activity. The results of these studies are presented in 

Antibacterial Studies 

A comparative study of the growth inhibition zone values of AB, 

AC and AD and their complexes are shown in Table 

show that the metal complexes (particularly zinc) exhibit 

higher antibacterial activity than the free ligand and this is due to the greater 

lipophilic nature of the complexes. The antibacterial activity of the complexes 

depends upon the following components. 

The chelating ability of the ligand 

The nature of nitrogen donor ligand 

The total charge of the complex 

The existence and nature of the metal ion  
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Fungal infections have not been usually restricted to the superficial 

ues; indeed, a significant amplification in life threatening systemic fungal 

. This primary 

reason has led to an increasing number of patients at risk, including those with 

higher age, major surgery, immunosuppressive therapy, acquired immune 

deficiency syndrome (AIDS), cancer treatment, and solid-organ and 

. The search and 

development of more effective antifungal agents are mandatory (Martins et al. 

and some Schiff bases are known to be as promising antifungal agents. 

Transition metal Schiff base complexes containing isatin 

derivatives possess interesting biological properties such as antibacterial 

s of these studies are presented in 

A comparative study of the growth inhibition zone values of AB, 

AC and AD and their complexes are shown in Table 7.4 to7.6.  

(particularly zinc) exhibit 

higher antibacterial activity than the free ligand and this is due to the greater 

lipophilic nature of the complexes. The antibacterial activity of the complexes 



 

 The enhancement in the activity can be due to the azomethine 

linkage (C=N) in their structure. It has been suggested that the enzyme 

production might be reduced with nitrogen and oxygen donor systems, 

because they are more susceptible to deactivation by the metal ions upon 

chelation. The polarity of the metal ion is reduced by chelation and it is due to 

the partial sharing of its positive

delocalised π electrons within the whole chelation ring which is formed 

because of the coordination.  

Table 7.4  Antibacterial activity of Schiff base AB 
complexes by disc diffusion method (Zone formation in mm)

Synthesised Complexes

Control 

AB 

CoAB 

NiAB 

CuAB 

ZnAB 
 

Figure 7.13 Antibacterial activity of AB and its complexes CoAB, NiAB, 
CuAB and

The enhancement in the activity can be due to the azomethine 

linkage (C=N) in their structure. It has been suggested that the enzyme 

oduction might be reduced with nitrogen and oxygen donor systems, 

because they are more susceptible to deactivation by the metal ions upon 

chelation. The polarity of the metal ion is reduced by chelation and it is due to 

the partial sharing of its positive charge with the donor groups and the 

 electrons within the whole chelation ring which is formed 

because of the coordination.   

Antibacterial activity of Schiff base AB and
complexes by disc diffusion method (Zone formation in mm)

Synthesised Complexes Pseudomonas(mm) Staphylococcus(mm)

8 

9 

9 

6 

8 

10 

Antibacterial activity of AB and its complexes CoAB, NiAB, 
and ZnAB (pseudomonas) 
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The enhancement in the activity can be due to the azomethine 

linkage (C=N) in their structure. It has been suggested that the enzyme 

oduction might be reduced with nitrogen and oxygen donor systems, 

because they are more susceptible to deactivation by the metal ions upon 

chelation. The polarity of the metal ion is reduced by chelation and it is due to 

e donor groups and the 

 electrons within the whole chelation ring which is formed 

and its metal 
complexes by disc diffusion method (Zone formation in mm) 

Staphylococcus(mm) 

8 

6 

8 

9 

7 

9 

 

Antibacterial activity of AB and its complexes CoAB, NiAB, 



 

Figure 7.14 Antibacterial activity of AB and its complexes CoAB, NiAB,
CuAB and

 

Table 7.5 Antibacterial activity of Schiff base AC 
by disc diffusion method (Zone formation in mm)

Synthesised Complexes

Control 

AC 

CoAC 

NiAC 

CuAC 

ZnAC 

 

Antibacterial activity of AB and its complexes CoAB, NiAB,
and ZnAB (Staphylococcus) 

Antibacterial activity of Schiff base AC and its metal complexes 
by disc diffusion method (Zone formation in mm) 

Synthesised Complexes Pseudomonas (mm) Staphylococcus (mm)

7 

8 

9 

8 

9 

10 
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Antibacterial activity of AB and its complexes CoAB, NiAB, 

its metal complexes 
 

Staphylococcus (mm) 

8 

7 

8 

6 

9 

9 



 

Figure 7.15 Antibacterial activity of AC and its complexes CoAC, NiAC, 
CuAC and

 

Figure 7.16 Antibacterial activity of AC and its complexes CoAC, NiAC, 
CuAC and

 

 

Antibacterial activity of AC and its complexes CoAC, NiAC, 
and ZnAC (pseudomonas) 

Antibacterial activity of AC and its complexes CoAC, NiAC, 
and ZnAC (Staphylococcus) 
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Antibacterial activity of AC and its complexes CoAC, NiAC, 

 

Antibacterial activity of AC and its complexes CoAC, NiAC, 



 

Table 7.6 Antibacterial a
by disc diffusion method (Zone formation in mm)

Synthesised Complexes

Control 

AD 

CoAD 

NiAD  

CuAD 

ZnAD 

 

 

Figure 7.17 Antibacterial activi
CuAD and

 

Antibacterial activity of Schiff base AD & its metal complexes 
by disc diffusion method (Zone formation in mm) 

Synthesised Complexes Pseudomonas (mm) Staphylo coccus (mm)

9 10

9 9

10 8

9 9

8 7

9 9

Antibacterial activi ty of AD and its complexes CoAD, NiAD, 
and ZnAD (pseudomonas) 
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Staphylo coccus (mm) 

10 

9 

8 

9 

7 

9 

 

ty of AD and its complexes CoAD, NiAD, 



 

Figure 7.18 Antibacterial activity of AD and its complexes CoAD, NiAD, 
CuAD and

7.3.2  Antifungal 

 A comparative study of the growth inhibition zone values 

AC and AD and their complexes are 

7.21 denote that the metal complexes (particularly 

CoAD and ZnAD) exhibit higher antifungal activity and this is due to the 

greater lipophilic nature of the co

Table 7.7 Antifungal activity of Schiff base AB, AC, AD 
complexes by disc diffusion method (Zone formation in mm)

Synthesised 
Complexes 

Aspergillus 
(mm)

Control 9 

AB 8 

CoAB 6 

NiAB 9 

CuAB 7 

ZnAB 9 

Antibacterial activity of AD and its complexes CoAD, NiAD, 
and ZnAD (Staphylococcus) 

Antifungal Studies 

A comparative study of the growth inhibition zone values 

AC and AD and their complexes are exposed in Table 7.7. Figures 7.

that the metal complexes (particularly NiAB, ZnAB

nAD) exhibit higher antifungal activity and this is due to the 

greater lipophilic nature of the complexes. 

Antifungal activity of Schiff base AB, AC, AD and
complexes by disc diffusion method (Zone formation in mm)

Aspergillus 
(mm) 

Synthesised 
Complexes 

Aspergillus 
(mm) 

Synthesised 
Complexes

 Control 8 Control

 AC 6 AD 

 CoAC 9 CoAD 

 NiAC 7 NiAD 

 CuAC 7 CuAD 

 ZnAC 8 ZnAD 
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Antibacterial activity of AD and its complexes CoAD, NiAD, 

A comparative study of the growth inhibition zone values of AB, 

Figures 7.19 to 

NiAB, ZnAB, CoAC, 

nAD) exhibit higher antifungal activity and this is due to the 

and their metal 
complexes by disc diffusion method (Zone formation in mm) 

Synthesised 
Complexes 

Aspergillus 
(mm) 

Control 9 

6 

 9 

 8 

 7 

 9 



 

Figure 7.19 Antifungal activity of AB and its complexes CoAB, NiAB, 
CuAB and

 

Figure 7.20 Antifungal activity o
CuAC and

Antifungal activity of AB and its complexes CoAB, NiAB, 
and ZnAB 

Antifungal activity o f AC and its complexes CoAC, NiAC, 
and ZnAC 
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Antifungal activity of AB and its complexes CoAB, NiAB, 

 

f AC and its complexes CoAC, NiAC, 



 

Figure 7.21 Antifungal activity of AD and its complexes CoAD, NiAD, 
CuAD and

 

Antifungal activity of AD and its complexes CoAD, NiAD, 
and ZnAD 

 

210 

 

 

Antifungal activity of AD and its complexes CoAD, NiAD, 



 

SUMMARY AND CONCLUSION

8.1  SUMMARY

 The thesis pave the pathway for the synthesis of heterocyclic 

compound derived Schiff base ligands and their Co(II),Ni (II),Cu (II) and 

Zn(II) complexes. The physico chemical techniques like elemental analysis, 

magnetic susceptibility study, molar conductance measurement, spectral 

techniques (FT-IR, UV

cyclic voltammetric studies and thermal studies), Corrosion studies,  DNA 

binding studies and antimicrobial studies were carried out. 

 The following Schiff base ligands and their Co(II),Ni (II),Cu (II) 

and Zn(II) complexes were s

1) Scheme for Isatin

M = Co(II),Ni (II),Cu (II) and Zn(II)

 

CHAPTER 8 

SUMMARY AND CONCLUSION  

 

SUMMARY  

The thesis pave the pathway for the synthesis of heterocyclic 

erived Schiff base ligands and their Co(II),Ni (II),Cu (II) and 

Zn(II) complexes. The physico chemical techniques like elemental analysis, 

magnetic susceptibility study, molar conductance measurement, spectral 

IR, UV-Vis, 13C NMR, ESR, XRD studies, emission studies, 

cyclic voltammetric studies and thermal studies), Corrosion studies,  DNA 

binding studies and antimicrobial studies were carried out.  

The following Schiff base ligands and their Co(II),Ni (II),Cu (II) 

and Zn(II) complexes were synthesised. 

Scheme for Isatin-Aspartic acid system (AB) 

N
H

N

HO

O

M

CO

M = Co(II),Ni (II),Cu (II) and Zn(II)  
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The thesis pave the pathway for the synthesis of heterocyclic 

erived Schiff base ligands and their Co(II),Ni (II),Cu (II) and 

Zn(II) complexes. The physico chemical techniques like elemental analysis, 

magnetic susceptibility study, molar conductance measurement, spectral 

tudies, emission studies, 

cyclic voltammetric studies and thermal studies), Corrosion studies,  DNA 

The following Schiff base ligands and their Co(II),Ni (II),Cu (II) 

O

O

Cl
 



 

2) Scheme for Isatin

M = Co(II),Ni (II),Cu (II) and Zn(II)

3) Scheme for Isatin

M = Co(II),Ni (II),Cu (II) and Zn(II)

 The structures of synthesised Schiff base ligands and 

Co(II),Ni (II),Cu (II) and Zn

spectral techniques. 

1. Elemental Analysis

 All the synthesis

stable in air and soluble in solvent like DMSO. The experimentally ob

elemental analytical data agree the theoretically calculated values. 

Scheme for Isatin-Methionine system (AC)                                                                                       

N
H

O

N
O

S

M

Cl

M = Co(II),Ni (II),Cu (II) and Zn(II)  

Scheme for Isatin-Thiosemicarbazide system (AD)

M = Co(II),Ni (II),Cu (II) and Zn(II)  

The structures of synthesised Schiff base ligands and 

Co(II),Ni (II),Cu (II) and Zn(II) complexes  were characteris

Elemental Analysis 

All the synthesised Schiff base ligands and their complexes were 

stable in air and soluble in solvent like DMSO. The experimentally ob

elemental analytical data agree the theoretically calculated values. 
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Methionine system (AC)                                                                                       

O

O

 

Thiosemicarbazide system (AD) 

 

The structures of synthesised Schiff base ligands and their 

(II) complexes  were characterised by various 

ed Schiff base ligands and their complexes were 

stable in air and soluble in solvent like DMSO. The experimentally obtained 

elemental analytical data agree the theoretically calculated values.  



 

2. 13C NMR Spectral analysis

 The 13C NMR spectral analysis results are consistent with the 

proposed structure of the synthesised Schiff base ligands.

3. FT-IR Spectral analysis

 The FT-IR spectral analysis results are consistent with the proposed 

structure of the synthesised ligands. The 

asymmetric stretching vibrations of ligands have been shifted to lower 

frequencies in the complexes, demonstrating the coor

nitrogen and carboxylato oxygen to the metal ions which is further confirmed 

by the appearance of  

4. Electronic Spectral analysis

 The complexes Co (II), Ni(II), and Cu(II) complexes show one d

band above 400 nm confirms the square planar geometry. The Zn(II) complex 

does not show any absorption band above 400 nm confirms the tetrahedral 

geometry.  

5. Molar conductance

 The molar conductance values of all the synthesi

complexes were found in the range of 11 

they are electrically neutral.

6. Magnetic moment studies

 The magnetic moment values of the synthesised Schiff base Co(II) 

and Cu(II) complexes fall in the range of 1.45 

Schiff base Ni(II) and Zn(II) complexes were diamagnetic in nature.

NMR Spectral analysis 

NMR spectral analysis results are consistent with the 

proposed structure of the synthesised Schiff base ligands. 

IR Spectral analysis 

IR spectral analysis results are consistent with the proposed 

structure of the synthesised ligands. The –C=N and COO- symmetric and 

asymmetric stretching vibrations of ligands have been shifted to lower 

frequencies in the complexes, demonstrating the coordination of imino 

nitrogen and carboxylato oxygen to the metal ions which is further confirmed 

M-Cl, M-N and M-O bands in the complexes.

Electronic Spectral analysis 

The complexes Co (II), Ni(II), and Cu(II) complexes show one d

nd above 400 nm confirms the square planar geometry. The Zn(II) complex 

does not show any absorption band above 400 nm confirms the tetrahedral 

Molar conductance 

The molar conductance values of all the synthesis

nd in the range of 11 - 26 Smol-1cm2   which reveals that 

they are electrically neutral. 

Magnetic moment studies 

The magnetic moment values of the synthesised Schiff base Co(II) 

and Cu(II) complexes fall in the range of 1.45 – 2.7 BM. The synthesised 

ff base Ni(II) and Zn(II) complexes were diamagnetic in nature.
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IR spectral analysis results are consistent with the proposed 

symmetric and 

asymmetric stretching vibrations of ligands have been shifted to lower 

dination of imino 

nitrogen and carboxylato oxygen to the metal ions which is further confirmed 

O bands in the complexes. 

The complexes Co (II), Ni(II), and Cu(II) complexes show one d-d 

nd above 400 nm confirms the square planar geometry. The Zn(II) complex 

does not show any absorption band above 400 nm confirms the tetrahedral 

sed Schiff base 

which reveals that 

The magnetic moment values of the synthesised Schiff base Co(II) 

2.7 BM. The synthesised 

ff base Ni(II) and Zn(II) complexes were diamagnetic in nature. 



 

7. Thermal Studies

 The TG-DTG curves of all the synthesised Schiff base ligands and 

complexes reveals that they are thermally stable.

8. Emission spectral studies 

 The emission spectra of all the 

complexes explain their fluorescent nature.

9. Electrochemical Studies

 The cyclic voltammogram of all the synthesised Schiff base 

complexes reveal their metal centered electroactivity in the potential range.  

10. Powder XRD analysis

 The powder XRD analysis of the synthesised ligands AB and AC 

reveals their amorphous nature and the ligand AD and all the Cu(II) 

complexes reveals their nanocrystalline nature.

11. ESR Spectroscopy

 ESR Spectra of all the synthesised Cu(II)  complexes indicat

the unpaired electron  is localized in the dx

characteristic of the square planar geometry.

12. Corrosion studies

 The results indicate that the inhibition efficiency increases with the 

concentration of the inhibitor. It 

increases. The maximum efficiency of 68.88 % was observed for 1 mmol 

concentration of AB and AC and 71.1 % for 1 mmol of AD.

Thermal Studies 

DTG curves of all the synthesised Schiff base ligands and 

complexes reveals that they are thermally stable. 

Emission spectral studies  

The emission spectra of all the synthesised ligands and the 

complexes explain their fluorescent nature. 

Electrochemical Studies 

The cyclic voltammogram of all the synthesised Schiff base 

complexes reveal their metal centered electroactivity in the potential range.  

Powder XRD analysis 

The powder XRD analysis of the synthesised ligands AB and AC 

reveals their amorphous nature and the ligand AD and all the Cu(II) 

complexes reveals their nanocrystalline nature. 

ESR Spectroscopy 

ESR Spectra of all the synthesised Cu(II)  complexes indicat

the unpaired electron  is localized in the dx2-y2 of the Cu(II)  ion and  is 

characteristic of the square planar geometry. 

Corrosion studies 

The results indicate that the inhibition efficiency increases with the 

concentration of the inhibitor. It increases steadily as the concentration 

increases. The maximum efficiency of 68.88 % was observed for 1 mmol 

concentration of AB and AC and 71.1 % for 1 mmol of AD. 

214 

 

DTG curves of all the synthesised Schiff base ligands and 

synthesised ligands and the 

The cyclic voltammogram of all the synthesised Schiff base 

complexes reveal their metal centered electroactivity in the potential range.   

The powder XRD analysis of the synthesised ligands AB and AC 

reveals their amorphous nature and the ligand AD and all the Cu(II) 

ESR Spectra of all the synthesised Cu(II)  complexes indicates that 

of the Cu(II)  ion and  is 

The results indicate that the inhibition efficiency increases with the 

increases steadily as the concentration 

increases. The maximum efficiency of 68.88 % was observed for 1 mmol 



 

13. DNA binding studies

 All the synthesised complexes show hypochromism with slight red 

shift in the presence of DNA.

14. Antimicrobial studies

 All the synthesised ligands and complexes are biologically active 

against microorganisms.

8.2 CONCLUSION

 In this study we have successfully synthesised three Schiff base 

ligands AB, AC and AD. From the above 

twelve complexes were derived. They are CoAB, NiAB, CuAB, ZnAB, 

CoAC, NiAC, CuAC, ZnAC, CoAD, NiAD, CuAD and ZnAD. 

 The formation of the Schiff base ligands and the complexes has 

been confirmed and proved by physic

analysis, magnetic susceptibility study, molar conductance measurement, 

spectral techniques (FT

studies, cyclic voltammetric studies and thermal studies). All the above 

studies have supported the formation of Schiff base ligands and their 

complexes.  

 Molar conductance studies reveal that the complexes are 

electrically neutral. The 

ligands. The FT-IR spectra infer the presence of the c

imine group (C=N) of the synthesised Schiff base ligands. The coordination 

of the derived Schiff base ligands with the metal ions have been confirmed by 

FT-IR spectroscopy by observing the downward shifts in the characteristic 

peaks of C=N and C=O groups of Schiff base ligands. 

DNA binding studies 

All the synthesised complexes show hypochromism with slight red 

in the presence of DNA. 

Antimicrobial studies 

All the synthesised ligands and complexes are biologically active 

against microorganisms. 

CONCLUSION 

In this study we have successfully synthesised three Schiff base 

ligands AB, AC and AD. From the above mentioned three Schiff base ligands 

twelve complexes were derived. They are CoAB, NiAB, CuAB, ZnAB, 

CoAC, NiAC, CuAC, ZnAC, CoAD, NiAD, CuAD and ZnAD. 

The formation of the Schiff base ligands and the complexes has 

been confirmed and proved by physic-chemical techniques like elemental 

analysis, magnetic susceptibility study, molar conductance measurement, 

spectral techniques (FT-IR, UV-Vis, 13C NMR, ESR, XRD studies, emission 

studies, cyclic voltammetric studies and thermal studies). All the above 

have supported the formation of Schiff base ligands and their 

Molar conductance studies reveal that the complexes are 

electrically neutral. The 13C NMR spectra support the formation of the 

IR spectra infer the presence of the characteristic peak of 

imine group (C=N) of the synthesised Schiff base ligands. The coordination 

of the derived Schiff base ligands with the metal ions have been confirmed by 

IR spectroscopy by observing the downward shifts in the characteristic 

f C=N and C=O groups of Schiff base ligands.  
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All the synthesised complexes show hypochromism with slight red 

All the synthesised ligands and complexes are biologically active 

In this study we have successfully synthesised three Schiff base 

mentioned three Schiff base ligands 

twelve complexes were derived. They are CoAB, NiAB, CuAB, ZnAB, 

CoAC, NiAC, CuAC, ZnAC, CoAD, NiAD, CuAD and ZnAD.  

The formation of the Schiff base ligands and the complexes has 

ical techniques like elemental 

analysis, magnetic susceptibility study, molar conductance measurement, 

NMR, ESR, XRD studies, emission 

studies, cyclic voltammetric studies and thermal studies). All the above 

have supported the formation of Schiff base ligands and their 

Molar conductance studies reveal that the complexes are 

NMR spectra support the formation of the 

haracteristic peak of 

imine group (C=N) of the synthesised Schiff base ligands. The coordination 

of the derived Schiff base ligands with the metal ions have been confirmed by 

IR spectroscopy by observing the downward shifts in the characteristic 



 

 Data obtained from the UV

studies evidenced square planar geometry for Co(II),Ni(II) and Cu(II) 

complexes and tetrahedral geometry for Zn(II) complex. 

 Powder XRD has revealed 

nanocrystalline in nature compared to the ligands, in addition supports the 

formation of the complexes. 

 Thermal studies reveal that the ligands and their complexes were 

thermally stable. The ESR spectra support the squ

copper (II) complex.  

 The emission studies of the ligands and the complexes reveal their 

fluorescent nature.  

 The Cyclic Voltammetry studies of the complexes suggest metal 

centered electrochemical activity in the potential range. 

 The corrosion results indicate that the inhibition efficiency 

increases with the concentration of the inhibitor. 

 The antimicrobial studies of the Schiff bases AB, AC and AD and 

their complexes shows that they are biologically active and showed good 

antimicrobial activity. 

 The DNA binding studies reveals that all the complexes show 

hypochromism with a slight red shift in the presence of DNA.

Data obtained from the UV-Vis spectra and magnetic moment 

studies evidenced square planar geometry for Co(II),Ni(II) and Cu(II) 

complexes and tetrahedral geometry for Zn(II) complex.  

Powder XRD has revealed that the synthesised complexes were 

nanocrystalline in nature compared to the ligands, in addition supports the 

formation of the complexes.  

Thermal studies reveal that the ligands and their complexes were 

thermally stable. The ESR spectra support the square planar geometry for 

 

The emission studies of the ligands and the complexes reveal their 

The Cyclic Voltammetry studies of the complexes suggest metal 

centered electrochemical activity in the potential range.  

The corrosion results indicate that the inhibition efficiency 

increases with the concentration of the inhibitor.  

The antimicrobial studies of the Schiff bases AB, AC and AD and 

their complexes shows that they are biologically active and showed good 

imicrobial activity.  

The DNA binding studies reveals that all the complexes show 

hypochromism with a slight red shift in the presence of DNA. 
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Vis spectra and magnetic moment 

studies evidenced square planar geometry for Co(II),Ni(II) and Cu(II) 

that the synthesised complexes were 

nanocrystalline in nature compared to the ligands, in addition supports the 

Thermal studies reveal that the ligands and their complexes were 

are planar geometry for 

The emission studies of the ligands and the complexes reveal their 

The Cyclic Voltammetry studies of the complexes suggest metal 

The corrosion results indicate that the inhibition efficiency 

The antimicrobial studies of the Schiff bases AB, AC and AD and 

their complexes shows that they are biologically active and showed good 

The DNA binding studies reveals that all the complexes show 
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