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SYNOPSIS

Summary of the work incorporated in the thesis with the title “SYNTHESIS AND
BIOLOGICAL EVALUATION OF METAL CHELATES” has been described as
under.

The present work divided into four chapters.

CHAPTER-1: Synthesis and characterization of ligand.
CHAPTER-2: Synthesis and characterization of metal chelates.
CHAPTER-3: Synthesis and characterization of mixed ligand metal

complexes.
CHAPTER-4: Biological evaluation of ligands and metal chelates.
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CHAPTER-1

SYNTHESIS AND CHARECTERIZATION OF LIGAND

Preparation of Schiff base ligand in two parts
Part-1: 4,6 Diacetyl resorcinol + p-substituted anilines
Part-2:  4,6 Diacetyl resorcinol + 2,4 di-substituted anilines

Compounds containing an azomethine group are known as imines (Schiff
bases). Schiff base ligands are considered privileged ligands because they are
easily prepared by the condensation between aldehydes/ketons and imines.
Stereogenic centres or other elements of chirality (planes, axes) can be introduced
in the synthetic design. Schiff base ligands are able to coordinate many different
metals, and to stabilize them in various oxidation states, enabling the use of Schiff
base metal complexes for a large variety of useful catalytic transformations. Schiff
described the condensation between an aldehyde/ketone and an amine leading
to a Schiff base in 1864. Schiff base ligands are able to coordinate metals through
imine nitrogen and another group, usually linked to the aldehyde or ketone. Mod-
ern chemists still prepare Schiff bases, and nowadays active and well-designed
Schiff base ligands are considered privileged ligands. In fact, Schiff bases are
able to stabilize many different metals in various oxidation states, controlling the
performance of metals in a large variety of useful catalytic transformations. Schiff
bases are also able to transmit chiral information to produce non-racemic prod-
ucts through a catalytic process; chiral aldehydes or chiral amines can be used.
From a practical point of view, the aspects involved in the preparation of Schiff
base metal complexes are spread out in the literature.

The ligand characterized by IR, 1H NMR and MASS Spectra.

OHHO

CC NN

CH3 CH3

R R

R = -F, -Cl, -Br, -I, -CH3, -OCH3

OHHO

CC NN

CH3 CH3

R' R'

R = -Cl, -F, CH3, -OCH3
R' = -Cl, -F, CH3, -NO2

RR
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CHAPTER-2

SYNTHESIS AND CHARECTERIZATION OF METAL CHELATES

Numerous Schiff bases and their transition metal complexes have been inves-
tigated by various techniques for different purposes. Schiff-base metal complexes
have been widely studied because they have industrial, antifungal and biological
applications. They serve as models for biologically important species and find
applications in biomimetic catalytic reactions. Chelating ligands containing O and
N donor atoms show broad biological activity and are of special interest because
of the variety of ways in which they are bonded to metal ions. Transition metals play
a key role in biological systems such as cell division, respiration, nitrogen fixation
and photosynthesis. Also Schiff bases and their complexes in aqueous solutions
have been studied because of their interesting and important properties.

OHO

CC NN
CH3 CH3

R R

OHO

CC NN
CH3 CH3

R R

M

H2O

H2O

R =-F,- Cl, -Br, -I, -CH3, -OCH3
M = Co, Ni, Cu

OHO

CC NN
CH3 CH3

R' R'

OHO

CC NN
CH3 CH3

R' R'

M

H2O

H2O

R =-Cl, -F, -CH3, -OCH3, R =-Cl, -F, -CH3, -NO2 
M = Co(II), Ni(II), Cu(II)

R RR R
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CHAPTER-3

SYNTHESIS AND CHARACTERIZATION OF MIXED LIGAND

METAL COMPLEXES

Transition metal Schiff-base complexes are important stereochemical models
in coordination chemistry due to their preparative accessibility and structural di-
versity. A comprehensive review on cyclic and acyclic Schiff-bases and related
derivatives appeared recently, particularly dealing with the development of syn-
thetic procedures for the preparation of mono-, di- and polynuclear Schiff-base
complexes and their reduced analogues. Some Schiff-base complexes show cata-
lytic properties, or act as oxygen carriers and antifungal agents increased by the
presence of hydroxyl groups in the ligands.

OO

CC NN
CH3 CH3

R R

M

H2O

H2O

M

H2O

H2O

O

N

O

N

L' L'

R = -F, -Br, -CH3, -OCH3
M = Co, Ni, Cu
L' = 8-HQ

OO

CC NN
CH3 CH3

R R

M

H2O

H2O

M

H2O

H2O

N

N

N

N

L' L'

R = -F, -Br, -CH3, -OCH3
M = Co, Ni, Cu
L' = 1,10-PHEN
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INTRODUCTION

Coordination chemistry has an old history originating in the discovery of
[Co(NH3)6]Cl3 by Tassaert in 1798[1]. But it was Werner who systematized the sub-
ject by propounding his coordination theory in 1893[2]. Werner’s basic ideas on
the stereochemistry of metal complexes, mechanisms of isomerization and race-
mization, etc. remain unchallenged even today despite all the monumental devel-
opments which have taken places since his days and during the last five decades
in particular, owing to the advent of sophisticated physico-chemical techniques of
high precision and capability[3,4]. These have considerably enriched our under-
standing of the nature of the metal-ligand bond, structure and stereochemistry of
metal complexes, their stabilities and liabilities and other properties. Even metal
which were earlier thought to be non-complex formers are now known to form quite
stable complexes with special types of ligands, such as the alkali metal complexes
formed by crown ethers and cryptates[5-8].

According to Werner[9] atoms possess two types of valency called primary or
principal valency and secondary or residual or auxiliary valency. While ordinary
molecules results from the satisfaction of primary valencies, utilization of the sec-
ondary valencies leads to the formation of coordination compounds[10]. The
bidentate and other higher polydentate ligands form closed rings on binding to a
metal ion and hence, were called chelating ligands by Morgan (chelate in Greek
means crab’s claw) and the closed ring formed was called a chelate ring[3,11].

Unambiguous evidence regarding the geometrical arrangement of the coordi-
nated units around the cation, as required by his theory, was furnished by Werner
through the preparation of quite a large number of geometrical isomers of six-
coordinate (octahedral), and four co-ordinate (Planer) complexes, and by the reso-
lution of several octahedral complexes into their optical enantiomers. Compounds
of the types MA4B2 (octahedral) and MA2B2 (square planer) occur in two isomeric
(geometrical) forms which are designated as cis and trans respectively, depend-
ing upon whether the two ligands B occur in adjacent or diagonally opposite coor-
dination positions around the central metal atom (ion)[12-14].

A survey of the literature shows that besides investigating problems of elec-
tronic structure, bonding and stereochemistry of metal complexes and stabilities
of metal complexes, during the last 50 years, an increasing number of studies
have been devoted to the dynamics and mechanisms of reaction of metal com-
plexes[15-20]. The classical application of complex formation in analysis and other
laboratory practices have been refined and sophisticated to such a degree that it
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is now possible to monitor concentration of species at unbelievably low level, viz.
in the range of a fraction of a microgram per milliliter of solution based on several
physico-chemical characteristics, such as color, catalytic activity, etc. indeed, many
such techniques are now extremely valuable in monitoring hazardous metal which
are serious environmental pollutants[21].

According to the modern concept, even the organometallic compounds belong
to the general class of coordination compounds, and a host of such compounds of
a large majority of metal have been synthesized with wide variety of organic sub-
strates. Apart from their academic importance, these are of great technological
significance because of their useful catalytic properties[22,23]. Of course, the ap-
plication of metal complexes too have an old history, and many complex formation
reactions are in use since early days for the detection, separation and estimation
of metals both in macro and micro scales. Some more recent and somewhat excit-
ing application of metal complexes may be observed in the photolytic splitting of
water producing hydrogen. This process has immense potential for generating a
nonpolluting fuel which may be ultimate solution to save the world from a severe
crisis in the future due to non-availability of fossil fuels. Another important develop-
ment is the recognition of the vital role of metal complexes in biological sys-
tems[24,25]. A knowledge of the factor that govern the stabilities and reactivity of
metal complexes can be of immense help in understanding the behavior of metal
complexes both in biological systems and their applications in the laboratory and
in technology. It is the knowledge of the nature of the metal-ligand bond which pro-
vides a fundamental basis for understanding the behavior of metal complexes.
Another important use of metal complexes and of complex formers is in the field of
therapy. The use of gold complexes in the treatment of tuberculosis dates back to
1917 and many complexes of gold are known to be useful in the treatment of arthri-
tis since 1927[26]. However several significant developments have taken place
during the last 30 years or so in the field of application of metal complexes in
biology and medicine[27-29]. Many of the complexes and complex formers are
known to be used as drugs in certain types of diseases as also for metal detoxifi-
cation in the case of metal poisoning[30,31].

Studies on co-ordination compounds have become so very wide that it is not
possible to describe this in few pages. Co-ordination compounds where the cen-
tral metal ion is bounded to different Ligands exhibit different characteristics prop-
erties. The characteristics of such compounds are based on nature of metal as
well as the type of ligands and their structures. Metal complexes containing or-
ganic molecule in the physiological systems play crucial role to the existence growth,
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maintenance and formation of entire living being and therefore the recent research
activity phosphorus, nitrogen, oxygen and sulphur containing organic molecules
are very essential components of physiological system and therefore complex-
ation studies of organic compounds containing these atoms received particular
attention by coordination chemists[32-34].

During the past two decades, considerable attention has been paid to the
chemistry of the metal complexes of Schiff bases containing nitrogen and other
donors[35-41]. Schiff bases offer a versatile and flexible series of ligands capable
to bind with various metal ions to give complexes with suitable properties for theo-
retical and/or practical applications. Since the publication of Schiff base complexes,
a large number of polydentate Schiff base compounds have been structurally char-
acterized and extensively investigated. This may be attributed to their stability, bio-
logical activity and potential applications in many fields such as oxidation cataly-
sis, electrochemistry, etc. Various studies have shown a relationship between the
metal ions and their metal complexes as antitumor and antibacterial agents, which
is a subject of great interest. The inorganic pharmacology started to be an impor-
tant field with more than 25 inorganic compounds being used in therapy as anti-
bacterial, antiviral and anticancer drugs[42-51].

SCHIFF BASE – LIGAND

With ever increasing knowledge of properties of functional groups and nature
of donor atoms and the central metal ion, ligands with more selective chelating
group called anils, imines and azomethines or best known as Schiff bases are
being used for the complex formation studies. They have general structure RC=NR’
where R and R’ are alkyl, aryl or heterocyclic compounds.

Extensive investigation in the field of Schiff bases have been reported by
Bayer[52]. Their preparation, chemical and physical properties have been de-
scribed by Layer[53], Dwyer and Mellor[54]. It concern primarily with the stere-
ochemistry of Schiff base complexes as well as aspect of behavior of such com-
plexes in solution, has also been published[55].

Schiff[56] may be regarded as the first to have determined the composition of
a metal complex with such ligands containing azomethine group by establishing
the metal : ligand ratio 1 : 2 in copper complex derived from N-aryl salicyladimines.
The systematic synthetic study of Schiff base complexes was initiated by Pfeiffer
and coworker[57-60]. This work still serves as a source of preparative detail and
structural interpretation for contemporary chemists and its importance may be judge
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by the relatively large number of citation in the modern literature[61-65]
Transition metal complexes derived from Schiff bases have occupied a central

role in the development of coordination chemistry. The azomethine group > C=N of
the Schiff base forming a stable metal complexes by coordinating through nitrogen
atom. Large number of Schiff bases have been investigated by many workers as
chelating agents. Most of them are prepared by the condensation of salicyldehyde
with aromatic amines and aliphatic amines. Calvin and Berkelow[66] have synthe-
sized nearly twelve anils by condensing salicyldehyde with substituted anilines and
other aromatic amines.

Recently J.H.Pandya et al.[67] have reported binuclear transition metal com-
plexes derived from 5-bromo salicyldehyde. Javed Iqbal et al.[68] synthesized
Chloro-salicylidene aniline and their complexes.

Ligand having phenolic-OH group and nitrogen are very effective. This fact is
very well illustrated by the use of 8-hydroxy quinoline, 8-hydroxy quinazoline,
monodentate, bidentate and polydentate ligands have been studied and their Schiff
bases are extensively used as a chelating agent. Several bidentate Schiff bases
in which phenolic -OH and immino nitrogen are present in such a way that they
form six membered ring, forms chelates with metal ions. K. Natarajan et al.[69]
have introduced Ruthenium metal chelates containing bidentate Schiff base.

Recently Mehmet Tuncel and Selahattin Serin, [70] reported new azo-linked
Schiff base metal chelates. Several tridentate ligands were also investigated and
used as chelating agents by Tarek M. Ismail et al. [71], and M. Sivasankaran Nair
et al. [72].

Compounds containing an azomethine group are known as imines (Schiff
bases). Schiff base ligands are considered “privileged ligands” because they are
easily prepared by the condensation between aldehydes/ketons and imines[17,73-
76]. Stereogenic centres or other elements of chirality (planes, axes) can be intro-
duced in the synthetic design. Schiff base ligands are able to coordinate many
different metals, and to stabilize them in various oxidation states, enabling the use
of Schiff base metal complexes for a large variety of useful catalytic transforma-
tions. Schiff described the condensation between an aldehyde/ketone and an amine
leading to a Schiff base in 1864. Schiff base ligands are able to coordinate metals
through imine nitrogen and another group, usually linked to the aldehyde or ke-
tone[77-79]. Modern chemists still prepare Schiff bases, and nowadays active and
well-designed Schiff base ligands are considered “privileged ligands”.

Recently J.H.Pandya et al. have reported binuclear metal complexes derived
from schiff base[80].  In fact, Schiff bases are able to stabilize many different met-



6INTRODUCTION

als in various oxidation states, controlling the performance of metals in a large
variety of useful catalytic transformations. Schiff bases are also able to transmit
chiral information to produce non-racemic products through a catalytic process;
chiral aldehydes or chiral amines can be used[81-83]. From a practical point of
view, the aspects involved in the preparation of Schiff base metal complexes are
spread out in the literature. We wish to summarize and introduce some practical
guidelines for the preparation and use of Schiff base metal complexes in cataly-
sis[84]. When two equivalents of salicylaldehyde are combined with a diamine, a
particular chelating Schiff base is produced[85,86]. The so-called Salen ligands,
with four coordinating sites and two axial sites open to ancillary ligands, are very
much like porphyrins, but more easily prepared. Although the term Salen was used
originally only to describe the tetradentate Schiff bases derived from ethylenedi-
amine, the more general term Salen-type is used in the literature to describe the
class of [O,N,N,O] tetradentate bis-Schiff base ligands[87]. Basic guidelines for
the design, synthesis and application of metal Schiff base complexes in catalysis
will thus be surveyed with the emphasis on the relevant problems in producing
active and useful complexes[88-90].

In the last decade Schiff-base ligands have received more and more attention,
mainly because of their wide application in the fields of synthesis and catalysis[91-
93]. This attention is still growing, so that a considerable research effort is today
devoted to the synthesis of new Schiff-base complexes with transition and main
group metal ions, to further develop applications in both catalysis and material
chemistry[94-96]. The salen ligand has also been used to activate redox chemistry
for the selective recognition and modification of nucleic acids. Adducts formed
between guanine and nickel complexes based on salen ligands strongly inhibit
polynucleotide elongation, allowing sensitive detection through polymer extension
assays[97].

Although the first chelate was recognized and described by Werner, the devel-
opment of chelate chemistry has taken place almost entirely within recent
years[9,10]. However, chelation is nothing more than a special form of complex
formation, and what has been said concerning simple complexing applies equally
well to chelate formation[98]. On the other hand the majority of chelate compounds
result from the linking of metal atoms to organic molecules; consequently this branch
of chemistry might be incorporated as well in the field of organic chemistry as in
that of inorganic chemistry. Moreover the information relating to chelate chemistry
has become so extensive that it is impossible to present more than an outline
summary[11,12,28].
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Nature of Ligand:

The stability of the chelate is mainly affected by the size and the number of
chelate rings, the basic strength of ligand, the nature of donor atom and the steric
effect of the substituents in the ligand molecule[1,3]. It has been established that
five and six membered rings are most stable and the stability of the complexes
increases in the number of rings. Schwarzenbach[99] showed the the stability of a
metal chelate is considerably greater than that of an analogous compound with
fewer chelate rings. He termed this effect as chelate effect. He emphasized the
role of entropy as a fundamental factor in chelate effect. A linear correlationship
has been established for the basic strength of the ligand and the stability of the
metal complexes. The basic strength of the ligand is highly affected by the nature
of the group or atom present in the ligand molecule[100]. Substituent such as me-
thyl (σ and π donor) increases the basicity of the donor atom whereas substituents
like nitro (σ and π acceptor) decreases it. Martell and Calvin[101] have reported
the steric effect of the substituent in the ligand molecule in complex formation. The
lowering in stability due to bulky group present on or near the donor atom has been
reported by several authors[102-104]. The different types of steric effect have been
discussed in detail in the literature[99]. Calvin et al.[101] have studied the signifi-
cance of resonance effect in the stability of chelate rings and suggested that metal
ion may be involved in the benzenoid resonance in the chelate ring through back
donation of d-electrons.F.J.C. Rossotti et al.[105] and S.D. Christian[106] have
reported the stability depends upon enthalpy and entropy of the system.

METAL AND METAL CHELATES

The element which constitute Group-IIIA to IB in the fourth, fifth and sixth periods
of periodic table are classified as the ‘transition elements’. They are metals char-
acterized by having atoms which, either in their neutral state, or in the case of the
coinage metals, in their common oxidation states, have partly filled d or f
shells[107,108].

Properties of the transition elements:

(1) Physical:

Nearly all the transition elements have the simple h.c.p., f.c.c., or b.c.c. lat-
tices characteristic of the true metals and display typical metallic properties – high
tensile strength, ductility, malleability, high thermal and electrical conductivity. Their
m.p. and b.p. are high; in any period, these rise to a maximum value at the group
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VIA metal and then, expect for Mn and Tc regularly fall again.

(2) Chemical:

Most of the metals dissolve easily in dilute acids. The froth period d-block
metals, with the exception of copper, are readily soluble in non-oxidizing acids.
Only the coinage metals and some that precede them in the fifth and sixth period
show noble character. Because they have partly filled shells, many transition met-
als give compounds which are paramagnetic. The promotion of an electron from
one d orbital to another usually requires a quantum of energy appropriate to ab-
sorption in the visible spectrum; thus many transition metal compounds are col-
ored, but often only weakly, as d-d transition are ‘forbidden’ ones in the quantum-
mechanical sense[11,12].

The most important chemical characteristic of the transition metals is that nearly
all of them exhibit several oxidation states. The coordination number of the metal
atom in a compound, the stereochemistry of the atom and the nature of the bonds
it forms are all, to some extent, dependent on the particular oxidation state[109].
The structure of transition metal compounds may be rationalized by means of purely
electrostatic models (Crystal Field Theory) or by means of covalent bond mod-
els (Molecular Orbital Theory) but the approaches made in the two models are
complementary rather than contradictory and are effectively combined in Ligand-
Field theory[110].

METAL Ti V Cr Mn Fe Co Ni Cu 

mp(0C) 1668 1890 1875 1244 1537 1493 1453 1083 

Properties 

Hard, 

corrosion 

resistant 

Hard, 

corrosion 

resistant 

Brittle, 

corrosion 

resistant 

White, 

brittle, 

reactive 

Lustrous, 

reactive 

Hard, 

bluish 

color 

Quite 

corrosion 

resistant 

Soft and 

ductile, 

reddish color 

Density (g 

cm-3) 
4.51 6.11 7.19 7.18 7.87 8.90 8.91 8.94 

E0 (V) - -1.19 -0.91 -1.18 -0.44 -0.28 -0.24 +0.34 

Solubility 

in acids 

Hot HCl, 

HF 

HNO3, HF 

concentrated 

H2SO4 

Dilute 

HCl, 

H2SO4 

Dilute 

HCl, 

H2SO4, 

and so 

on 

Dilute 

HCl, 

H2SO4, 

and so 

on 

Slowly 

in 

dilute 

HCl 

Dilute 

HCl, 

H2SO4, 

HNO3, hot 

concentrated 

H2SO4 

Nature of the metal ion[111]:

It is concluded that most stable complexes are obtained when it is made up
of oppositely charged ions, and the greater the charge on ions and smaller the
ions, the grater is the stability. Thus stability increases with the charge on the metal
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ions and if the metal ions having same charge the stability of complexes increases
as the ionic radius decreases.

In order to understand the role of metal ions in deciding the stability of com-
plexes, the metal ion are classified into three groups viz., Class A, Class B, and
borderlines as under:
Class A : H+, Li+, Na+, K+, Be2+, Mg2+, Ca2+, Sr2+, Mn2+, Al3+, Sc3+, Ga3+, In3+,

La3+, Cr3+, Co3+, Fe3+, Ti4+, Sn4+

Class B : Cu+, Ag+, Au+, Ti+, Hg+, Hg2+, Pd2+, Pt2+, Pt4+, Ti3+.
Borderlines : Fe2+, Co2+, Ni2+, Cu2+, Zn2+, Pb2+.

This classification is based on the relative stability of complexes with ligands
having donor atom from groups V-A, VI-A, VII-A. if the stability of the complexes is
greatest with the lightest element of each of these groups as the donor atom, the
ions are placed in class-A conversely class-B ions form the least stable complexes
with the lightest element of each group as donor atom. Further more, class-B ions
form stable complexes with CO and olefins while those of class-A do not form such
complexes. Some ions frequently form complexes whose stabilities cannot be pre-
dicted on the bases of the order generally observed stabilities, and these ions are
placed in the borderline class.

Mellor and Maley[112] arranged the metals in order of stability of complexes of
bivalent metal ions with salicyladehyde glycene and 8-hydroxy quinoline.

Pd > Cu > Ni > Pb > Co > Zn > Cd > Fe > Mn > Mg.
They proposed that Pd(II) and Cu(II) are capable of forming strong dsp2 bonds

and hence give the strongest chelates. It was concluded that the strength of the
bonding in this chelates depends upon the ability of metal to from homopolar bonds.
The stability of complexes of the borderline ions with a given ligand is almost in-
variably in the order.

Mn2+ < Fe2+ < Co2+ < Ni2+ < Cu2+ < Zn2+

This order is known as the Irving-Williams series. Irving and Williams[113] cor-
related the above conclusion by plotting the stability constant against the atomic
numbers. The conductometric measurements and exchange studies of Cu, Ni, Zn
and Co chelates indicate almost the same stability order.

(A) COBALT:

The trends towards decreased stability of very high oxidation states and the
increased stability of the II state relative to the III state, which occur through the
series Ti, V, Cr, Mn, and Fe, persist with Co. the highest oxidation state is now IV,
and only a few such compounds are known. Cobalt(III) is relatively unstable in simple
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compounds, but the low spin complexes are exceedingly numerous and stable,
especially where the donor atom (usually N) make strong contributions to the ligand
field. There are also numerous complexes of CoI. this oxidation state is better
known for cobalt then for any other element of the first transition series except
copper. All CoI complexes have π-acid ligands. Cobalt always occurs in associa-
tion with Ni and will usually occur also with As. The chief source of Co are “Speis-
ses”, which are residue in the smelting of arsenical ores in Ni, Cu, and Pb. Cobalt
is relatively unreactive, although it dissolves slowly in dilute mineral acids.

Chemistry of Cobalt(II), d7

 The dissolution of Co, or the hydroxide or carbonate, in dilute acids gives the
pink aqua ion, [Co(H2O)6]+2, which forms many hydrated salts. Addition of OH- to
Co+2 gives the hydroxide, which may be blue or pink depending on the conditions.
It is weakly amphoteric dissolving in very concentrated OH- to give a blue solution
containing the [Co(OH)4]2- ion.

The most common CoII complexes may be either octahedral or tetrahedral.
There is only a small difference in stability and both types, with the same ligand,
may be in equilibrium. Thus for water there is a very small but finite concentration of
the tetrahedral ion

[Co(H2O)6]+2 ↔ [Co(H2O)4]+2 + 2H2O
Addition of excess Cl- to pink solution of the aqua ion readily gives the blue

tetrahedral species.
[Co(H2O)6]+2 + 4Cl- ↔ [CoCl4]-2 + 6H2O

Tetrahedral complexes, are formed by halide, pseudohalide, and OH- ions.
Cobalt(II) forms tetrahedral complexes more readily than any other transition metal
ion. The Co+2 ion is the only d7 ion of common occurrence. For a d7 ion, ligand field
stabilization energies disfavor the tetrahedral configuration relative to the octahe-
dral one to a smaller extent than for any other configuration. This argument is valid
only in comparing the behavior of one metal ion with another and not for assessing
the absolute stabilities of the configurations for any particular ion.

(B) NICKEL:

The trend toward decreased stability of higher oxidation states continues, so
that only NiII normally occurs with a few compounds formally containing NiIII and
NiIV. The relative simplicity of nickel chemistry in terms of oxidation number is bal-
anced by considerable complexity in coordination numbers and geometries. Nickel
occurs in combination with arsenic, antimony, and sulfur as in millerite(NiS) and
garnierite, a magnesium-nickel silicate of variable composition. Nickel is also found
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alloyed with iron in meteors, the interior of the earth is believed to contain consid-
erable quantities. In general, the ore is roasted in air to give NiO, which is reduced
to Ni with C. Nickel is usually purified by electrode position but some high purity
nickel is still made by the carbonyl process. Carbon monoxide reacts with impure
nickel at 50°C and ordinary pressure or with nickel-copper matte under more strenu-
ous conditions, giving volatile Ni(CO)4, from which metal of 99.90 to 99.99% purity
is obtained on thermal decomposition at 200°C.

Nickel is quite resistant to attack by air or water at ordinary temperatures when
compact and is, therefore, often electroplated as a protective coating. It dissolves
readily in dilute mineral acids. The metal or high Ni alloys are used to handle F2

and other corrosive fluorides. The finely divided metal is reactive to air and may be
pyrophoric. Nickel absorbs considerable amounts of hydrogen when finely divided
and special forms of Ni are used for catalytic reduction.

The Chemistry of Nickel(II), d8

Nickel(II) forms a large number of Complexes with coordination number six,
five, and four having all the main structural types: octahedral, trigonal bipyramidal,
square pyramidal, tetrahedral and square. It is characteristic that complicated equi-
libria, which are generally temperature dependent and sometimes concentration
dependent, often exist between these structural types.

(C) COPPER:

Copper has a single s electron outside the filled 3d shell. It has little in common
with the alkalis except formal stoichiometries in the +1 oxidation state. The filled d
shell is much less effective then is a noble gas shell in shielding the s electron from
the nuclear charge, so that the first ionization potential of Cu is higher than those of
the alkalis. Since the electron of the d shell are also involved in metallic bonding,
the heat of sublimation and the melting point of copper are also much higher than
those of the alkalis. These factors are responsible for the more noble character of
copper. The effect is to make compounds more covalent and to give them higher
lattice energies, which are not offset by somewhat smaller radius of Cu+ (0.93Å)
compared with Na+ (0.95Å) and K+ (1.33Å). The second and third ionization poten-
tials of Cu are very much lower than those of the alkalis and account in part for the
transition metal character.

Copper is not abundant (55 ppm) but is widely distributed as a metal, in sul-
fides, arsenides, chlorides, and carbonates. The commonest mineral is chalcopy-
rite, CuFeS2. Copper is extracted by oxidative roasting and smelting, or by micro-
bial-assisted leaching, followed by electrodeposition from sulfate solutions. Cop-
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per is used in alloys such as brass and is completely miscible with gold. It is very
slowly superficially oxidized in moist air, sometimes giving a green coating of hydroxo
carbonate and hydroxo sulfate (from SO2 in the atmosphere). Copper readily dis-
solves in nitric acid and in sulfuric acid in presence of oxygen. It is also soluble in
KCN or ammonia solutions in the presence of oxygen, as indicated by the potentials.

The Chemistry of Copper (II), d9

There is well defined aqueous chemistry of Cu2+, and a large number of salts of
various anions, many of which are water soluble, that exist in addition to a wealth of
complexes. it is pertinent to note the stereochemical consequences of the d9 con-
figuration of CuII. This makes CuII subject to distortions if placed in an environment
of cubic (i.e. regular octahedral or tetrahedral) symmetry. The result is that CuII is
nearly always found in environments appreciably distorted from these regular sym-
metries. The characteristic distortion of the octahedron is such that there are four
short Cu-L bonds in the plane and two trans long ones. In the limit, this elongation
leads to a situation indistinguishable from square coordination, as found in CuO
and many discrete complexes of CuII. Thus the cases of tetragonally distorted “oc-
tahedral” coordination and square coordination can not be sharply differentiated.

METAL CHELATE

Chelates possess a cyclic structure arising from the union of a metal ion with
an organic or inorganic molecule, with two or more points of attachment to pro-
duce a closed ring[11]. Usually chelate rings contain five or six members, including
the metal ion, since these numbers apparently results in a reduced strain and are
consequently more stable. Where either a five or six membered ring may be formed,
invariably (unless double bonds are involved) the five membered ring is produced,
indicating that this is the most stable ring that can be closed. The tendency to form
rings of low strain parallels the formation of carbon rings in organic chemistry. The
rings may be closed by the formation of covalent linkages, or coordinate bonds, or
by a combination of the two. In fact the nature of the linkages has been used as a
basis for the classification of the chelate compounds. Covalent bonding is pro-
duced by the replacement of a proton in an organic group. Functional groups of
this type are sometimes called acidic groups because of the fact that hydrogen
may be replaced from them. The most common examples of these groups are -
COO (carboxyl), -SO3 (sulfonic), -OH (enolic hydroxyl), and =NOH (oxime). Coordi-
nate linkages, without the replacement of hydrogen, are formed by the donation of
an electron pair. The most common functional groups which contain donor atoms
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are –NH2 (primary, secondary and tertiary amines), =NOH (oxime), -OH (alcoholic
hydroxyl), =CO (carbonyl), and –S- (thioether). Chelation will therefore be favored
when any of the foregoing groups occur in the 1,4 or 1,5 positions of an organic
molecule[12].

Classification of Chelates:

The three types of chelates given in those cyclic compounds in which the metal-
lic ion is attached to the coordinating agent by only two linkages. With the discov-
ery of compounds in which the metal atom is linked to the organic molecule through
three or more groups, it became necessary to devise another system of classifica-
tion[114]. It was G.T.Morgan who first coined the name chelate, from the Greek
word for claw. Later as other compounds with more than two points of attachment
to the central ion were discovered, Morgan originated for these compounds the
names tridentate and quadridentate, which literally mean three-toothed and four-
toothed. Actually quinquidentate and sexadentate compounds are possible, al-
though very few have been knowingly recorded as such.

Since polydentate molecules may be attached to the central metal atom through
two kinds of functional groups, acidic and coordinating, to form covalent and coor-
dinate linkages, the logical classification of chelate compounds should follow the
number and kind of attachments involved.

Certain inorganic cations may form coordination compounds with specific or-
ganic ions or organic molecules. If the coordination groups are organic ions, the
complex produced is usually an anion and is soluble in water. Such an electrolyte is
produced when the ferric ion reacts with oxalate ions. A simple equation for the
formation of this complex is

 Fe+3 + 3C2O4
- Fe (C2O4)3

3-

If the coordination ion or molecule is attached to the central group by two
bonds in such a manner as to produce a closed ring, the resulting compound is a
chelate. Complexes incorporating ring structures, particularly where there are five
or six atoms in the ring, are generally quite stable. One of the most familiar chelate
compound, used in analytical chemistry for the determination of nickel ion reacts
with dimethylglyoxime. The structure of the complex produced by this reaction may
be represented as,
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In this compound the nickel atom has a coordination number 4 and is at-
tached to two molecules of dimethylglyoxime by two covalent bonds and two coor-
dinate bonds[115].

The hundred of known chelate compounds have been classified in many ways.
These compounds are of sufficient importance for them to be discussed more
completely. At present it seems worthwhile to mention a simple method of classifi-
cation, used by several writers, in which chelates are classified according to the
nature of the links that close the ring, or rings, of the cyclic compounds. In respect
to the nature of the linkages chelates may be classified into three types.

TYPE-A:

Complexes in which the cation is combined through covalent bonds only. Rings
of this type are formed by the replacement of two hydrogen atoms by the metallic
cation. Usually the two hydrogen atoms split form hydroxyl or carboxyl groups, where
the latter are so positioned as to produce five membered rings.

TYPE-B:

Complexes in which the cation is combined through both covalent and coordi-
nate bonds. Complexes of this type are nonelectrolytes and are insoluble in water.
One such complex, nickel dimethylglyoxime, has already been given. Another ex-
ample is the chelate structure produced by the reaction of the aluminum ion with
alizarin red S. in this compound three molecules of the dye combine with one alu-
minum ion to form a red precipitate.

TYPE-C:

These are complexes in which the cation forms only coordinate bonds in clos-
ing a ring. The diamines which have two amine groups, each of which may donate
electrons, tie up certain cations with only coordinate linkages. Such a complex is
formed by the union of ethylene diamine with platinic chloride.

C

C

H3C

H3C

N

N

C

C

CH3

CH3

N

N

O

O

Ni

O

O
H

H
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The stability of the chelates is mainly affected by the size and the number of
chelate rings, the basic strength of ligand, the nature of the donor atoms and the
steric effect of the substituents in the ligand molecule. It has been established that
five and six membered rings are most stable and the stability of the complexes
increases with the increase in the number of rings. As a general rule, a complex
containing one (or more) five or six membered chelate rings is more stable (has a
higher formation constant) than a complex that is as similar as possible but lacks
some or all of the chelate rings.

Another way to state the matter is to visualize a chelate ligand with one donor
atom attached to a metal ion. The other donor atom cannot than get very far away,
and the probability of it, too, becoming attached is greater than if it were in an
entirely independent molecule, with access to the entire volume of solution. Thus
the chelate effect weakens as ring size increases. The effect is greatest for five
and six membered rings, becomes marginal for seven membered rings, and is
unimportant thereafter. When the ring to be formed is large, the probability of the
second donor atom attaching itself promptly to the same metal atom is no longer
large as compared with its encountering a different metal atom, or as compared with
the dissociation of the first donor atom before the second one makes contact[3].

In coordination compounds, metals are surrounded by groups that are called
ligands. The types of groups that may surround a metal atom or ion are greatly
varied, but they may be broadly considered to be of two types: ligand that bond to
metal atom or ion through carbon atoms, and ligand that do not. The main justifica-
tion for classifying many substances as coordination compounds is that their chem-
istry can conveniently be described in terms of a central cation Mn+, about which a
great variety of ligands L, L′, L″, and so on, may be placed in an essentially unlim-
ited number of combinations. The overall charge on the resulting complex [MLxL′y
L″z….] is determined by the charge on M, and the sum of the charges on the ligands.

The stability of Coordination compounds[3,17,116]:

Equilibrium constant for the formation of complexes in solution:

The formation of complexes in aqueous solution is a matter of great impor-
tance not only in inorganic chemistry but also in biochemistry, analytical chemistry,
and in a variety of applications. The extent to which a cation combines with ligands
to form complex ions is a thermodynamic problem and can be treated in terms of
appropriate expression for equilibrium constants. Suppose we put a metal ion M
and some monodentate ligand L together in solution. If we assume that no insoluble
products or any species containing more than one metal are formed, then equilib-
rium expressions of the following sort will describe the system:
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There will be N such equilibria, when N represents the maximum coordination
number of the metal ion M for the ligand L. the parameter N may vary from one
ligand to another. For instance, Al+3 forms AlCl4

- and AlF6
3-, and Co+2

 forms CoCl4
2-

and Co(NH3)6
2+, as the highest complexes with the ligands indicated.

EDTA analysis:

Many methods of chemical analysis and separation are based on the forma-
tion of complexes in solution, and accurate values for formation constants are help-
ful[117]. For example, different transition metal ions can be selectively determined
by complexation with the hexadentate chelate EDTA4-, by adjusting the concentra-
tion of EDTA4- and the pH, one ion can be complexed while another ion (which is
simultaneously in the solution) is not complexed. This is the basis for the determi-
nation of Th4+ in the presence of divalent cations. The analysis is made possible by
the large difference in formation constants for the EDTA4- complexes of the 4+ and
2+ cations. The EDTA4- ligand is less selective among ions of like charge, but the
addition of CN- allows the determination of the alkaline earth cations in the pres-
ence of the cations of Zn, Cd, Cu, Co, and Ni, because the latter form more stable
complexes with CN- than with EDTA4-.

The Chelate effect:

As a general rule, a complex containing one (or more) five or six membered
chelate rings is more stable (has a higher formation constant) than a complex that
is as similar as possible but lacks some or all of the chelate rings. Another way to
state the matter is to visualize a chelate ligand with one donor atom attached to a
metal ion. The other donor atom cannot than get very far away, and the probability
of it, too, becoming attached is greater than if it were in an entirely independent
molecule, with access to the entire volume of solution. Thus the chelate effect weak-
ens as ring size increases. The effect is greatest for five and six membered rings,

M + L = ML K1 =
[ML]
[M] [L]

ML + L = ML2 K2 =
[ML2]

[ML] [L]

ML2 + L = ML3 K3 =
[ML3]

[ML2] [L]

MLN-1 + L = MLN KN =
[MLN]

[MLN-1] [L]
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becomes marginal for seven membered rings, and is unimportant thereafter. When
the ring to be formed is large, the probability of the second donor atom attaching
itself promptly to the same metal atom is no longer large as compared with its
encountering a different metal atom, or as compared with the dissociation of the
first donor atom before the second one makes contact[118].

DETECTION OF COMPLEXES IN SOLUTION:

A number of physical methods are useful for this purpose. Some of the meth-
ods which have been widely used are mention below.

(A) Conductance measurements:

This method was extensively used by Werner and others to study metal com-
plexes. In the case of a series of complexes of Co(III) and Pt(IV), Werner assigned
the correct formulae on the basis of their molar conductance values measured in
freshly prepared dilute solutions[119].

(B) Absorption spectra:

Formation of complex by a transition metal ion is generally accompanied by a
sharp color change owing to the characteristic absorption spectrum of the com-
plex being different from that of the simple metal ion. In fact a complex may be
identified by its absorption characteristic; i.e., based on the position of the maxima
and the minima in the absorption spectrum and their intensities (absorbance or
molar extinction coefficient values). The deep blue color which is formed on add-
ing ammonia to a solution of copper (II) salt is a typical example[120].

(C) Potentiometer measurements:

The oxidation potential of the couple M+(m-n) / M+m is shifted significantly on com-
plexation of the cations by the ligands[121].

(D) Polarogrphic measurements:

A shift in the half wave potential of a metal ion in solution in the presence of an
added ligand (anion or neutral molecules) is indicative of complex formation[122].

(E) Ion Exchange studies:

Complex Molar conducatnce 

[Co(NH3)6] Cl3 431.6 

[Co(NH3)5NO2] Cl2 246.4 

[Co(NH3)4(NO2)2] Cl 98.4 

[Co(NH3)4(NO2)3] ~ 0 
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Simple metal ions (cations) and cationic complexes are absorbed in a cation
exchanger; anionic complexes are absorbed by anion exchangers, while nonionic
complexes are not absorbed by cation or anion exchangers. From concentrated
hydrochloric acid solution, Iron(III) is completely retained in an anion exchanger but
not in a cation exchanger indicating the presence of an anionic complex (FeCl4-) in
the solution[123].

(F) Magnetic properties of complexes:

For studying the electronic structure of transition metal complex, the measure-
ment of magnetic moment is a very useful method. It provide fundamental informa-
tion about the bonding and stereochemistry of metal complexes. The magnetic
properties of coordination compounds are based on the effect of ligand on the
spectroscopic terms of metal ion[124].

Gouy’s method is the simplest method of measuring magnetic moments. It con-
sist of a suspension of a uniform rod in non-homogeneous magnetic field about
5000 oersteds and measuring the force exerted on it by a conventional weighing
techniques. The celebrant usually Hg[Co(CNS)4] which are easy to prepare, do not
decompose and absorb moisture and pack well in the sample tube. All the transi-
tion metal ions having from 1 to 9 electrons in the d level of the penultimate valence
shell are paramagnetic because of the presence of one or more unpaired elec-
trons. It is a general rule that if a group of n or less electrons occupy a set of n
degenerate (equal energy) orbital, they will singly occupy the orbital and give rise
to n unpaired spins. This is Hund’s rule of maximum multiplicity. This shows that
electron pairing is an unfavorable process and requires energy, i.e., the system
has to gain energy in the process and is thus destabilized.

PHYSICAL TECHNIQUES USED FOR CHARECETIZATION[125-130]:

(1) Infrared Spectrometry(IR):

Infrared spectroscopy is extremely powerful analytic technique for both qualita-
tive and quantitative analysis. The infrared spectrum of any given substance is
interpreted by the use of known group frequencies. It is one of the most widely
used tools for the detection of functional group in pure compounds and mixtures,
for compound comparison and for identification of the substances.

Infrared spectroscopy evolves twisting, bending, rotational and vibrational mo-
tion of the atomic groups in a molecule. Infrared radiation does not possess suffi-
cient energy to cause the excitation of electrons however it causes atoms and
groups of atoms to vibrate faster about covalent bond or bond which connect them.
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The compounds absorb infrared energy in the particular region of spectrum. A highly
complex absorption spectrum is obtained which is characteristic of the functional
group comprising the molecule and overall configuration of the atom as well.
The infrared region constitutes three parts:

(i) Near infrared region

In the near infrared region, which meets the visible region at about 12,500 cm-1

and extends to about 4000 cm-1 are found many absorption bands resulting from
harmonic overtones of fundamental bands and combination bands often associ-
ated with hydrogen atoms. Among these are the first overtones of the O-H and N-H
stretching vibrations near 7140 cm-1 and 6667 cm-1 respectively. Combination bands
resulting from C-H stretching, and deformation vibration of alkyl group at 4548 cm-1

and 3850 cm-1.

(ii) Mid infrared region:

Middle infrared region divided into the “Group frequency” region 4000 cm-1 to
1300 cm-1, and “finger-print” region, 1300 cm-1 to 650 cm-1.

(iii) Far infrared region:

Far infrared region between 667 cm-1 to 10 cm-1 contain the bending vibrations
of carbon, nitrogen, oxygen and fluorine with atoms heavier than mass 19 and
additional bending motion in cyclic or unsaturated system.

The Infrared Spectrum can give a perfect picture of the structural formula with-
out a chemical investigation.

(2) UV-Visible Spectrometry:

The spectrum of transition metal complexes depends on the transition of un-
paired electrons from the ground state to an excited state. Most of the transition
metal complexes are colored; the color is observed due to d-d transition in visible
region. Transition between a given set of p or d orbital, where d-d transition are
forbidden (e.g. in octahedral complexes), render such complexes colorless.

The electronic structure of coordination compounds is mainly described by the
molecular orbital theory. The atomic overlap in metal-ligand bonds allows d-elec-
tron to penetrate from the central atom to the ligand. The transitions are affected by
the effect of ligands on the energies of d-orbital of the metal ions. Since octahe-
dral, tetrahedral and square planner field cause splitting of d-orbital in different
ways, the geometry will have a pronounced effect on the d-d transitions in a metal
ion complex. Thus spectral data of these transitions provide useful information about
the structure of complexes.
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Cu(II) complexes are usually blue or green, exception of this, is generally caused
by strong ultraviolet and charge transfer bands tailing off into blue and visible spec-
trum thus causing the substances to appear red or brown. The blue or green colors
are due to the presence of the Cu d-d absorption in 600-900 nm region of the
spectrum. The envelops of these bands are generally unsymmetrical to seeming to
encompass several overlapping transition, but definite resolution into the proper
number of sub-bands with correct location is difficult.

(3) Nuclear Magnetic Resonance (NMR) Spectroscopy:

Nuclear Magnetic Resonance spectroscopy involves transition of a nucleus from
one spin state to another with the resultant absorption of electromagnetic radiation
by spin active nuclei when they are placed in a magnetic field. The energy associ-
ated with NMR experiment is incapable to disrupting even the weakest chemical
bonds. NMR spectroscopy pertains to nuclei and only one type of nucleus at a
time, e.g. all 1H or 13C or 19F nuclei. When the frequency of the rotating magnetic
field and that of the precessing nucleus (larmor frequency) become equal, they are
said to be in resonance and absorption or emission of energy by the nucleus can
occur. A plot of the peak intensity versus the frequencies of absorption (expressed
in δ or τ) constitutes an NMR spectrum.

The 1H nucleus is by far the most commonly studied by NMR spectroscopy
because of its high natural abundance (99.98%) and the fact that it is invariably
present in the majority of organic compounds. PMR spectrum provides informa-
tion about the number of different types of proton and also regarding the nature of
the immediate environment of each of them. A 1H spectrum consist of a plot of
chemical shift against intensity and, since the area under each peak in a 1H NMR
spectrum is proportional to the number of 1H nuclei giving rise to the peak, we
integrate the spectrum to give the number of protons in each molecular environ-
ment.

(4) Mass Spectrometry

Mass spectrometry is a micro analytical technique requiring only a few
nanomoles of the sample to obtained characteristic information pertaining to the
structure and molecular weight of the analyte. It is unlike the other forms of spec-
troscopy, in that it is not concerned with non-destructive interactions between mol-
ecules and electromagnetic radiation. Instead, it involves the production and sepa-
ration of ionized molecules and their ionic decomposition products and finally the
measurement of the relative abundances of different ions produced. It is, thus, a
destructive technique in that the sample is consumed during analysis. In most cases,
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the nacent molecular ion of the analyte produces fragment ions by cleavage of the
bonds and the resulting fragmentation pattern constitutes the mass spectrum. Thus,
the mass spectrum of each compound is unique and can be used as a “Chemical
fingerprint” to characterize the sample.

Mass spectrometry deals with the examination of the characteristic fragments
(ions) arising from the breakdown of organic and inorganic molecules. A mass
spectrum is the plot of relative abundance of ions against their mass/charge ratio.

The basic aspect of mass spectrometry consists of bombarding the vapour of
a compound with a beam of energetic electron accelerated from a filament to an
energy of 70 eV to form positively charged ions (molecular ions). The additional
energy of the electron is dissicipated in breaking the bonds in the molecular ion,
which undergoes fragmentation to yield several neutral or positively charged spe-
cies. This fragmentation may result in the formation of an even-electron ion and a
radical.

M+. → A+ (even electron ion)+ B. (radical)
Or an odd electron ion and a neutral molecule.

 M+. → C+. (odd electron ion)+ D (neutral molecule)
Thus, the mass spectral reaction are much more drastic than usual chemical

reactions.

(5) ESR (Electron Spin Resonance) Spectrometry

ESR, are also called Electron Paramagnetic Resonance, is form of magnetic reso-
nance spectroscopy, which is possible only for molecules with unpaired electrons[68].

This sensitive technique has proved useful in the study of the electronic struc-
ture of many species, including organic free radicals, and more transition metals
and rare earth species. Important biological application includes the use of ‘spin
labels’ as probe of molecular environment in enzyme active sites and membrane.
ESR has also been used to examine interior defects in solid state chemistry and to
study reactive chemical species on catalytic surfaces.

ESR gives the chemical information regarding the structure of paramagnetic
substances. The number of lines, their spacing and their relative intensities un-
equivocally indicate a characteristic structure of a molecule. It is observed that
when a molecule or ion containing one or more unpaired electrons are placed in a
magnetic field. The effect of magnetic field is to lift the spin degeneracy, i.e. to
make the energy of the electron differ for its two Ms value, +1/2 and -1/2. The
electron lines up its field with the magnetic field and result in an increase of poten-
tial energy. A quantum mechanical treatment shows that the energy difference be-
tween these two electrons spin alignment is equal to gBH, where g is gyro-mag-
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netic ratio, B is Bohr magneton and H is the strength of magnetic field.
For ESR investigation transition metal ions are simplest example. To under-

stand the spectrum of an ion require a detail consideration both of the individual
ion and of its environment. In evaluation of an ESR spectrum, the most important
parameter is g value, which is spectroscopic spitting factor.

In case of Cu(II) having 3d9 configuration a large Jhan-Teller distortion is ob-
served. A four line spectrum should be observed due to nuclear hyperfine coupling
of Cu. Usually three lines spectrum are observed in practice. The g values are
around 2.192.

(6) Thermogravimetric Analysis(TGA):

With the development of technology thermal analysis using instruments for
measurements of temperature at transition state, weight loss in materials, ener-
gies of transitions, dimensional changes etc., have become possible. The most
common techniques used in various laboratories are: Thermogravimetry (TG), Dif-
ferential thermal analysis (DTA), Differential scanning calorimetry (DSC), and
Evolved gas analysis (EGA) etc.

In thermogravimetry the change in mass of the sample is recorded as a func-
tion of temperature. It provides the analyst with quantitative measurement of change
in weight associated with any transition. TG can directly record the loss in weight
with time or temperature due to dehydration or decomposition. Thermogravimetry
curves are characteristic of a given compound or system because of unique se-
quence of physico-chemical reaction which occur over definite temperature ranges.
In order for a mass change, to be detected, a volatile component must be evolved
or absorbed by the sample. The former is the usual mode of measurement, but
many examples are also known for latter. Since elevated temperatures are nor-
mally required for the evolution of volatile material, mass change measurement
are made at increasing rather than decreasing temperature. Routine measure-
ments can be made at temperature range from ambient to 1500°C with inert atmo-
sphere.

BIOLOGICAL IMPORTANCE OF LIGANDS AND METAL CHELATES

Biological importance of Schiff base ligand:

Schiff base appear to be important intermediate in number of enzymatic reac-
tion involving interaction of enzyme with an amino or a carbonyl group of the sub-
strate. One of the most prevalent types of the catalytic mechanism in biochemical
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processes involves condensation of primary amine in an enzyme, usually that of
lysine residue, with a carbonyl group of substrate to form an Imine or Schiff
base[131,132].

Stereochemical investigation carried out with the aid of molecular models
showed that Schiff base formed between methylglyoxal and the amino group of
lysine side chain of protein can bend back in such a way towards the N atoms of
peptide groups that a charge transfer can occur between these groups and the
oxygen atom of Schiff bases. In this respect pyridoxal Schiff base derived from
amino acid have been prepared and studied. Schiff base derived from pyridoxal
and amino acids are considered very important ligands from the biological point of
view. Transition metal complexes of such ligands are important enzyme models.
The rapid development of these ligands resulted in an enhance research activity in
the field of coordination chemistry leading to very interesting conclusion[133-137].

Recently certain polymeric Schiff bases have been reported by M. P. Sathisha
et al.[138] which possess antitumor activity. The Schiff bases have the highest
degree of hydrolysis at pH 5 and the solubility in water is also highest at this pH.
The antitumor activity of the bases towards ascetic tumor increases considerably
with slight increase in water solubility. Another important role of Schiff base struc-
ture is in transmination. Transminases are found in mitochondria and cytosal of
eukaryotic cell. All the transminases appear to have the same prosthetic group. i.e.
pyridoxal phosphate, which non-covalently linked to enzyme protein[139].

Biological important of Metal Complexes:

There are some metallo-elements without which the normal functioning of the
living organism is inconceivable. Among these metallo-elements so called ‘metals
of life’, four members form an island. These are Na, Mg, K and Ca. Among the
transition elements are V, Cr, Mn, Fe, Co, Ni, Cu and Zn. These elements are
present at trace and ultra trace quantity and play vital roles at the molecular level in
a living system. These transition elements are known to form Schiff base com-
plexes[27, 139].

In fact metal Schiff base complexes have been known since the mid-nineteenth
century and even before the general preparation of Schiff base ligand themselves.
Metal complexes of Schiff bases have occupied a central place in the develop-
ment of coordination chemistry after the work of Jorgenson and Werner[3].

Effect of complexation on biological activity:

The metallo-element which are present in trace and ultra trace quantities, play
vital roles at the molecular level in a living system. In a healthy body of an adult, the
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trace and ultra trace elements weight less than 10 grams in total but life depends
upon these elements for more than this figure. The transition metal ions are re-
sponsible for the proper functioning of different enzymes. If their concentration ex-
ceeds a certain level, then their toxic effect are evident. Drug play a vital role as
bioligands in the biological systems. Nitrogen containing bases, such as deriva-
tives of pyridine, pyrimidine, purine, and pyrrole, amine such as histamines, carbo-
hydrates such as pentose, glucose, and different vitamins such as ascorbic acid
are well recognized bioligands[131,132].

It has been found that the activity of biometals is attain through the formation of
complex with different bioligand and the thermodynamic and kinetic properties of
the complexes govern the mode of biological action. Sometimes, the permeability,
i.e., lipophilicity of drugs is increased through the formation of chelates in vivo and
the drug action is significantly increased due to much more effective penetration of
the drug into the site of action. The knowledge of drug action in vivo is extremely
important in designing more potential drugs. Recently J. A. Obaleye et al.[140]
have reported less toxic and more potential drug.

 It is worth mentioning that many drug substances, such as aspirin,
thiosemicarbazides, anticancer drug and antibiotics exhibit the drug action through
the complexation with the available bio-metals in vivo. In absolutely metal free con-
dition they are inactive. Copper metabolism is somehow related with the rheuma-
toid arthritis. In case of diabetes, chromium metabolism has an important role to
play. A number of diseases and their remedies are dependent on the metabolism
of inorganic constituent[26,140].

In the virus replication process, the role of metal ions is extremely important. A
virus can penetrate into the host’s cell only when it is mediated by some suitable
metal ions. For example, zinc present in the cell wall of the bacterium E.coli can
coordinate with the sulphur site present in the virus coating. By using any suitable
metal complex like Cd(CN)3 which can preferably bind with ‘S’ site as Virus-(S)-
Cd(CN)3. the penetration of the viral DNA into the host cell can be arrested. As a
matter of fact, for virus replication, copper and zinc are essentially required, hence
by increasing or decreasing their concentration, virus growth may be controlled
[141-143].

Interaction of various metal ions with antibiotic may enhance or suppress their
antimicrobial activity but usually in many cases the pharmacological activity of an-
tibiotics after complexation with metal is enhanced as compared to that of free
ligands[144]. Many of the well known antibiotics, penicillin, streptomycin, bacitra-
cin, tetracycline etc. are chelating agents, their action is improve by the presence
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of small amount of metal ions. Binding of metal-elements with polydentate ligand
to form ring structure, where the metal atom is part of the ring, is called chelation. In
chelates metal is firmly held by a number of ligand atoms usually, nitrogen, oxygen
or sulphur through co-ordinate covalent bonds. Some of the chelates are model
analogues of certain metalloenzymes. Furthermore some of the chelates develop
considerable fungicidal and antimicrobial activity. Chelate compounds obtained
from Schiff bases are convenient for the study of change in structure and associ-
ated biological activity, since varying a substitute in the metal rings permits varia-
tion in the three dimensional structure of the molecule. It has been demonstrated
through several studies that the biological activity of chelating compounds is en-
hanced on chelation with a metal atom[145]. El-ajaily et al.[146] have studied many
schiff base metal complexes which show good antimicrobial activity.

Some of the inactive ligand develops such properties upon chelation. The anti-
tumor and antibacterial activity of some Schiff bases has been attributed to their
ability to chelate with trace transition metals. Several explanations have been sug-
gested for this enhancement in activity of metal complexation. Generally it has been
observed that transition metal complexes have grater activity and less toxic effect.
Other examples where the antibacterial action of drug is enhanced by metal ions
are kojic acid and sodium dimethyl dithiocarbamates. Antibiotics like streptomy-
cin, cycloserin, tetracycline, ampicillin, isoniazide and others are known to have
chelating properties. Some antibiotics are delicately balanced so as to be able to
complete successfully with the metal binding agent of bacteria while not disturbing
the metal processing by the host. The chelating properties of antibiotics may be
used in metal transport across membrane or to attach the antibiotics to specific
site from which it can interfere with the growth of bacteria[147,148].

Qualitative and quantitative differences in biological activities have been ob-
served among metal chelates, differing in the metal ion or in the ligand. Metal che-
lates during chemical synthesis can be varied in size, charge distribution, stere-
ochemistry, redox potential and other physical properties.

Metallo-elements under investigation:

Human body contains seven major and twenty two trace elements. Trace ele-
ments play important structural, electrochemical and catalytic function in the body.
Their excess or deficiency may cause certain diseases. Transition metals exist in
biological systems as stable complexes. These complexes are able to undergo
ligand exchange with components of the biological systems[139].



26INTRODUCTION

REFERENCES

[1] A B P Lever; “Comprehensive Coordination Chemistry II” Vol. 1, Elsevier,
(2003).

[2] G F R Parkin; “Comprehensive Coordination Chemistry II” Vol. 3, Elsevier,
(2003).

[3] D. Banerjea; “Coordination chemistry”, Tata Mcgraw-Hill publishing com-
pany limited, (1990).

[4] Robert H. Crabtree; “The Organometallic Chemistry of The Transition Met-
als”, Fourth Ed., John Wiley & Sons, Inc., Publication, 2005

[5] Dian Chen and A. E. Martell; Inorg. Chem., 26, 1026-1030, (1987)
[6] Hans-Joachim Knolker; Chem. Soc. Rev., 28, 151–157, (1999)
[7] Rajpal Sharma, Ritu Bala, Rajni Sharma, Paloth Venugopalan; J. Coord.

Chem., 57(17–18), 1563–1569, (2004)
[8] Jian-zhang Li, Jia-qing Xie, Wei Zeng, Xiao-yao Wei, Bo Zhou, Xian-cheng

Zeng and Sheng-ying Qin; Transition Metal Chemistry, 29, 488–494, (2004).
[9] A.Z. Werner; Anorg. Chem., 3, 267, (1893)
[10] G.B. Kauffman; “Alfred Werner Founder of Co-ordination Theory”, Springer,

(1966)
[11] J. D. Lee; “Concise Inorganic Chemistry” 5th Ed., Blackwell Science Ltd.

(2007).
[12] F. Albert Cotton, Geoferey Wilkinson, Paul L. Gaus; “Basic Inorganic Chem-

istry” 3rd Ed., Wiley Publication Ltd. (2007).
[13] N.N.Das; “Symmetry and Group Theory for Chemists”, Asian Books Pvt.

Ltd., (2004).
[14] F. Albert Cotton; “Chemical Application of Group Theory”, 3rd Ed., John Wiley

& Sons. Inc., Wiley (INDIA), (2008).
[15] Ciuseppe Marcotrigiano; J. Coord. Chem., 7, 1-8, (1977).
[16] Daniel T. Haworth, Marcus F. Raab; Synth. React. Inorg. Met.-Org. Chem.,

19(8), 871-880, (1989)
[17] V.J.Patel; “Studies on Transition Metal Complexes” Thesis, Saurashtra Uni-

versity, (1994).
[18] Pin Yang, Jia Bin Li, Yan Ni Tian, Kai Bei Yu; Chinese Chemical Letters,

10(10), 879-880, (1999).
[19] B. S. Shyamala and V. Jayatyagaraju; Synthesis and Reactivity In Inorganic

And Metal-Organic Chemistry, 33(1), 63–75, (2003).
[20] A.B.P. Lever; “Comprehensive Coordination Chemistry II” Vol. 2, Elsevier,



27INTRODUCTION

(2003).
[21] G.Svehla; “Vogel’s Qualitative Inorganic Analysis”, 7th Ed., Pearson Educa-

tion, (2007).
[22] Geon-Joong Kim and Ji-Hoon Shin; Catalysis Letters, 63, 83–90, (1999).
[23] A. Garoufis, S. Kasselouri, C.A. Mitsopoulou, J. Sletten, C. Papadimitriou,

N. Hadjiliadis; Polyhedron, 18, 39 (1999)
[24] Christian Gerard, Hanane Chehhal, Michel Aplincourt; J. Chem. Research

(S), 90-91, (1999) and J. Chem. Research (M), 0471-0488, (1999)
[25] Jamil Al-Mustafa; Acta Chim. Slov., 49, 457-466, (2002)
[26] L. Que, Jr., W. B. Tolman; “Comprehensive Coordination Chemistry II” Vol.

8, Elsevier, (2003).
[27] Rosette M. Roat-Malone; “Bioinorganic Chemistry”, John Wiley & Sons,

Inc., Publication, (2002).
[28] Dieter Wohrle, Anatolii D. Pomogailo; “Metal Complexes and Metals in Mac-

romolecules”, WILEY-VCH, (2003).
[29] Lajos Balogh, Douglas R. Swanson, Donald A. Tomalia, Gary L. Hagnauer,

Albert T. McManus; Nano Lett., 1(1), 18-21, (2001)
[30] G.R. Chatwal and A.K. Bhagi; “Bioinorganic Chemistry”, Himalaya Publish-

ing House, (1998)
[31] Bertini, Gray, Lippard, Valentine; “Bioinorganic Chemistry”, Viva Books Pvt.

Ltd., (1998)
[32] Antonio C. Massabni, Pedro P. Corbi, Petr Melnikov, Marisa A. Zacharias,

Herciio R. Rechenberg; J. Coord. Chem., 57(14), 1225–1231, (2004)
[33] Vinod K. Sharma, Shipra Srivastava, Ankita Srivastava; Bioinorganic Chem-

istry and Applications, Article ID 68374, 1-10, (2007)
[34] Colin D. Hubbard, Rudi Van Eldik; Journal of Coordination Chemistry, 60(1),

1–51, (2007)
[35] S.S. Djebbar, B.O. Benali, J.P. Deloume; Polyhedron, 16, 2175-2182, (1997)
[36] P. Bhattacharyya, J. Parr, A. T. Ross; J. Chem. Soc. Dalton, 3149-3150,

(1998)
[37] L. He, S.H. Gou, Q.F. Shi; J. Chem. Crystallogr., 29, 207-210, (1999)
[38] J.C. Wu, N. Tang, W. S. Liu, M.Y. Tan, A. S. Chan; Chin. Chem. Lett., 12,

757-760, (2001)
[39] Hong Liang, Qing Yu, Rui-Xiang Hu, Zhong-Yuan Zhou, Xiang-Ge Zhou; Tran-

sition Metal Chemistry, 27, 454-457, (2002)
[40] Denys V. Shevchenko, Svitlana R. Petrusenko, Vladimir N. Kokozay, Brian

W. Skelton; J. Coord. Chem., 57(15), 1287-1298, (2004)



28INTRODUCTION

[41] A.A. Ahmed, S. A. BenGuzzi, A. A. EL-Hadi; Journal of Science and Its Ap-
plications, 1(1), 79-90, (2007)

[42] B.K. Rai; J. Ind. Council Chem., 25(2), 137-141, (2008)
[43] Rajeev Johari, Gajendra Kumar, Dharmedra Kumar, Shailendra Singh; J.

Ind. Council Chem., 26(1), 137-141, (2009)
[44] Rajesh Malhotra, Jyoti Mehta, Kiran Bala; IJSC, 1(2), 173-176, (2008)
[45] Yu-Xi Sun; Synthesis and Reactivity in Inorganic, Metal-Organic and Nano-

Metal Chemistry, 36, 621–625, (2006)
[46] M. Abdul Alim Al-Bari, Alam Khan, Bytul M. Rahman, M. Kudrat-E-Zahan, M.

Ashik Mossadik, M. Anwar Ul Islam; Research Journal of Agriculture and
Biological Sciences, 3(6), 599-604, (2007)

[47] G.G. Mohamed, M.M. Omar, A.M. Hindy; Turk. J. Chem., 30, 361-382 (2006)
[48] Z.H. Chohan, H. Pervez, A. Rauf, K.M. Khan, C.T. Supuran; J. Enzym Inhib.

Med. Ch., 21, 193–201, (2006).
[49] P.K. Panchal, H.M. Parekh, P.B. Pansuriya and M.N. Patel; J. Enzym Inhib.

Med. Ch., 21, 203–209, (2006)
[50] T.M.A. Ismail; J. Coord. Chem., 59, 255–270, (2006)
[51] H.M. Parekh, P.B. Pansuriya, M.N. Patel; Pol. J. Chem., 79, 1834–1851

(2005)
[52] E. Bayer; Ber. 90, 2325, (1975)
[53] R.W. Layer; Chem. Rev., 63, 489, (1963)
[54] F.P. Dwyer and D.P. Mellor; “Chelating Agents and Metal Chelates”, Aca-

demic Press, New York, (1962)
[55] B.U. West; “The Chemistry of Coordination Compounds of Schiff Bases in

New Pathways in Inorganic Chemistry”, Cambridge Univ. Press, (1968)
[56] H. Schiff; Ann. 153, 193, (1869)
[57] P. Pfeiffer, E. Buchulz and O. Bayer; J. Prakt. Chem., 129, 163, (1931)
[58] P. Pfeiffer and H. Thielert; Ber. Dent. Chem. Ges., 13, 119, (1938)
[59] P. Pfeiffer and H. Krebs; J. Prakt. Chem., 77, 155, (1946)
[60] P. Pfeiffer, W. Offerman and H. Werner; J. Prakt. Chem., 159, 313, (1942)
[61] R. M. Patil, S. R. Chaurasiya, Asian Journal of Chemistry, 20(6), 4615-4624,

(2008).
[62] Isola Mauro, Balzano Federica, Liuzzo Vincenzo, Marchetti Fabio, Raffaelli

Andrea, Barretta Gloria Uccello; European Journal of Inorganic Chemistry,
9, 1363-1375, (2008).

[63] B.K. Rai; J. Ind. Council Chem., 25(2), 137-141, (2008)
[64] Ismet Kaya, Ali Bilici, Murat Gul; Polym. Adv. Technol., 19, 1154-1163, (2008)



29INTRODUCTION

[65] R. Rajavel, M.S. Vadivu, C. Anitha; E-Journal of Chemistry, 5(3), 620-626,
(2008)

[66] M. Calvin and N. Berkelow; J. Amer. Chem. Soc., 68, 949, (1946)
[67] S.N. Dabhi, C.B. Dattani, M.K.Shah and J.H.Pandya*; IJSC, 2(1), 49-52,

(2009)
[68] Javed Iqbal, Syed Ahmad Tirmizi, Feroza Hamid Wattoo, Muhammad Imran,

Muhammad Hamid Sarwar Wattoo, Shahida Sharfuddin, Shoomaila Latif;
Turk. J. Biol., 30, 1-4, (2006)

[69] P. Viswanathamurthi, R. Karvembu, V. Tharaneeswaran, K. Natarajan; J.
Chem. Sci., 117(3), 235–238, (2005)

[70] Mehmet Tuncel and Selahattin Serin; Transition Metal Chemistry, 31, 805–
812, (2006)

[71] Tarek M. Ismail, Abdalla M. Khedr, Samy M. Abu-El-Wafa, Raafat M. Issa; J.
Coord. Chem., 57(14), 1179–1190, (2004)

[72] M. Sivasankaran Nair, S. Suda Kumari, M. A. Neelakantan; Journal of Co-
ordination Chemistry, 60(12), 1291–1302, (2007)

[73] M. Gaber, R.M. Issa; Thermochim. Acta,  155, 309-316, (1989).
[74] S. Pilar, V. Garcia, J.R. Masaguer; Transit. Met. Chem., 10, 410-412, (1985).
[75] Mehmet Tuncel, Selahattin Serin; Synthesis and Reactivity in Inorganic and

Metal-Organic Chemistry, 33(6), 985–998, (2003)
[76] Umesh K. Jetley, Bibhesh K. Singh, Bhagwan S. Garg, Parashuram Mishra;

Journal of Coordination Chemistry, 60(20), 2243–2255, (2007)
[77] A.D. Garnovskii, B.I. Kharisov; Synthetic Coordination and Organometallic

Chemistry, Marcel Dekker, New York, (2003)
[78] A.D. Garnovskii, I.S. Vasilchenko; Russ.Chem.Rev., 71, 943, (2002).
[79] R. Selwin Joseyphus, C. Justin Dhanaraj, M. Sivasankaran Nair; Transi-

tion Metal Chemistry, 31, 699–702 (2006).
[80] J. H. Pandya and M. K. Shah; IJSC, 1(2), 133-136, (2008)
[81] R. Paschke, S. Liebsch, C. Tschierske, M. A. Oakley, E. Sinn; Inorg. Chem.,

42, 8230–8240, (2003)
[82] Z. Lu, M. Yuan, F. Pan, S. Gao, D. Zhang, D. Zhu; Inorg. Chem., 45, 3538–

3548, (2006)
[83] Z.L. You, D.H. Shi, H.L. Zhu; Inorg. Chem. Commun., 9, 642–644, (2006)
[84] W. Zeng, J. Li, Z. Mao, Z. Hong. S. Qin; Advcd. Synth. Catalysis, 346, 1385

(2004).
[85] Xishi Tai, Xianhong Yin, Qiang Chen and Minyu Tan; Molecules, 8, 439-443,

(2003).



30INTRODUCTION

[86] Javed Iqbal, Syed Ahmad Tirmizi, Feroza Hamid Wattoo, Muhammad Imran,
Muhammad Hamid Sarwar Wattoo, Shahida Sharfuddin, Shoomaila Latif;
Turk. J. Biol., 30, 1-4, (2006).

[87] A.D. Garnovskii, I.S. Vasilchenko; Russ. Chem. Rev., 71, 943, (2002).
[88] G.H. Olie and S. Olive, “The Chemistry of the Catalyzes Hydrogenation of

Carbon Monoxide”, Springer, Berlin, (1978)
[89] K.Maruyama, K.Kubo, Y.Toda, K.Kawasa, T.Mashino, A.Nishinaga; Tetra-

hedron Lett., 36, 5609 (1995).
[90] T.Nakamura, K.Niwa, M.Fujiwara, T.Matsushita; Chem.Lett., 1067 (1999).
[91] C. Comuzzi, A. Melchior, P. Polese, R. Portanova, M. Tolazzi; Eur. J. Inorg.

Chem., 8, 2194, (2002)
[92] Itaru Nakamura and Yoshinori Yamamoto; Chem. Rev., 104, 2127-2198,

(2004)
[93] Feliu Maseras And Agustí Lledos; “Computational Modeling Of Homoge-

neous Catalysis”, Kluwer Academic Publishers, (2002)
[94] Q.W. Zhang, G.X. Wang; Acta Crystallogr. Sec E Struct. Rep. Online,

63:m652, (2007)
[95] L.H. Wang, L.Z. Li; Acta Crystallogr. Sec E Struct. Rep. Online, E63:m1217,

(2007)
[96] Z.L. You; Acta Crystallogr Sec E, Struct. Rep. Online, E62:m1097, (2006)
[97] Hong-Wei Lin; Synthesis and Reactivity in Inorganic, Metal-Organic and

Nano-Metal Chemistry, 37, 193–198, (2007)
[98] Ulrich Muller; “Inorganic Structural Chemistry”, John Wiley & Sons, Ltd. 2nd

Ed. (2006).
[99] G. Schwarzenbach; Helv. Chim. Acta, 35, 2344, (1952)
[100] J.G. Jones, J.B. Pols, J.C. Tomkinson, R.J.P. Williams; J. Chem. Soc., 2001,

(1958)
[101] A.E. Martell and M. Calvin; “Chemistry of the Metal Chelate Compounds”,

Prentice Hall, Inc., Engle Wood N.J. C’liffers (1952)
[102] H. Irving and H.S. Rosotti; Acta Chem. Scand, 10, 72, (1956)
[103] W. D. Johnstom, H. Freiser; Anal. Chim. Acta, 11, 201, (1954)
[104] P. Balsolo, R.K. Murmann, J. Amer. Chem. Soc., 74, 5243, (1952), 211,

(1954), 76, 956, (1954)
[105] F.J.C. Rossotti, and H. Rossotti; “The Determination of Stability Constant”,

McGraw-Hill, New York, (1961)
[106] S.D. Christian; J. Chem. Edu., 45, 713, (1968)
[107] F. Albert Cotton and Geoferey Wilkinson; “Advance Inorganic Chemistry”,



31INTRODUCTION

3rd Ed., Wiley Eastern Ltd., (1972).
[108] A. Singh and R. Singh; “Text book of Inorganic Chemistry”, Campus Books,

(2006).
[109] Georg Brauer; “Handbook of preparative Inorganic Chemitry”, 2nd Ed., Aca-

demic Press, (1963).
[110] C.E. Housecroft and H.E. Sharpe; “Inorganic Chemistry, 3rd Ed.”, Pearson

Publication Ltd., (2006)
[111] D.E. Fenton; “Comprehensive Coordination Chemistry II” Vol. 6, Elsevier,

(2003).
[112] D.P. Mellor and L.E. Maley; Nature, 159, 370, (1947), 161, 436, (1947)
[113] H. Irving and R.J.P. Williams; Nature, 162, 746, (1948), J. Chem. Soc., 3192,

(1953)
[114] Mark J. Winter; “Chemical Bonding”, Oxford Science Publication, (2005)
[115] R.S. Joseyphus, C.J. Dhanaraj, M.S. Nair; Transition Metal Chemistry, 31,

699-702, (2006)
[116] C.D. Hubbard and R. Van Eldik; Review article, Journal of Coordination

Chemistry, 60(1), 1–51, (2007).
[117] G. svehla; “Vogel’s Text book of Macro and Semimicro Qualitative Inorganic

Analysis” 5th ed., Longman, (1979)
[118] D. Wohrle, A.D. Pomogailo; “Metal Complexes and Metals in Macromol-

ecules- Synthesis, Structure and Properties”, WILEY-VCH GmbH & Co.,
(2003)

[119] Azza A. A. Abu-Hussen; Journal of Coordination Chemistry, 59(2), 157–
176, (2006).

[120] B.S. Shyamala and V. Jayatyagaraju; Synthesis and Reactivity in Inorganic
and Metal-Organic Chemistry, 33(1), 63–75, (2003).

[121] Raman Gunjan and A.K. Ghosh; J. Ind. Council Chem., 25(1), 26-28, (2008).
[122] Leon N. Klatt And David R. Lewis; Analytical Letters, 4(6), 363-370, (1971).
[123] Syed Ashfaq Nabi and Mu. Naushad; International Journal of Synthesis and

Characterization, 1(1), 81-88, (2008).
[124] R.L. Dutta and A. Syamal; “Elements of Magneto-Chemistry”, 2nd Ed., Affili-

ated East-West Press Pvt. Ltd., (1993).
[125] Jag Mohan; “Organic Spectroscopy” 2nd Ed. Narosa Pubishing House, (2004)
[126] James W. Dodd and Kenneth H. Tonge; “Thermal methods”, Wiley India,

(2008).
[127] Edwin D. Becker; “High Resolution NMR Theory and Chemical Applica-

tions” 3rd Ed., Academic Press, (2000)



32INTRODUCTION

[128] Barbara Stuart; “Infrared Spectroscopy- Fundamental and Application” Wiley,
(2004)

[129] M. R. Prathapachandra Kurup, S. V. Chandra and K. Muraleedharan; Jour-
nal of Thermal Analysis and Calorimetry, 61, 909-914, (2000).

[130] Fmiza Hammer; “Inorganic Spectroscopy and Related Topics”, Sarup &
Sons, (2008)

[131] Patricia C. Babbitt and John A. Gerlt; “Understanding Enzyme Super Fami-
lies”, the Journal of Biological Chemistry, 272(49), 30591–30594, (1997)

[132] Angelique Y. Louie and Thomas J. Meade; “Metal Complexes as Enzyme
Inhibitors”, Chem. Rev., 99, 2711-2734, (1999)

[133] P.K. Mascharak; Coord. Chem. Rev., 225, 201, (2002)
[134] J.G. Muller, L.A. Kayser, S.J. Paikoff, V. Duarte, N. Tang, R.J. Perez, S.E.

Rokita, C. Burrows; J. Coord. Chem. Rev., 185, 761, (1999)
[135] D.P. Kessissoglou; Coord. Chem. Rev., 185, 837, (1999)
[136] J.W. Pyrz, A.L. Roe, L.J. Stern, L. Que; J. Am. Chem. Soc., 107, 614, (1985)
[137] V.E. Kaasjager, L. Puglisi, E. Bouwman, W.L. Driessen, J. Reedijk; Inorg.

Chim. Acta., 310, 183, (2000)
[138] M. P. Sathisha, V. K. Revankar, K. S. R. Pai; Hindawi Publishing Corpora-

tion, Article ID 362105, 11 pages, (2008)
[139] Bertini, Gray, Lippard and Valentine; “Bioinorganic Chemistry”, Viva Books

Pvt. Ltd., (1998).
[140] M.M. Ghoneim, E.M. Mabrouk, A.M. Hassanein, M.A. El-Attar, E. A. Hesham;

Central European Journal of Chemistry, 5(3), 898–911, (2007).
[141] J. A. Obaleye, C. A. Akinremi, E. A. Balogun, J. O. Adebayo; African Journal

of Biotechnology, 6 (24), 2826-2832, (2007)
[142] (a) P.J. Ferguson, E.M. Kurowska, D.J. Freeman; Nutr. Cancer, 56, 86-94,

(2006)
(b) G.S. Sim, B.C. Lee, H.S. Cho; Arch. Pharmacol. Res., 30, 290-298,
(2007)

[143] S.A.B. Van Acker, G.P. van Balen, D.J. van den Berg, A. Bast, Biochem.
Pharmacol., 56, 935-943, (1998)

[144] A. Kriza, C. Spýnu, M. Pleniceanu; J. Indian Chem. Soc., 77, 83, (2000)
[145] N. Raman, J. Dhaveethu Raja, A. Sakthivel; J. Chem. Sci., 119(4), 303–

310, (2007)
[146] (a) M.M. El-ajaily, S. Ben-Gweirif, A.A. Maihub, A.N. El-tajoury;Science and

its Application Journal, 1, 196-210, (2005)
(b) M.M. El-ajaily, A.A. Maihub, S.S. Hudere, S.M. Ben Saber; Asian Jour-



33INTRODUCTION

nal of Chemistry Society, 18(4), 2427- 2430, (2006)
[147] Ling Zhang, Ning Tang; Synthesis and Reactivity in Inorganic, Metal-Organic

and Nano-Metal Chemistry, 37, 185–188, (2007)
[148] C. Spinu, M. Pleniceanu and C. Tigae; J. Serb. Chem. Soc., 73(4), 415-

421, (2008).



34EXPERIMENTAL

PART - II

EXPERIMENTAL



35EXPERIMENTAL

CHAPTER – 1

SYNTHESIS AND CHARACTERIZATION OF LIGAND

CHAPTER – 2

SYNTHESIS AND CHARACTERIZATION OF METAL

CHELATES

CHAPTER – 3

SYNTHESIS AND CHARACTERIZATION OF MIXED

LIGAND METAL COMPLEXES

CHAPTER – 4

BIOLOGICAL EVALUATION OF LIGANDS AND METAL

CHELATES



36SYNTHESIS AND CHARECTERIZATION OF  LIGANDS

CHAPTER 1

SYNTHESIS AND CHARACTERIZATION
OF LIGANDS

1.1 Introduction
1.2 Reaction Scheme
1.3 Experimental
1.4 Physical Data Table
1.5 Spectral Study
1.6 Spectral Characterization of Ligand
1.7 Spectra
1.8 References



37SYNTHESIS AND CHARECTERIZATION OF  LIGANDS

1.1 INTRODUCTION

The Chemistry of Resorcinol:

In the present study Schiff base ligand H2L derived from condensation of 4,6-
diacetyl resorcinol with various amines viz. 4-chloro anline, 4-fluoro aniline, 4-iodo
aniline, 4-bromo aniline, 4-methyl aniline, 4-methoxy aniline, 2,4-dichloro aniline,
2,4-difluoro aniline, 2,4-methyl aniline, 2-nitro-4-methoxy aniline have been synthe-
sized and studied for their biological activity.

Resorcinol and its derivatives have a wide variety of applications. The largest
consumption of resorcinol is in tyre industry, where the preferred hardening resins
are based on resorcinol[149,150]. Another value-added application of resorcinol
and its derivatives is in cosmetic products.

Gadgil et al. [151] have introduced that some compounds like 2,4-dihydroxy
acetophenone have been used in sun protective applications or compositions for
providing sun protection. N.G. Bollinger et al. [152] have found derivatives of resor-
cinol as inflammation inhibitors. S.K. Gupta [153] have reported Resacetophenone
as matrix metalloprotease inhibitors and their application in cosmetic and phar-
maceutical compositions.

Alkyl resorcinol and aromatic resorcinol are reported to possess valuable thera-
peutic and antiseptic properties. In particular, 4-alkyl resorcinol is reported to have
skin beautifying effect and low toxicity and irritation when applied on to human
skin[154,155]. Alkyl resorcinol like 4-n-butyl resorcinol have been used in skin
creams and lotions which are claimed to have good bleaching and antimicrobial
effect. 2-alkyl resorcinol (where the alkyl group is linear) has been reported to have
skin depigmentation properties[151,152].

A process for the preparation of disubstituted derivatives of resorcinol in which
the two substituting groups (which may be alkyl or aralkyl) are unlike[89-91]. The
process steps include reaction of resorcinol with an acid, acid chloride or acid
anhydride of the aliphatic or aromatic series in the presence of a condensing agent
like zinc chloride to prepare mono-ketone derivatives[156].

Recently J. H. Pandya and M.K.Shah[80] have synthesized monoketone de-
rivatives from resorcinol.

The mono-ketone derivatives is further reacted with an acid, acid chloride or
acid anhydride of the aliphatic or aromatic series, containing a radical different from
the substituting radical already present in the resorcinol derivatives in the presence
of zinc chloride or other suitable condensing agent to form a diketone derivative.

Anon[157] have introduced novel process and Intermediates of 2-substituted
4,6 diacetyl resorcinols.
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C.Lakshmi et al.[158] have synthesized some 5-acyl-2,4-dihydroxybenzoketones
derivatives. Asoke Banerji and G.P.Kalena[159] have introduced heterocycles from
diacetyl phenols. U. Muralikrishna et al.[160] have prepared resdiactophenone
dioxime. A.S.R. Anjaneyulu and B. Meher Isaa[161] have reported thermal and
catalytic claisen rearrangement of 4,6-diactyl resorcinol. M.K. Kokila et al.[162]
have reported the structure of 4,6-diactyl resorcinol. S.S. Ibrahim et al.[163] have
synthesized benzopyrans from 2-bromo-4,6-diacetyl resorcinol. Junji Kawachi et
al.[164] have prepared 4,6-diamino resorcinol. A.I. El-Shenawy[165] have intro-
duced new heterocyclic compounds from 4,6-diacetyl resorcinol. Chun-Yan Zhang
et al. [166] have introduced new method for synthesis of DAR.2HCl. Kim Ji Hoon
et al.[167] have reported conventional microwave-induced, and photochemical Fries
rearrangement of resorcinol diacetate.

The Chemistry of Schiff base ligand:

Numerous Schiff bases of 4,6-diacetyl resorcinol and their transition metal com-
plexes have been investigated by various techniques for different purposes. Schiff-
base metal complexes have been widely studied because they have industrial,
antifungal and biological applications.

Recently J.H.Pandya and K.J.Ganatra[168] have reported biological evalua-
tion of Schiff base metal complexes derived from 4,6-diacetyl resorcinol. B.S.
Shyamala and V. Jayatyagaraju[169] have reported divalent nickel and copper
complexes derived from 2,4-dihydroxy-5-acetyl acetophenone. J.T. Makode and
A.S. Aswar[170] have synthesized transition metal complexes of bis(s-
methyldithiocarbazate)resdiacetophenone. Reddy Y. Thirupathi et al.[171] have
synthesized 3,5-dialkyl-6-acyl-1H-furo[3,2-f]indazoles as antimicrobial agents.

They serve as models for biologically important species and find applications
in biomimetic catalytic reactions. Chelating ligands containing O and N donor at-
oms show broad biological activity and are of special interest because of the vari-
ety of ways in which they are bonded to metal ions. The presence of transition
metals in human blood plasma indicates their importance in the mechanism for
accumulation, storage and transport of transition metals in living organisms. Tran-
sition metals play a key role in biological systems such as cell division, respiration,
nitrogen fixation and photosynthesis. Also Schiff bases and their complexes in
aqueous solutions have been studied because of their interesting and important
properties[172-180].
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REACTION SCHEME

1.2 REACTION SCHEME

The synthetic route to Schiff base ligands 4,6-bis(1-(4-substituted phenylimino)
ethyl)benzene-1,3-diol and 4,6-bis(1-(2,4-disubstitutedphenylimino) ethyl)benzene-
1,3-diol is as follows.
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1.3 EXPERIMENTAL

The synthesis of ligands have been divided in two parts. In part I 4,6-diacetyl
resorcinol has been coupled with p-substituted anilines with fluoro, chloro, iodo,
bromo methyl and methoxy as the substituents, and in part II 4,6-diacetyl resorcinol
has been coupled with 2,4-disubstituted anilines with fluoro, chloro, methyl and
nitro-methxy as the substituents.

PART-I: 4,6 Diacetyl resorcinol + p-substituted anilines

The following mentioned ligands have been synthesized.
(I) DAR : 4,6 diacetyl resorcinol OR 2,4-Dihydroxy-5-acetylacetophenone
(II) H2L1 : 4,6-bis(1-(4-chlorophenylimino)ethyl)benzene-1,3-diol
(III) H2L2 : 4,6-bis(1-(4-fluorophenylimino)ethyl)benzene-1,3-diol
(IV) H2L3 : 4,6-bis(1-(4-iodophenylimino)ethyl)benzene-1,3-diol
(V) H2L4 : 4,6-bis(1-(4-bromophenylimino)ethyl)benzene-1,3-diol
(VI) H2L5 : 4,6-bis(1-(p-tolylimino)ethyl)benzene-1,3-diol
(VII) H2L6 : 4,6-bis(1-(4-methoxyphenylimino)ethyl)benzene-1,3-diol

(I) DAR: Synthesis of 4,6 Diactyl resorcinol OR 2,4-Dihydroxy-
5-acetylacetophenone

A mixture of acetic anhydride (9.28 g, 91.0 mmol) and freshly fused zinc chlo-
ride (10.0 g) was stirred under reflux until all zinc chloride dissolved in it. To this
was added resorcinol (5.00 g, 45.5 mmol) portion-wise over a period of 10 min-
utes. The reaction mixture continuously stirred under the reflux at 140°C in paraffin
bath for 20 minutes. At the end of this period, the reaction mass was cooled and
quenched carefully with 1:1 HCl solution over a period of 30 minutes. The precipi-
tated solid was found to be produced in 82% yield[181].
The Melting Point is 178°C, The Molecular Weight is 194.18

(II) H2L1: Synthesis of 4,6-bis(1-(4-chlorophenylimino)ethyl)benzene-
1,3-diols

The Schiff base, H2L1 Ligand was synthesized by adding DAR(4.85 g, 25.0
mmol) dissolved in hot absolute EtOH (20 cm3) to 4-chloroaniline(6.37 g, 50.0 mmol)
in absolute EtOH (20 cm3). The reaction mixture was refluxed for 3 h. The product
obtained was filtered off and washed several times with a few amount of EtOH
then ether and air dried. The product was kept in desiccators until used. Recrystal-
lization was carried out in EtOH. The progress of reaction was monitered by TLC.
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Yield obtained-75%, Melting point- 170°C (Decompose)

(III) H2L2: Synthesis of 4,6-bis(1-(4-fluorophenylimino)ethyl)benzene-
1,3-diols

The Schiff base, H2L2 Ligand was synthesized by adding DAR(4.85 g, 25.0
mmol) dissolved in hot absolute EtOH (20 cm3) to 4-flouroaniline(5.55 g, 50.0 mmol)
in absolute EtOH (20 cm3). The reaction mixture was refluxed for 3 h. The product
obtained was filtered off and washed several times with a few amount of EtOH
then ether and air dried. The product was kept in desiccators until used. Recrystal-
lization was carried out in EtOH. The progress of reaction was monitered by TLC.
Yield obtained- 82%, Melting point- 210°C

(IV) H2L3: Synthesis of 4,6-bis(1-(4-iodophenylimino)ethyl)benzene-
1,3-diols

The Schiff base, H2L3 Ligand was synthesized by adding DAR (4.85 g, 25.0
mmol) dissolved in hot absolute EtOH (20 cm3) to 4-Iodoaniline (10.9 g, 50.0 mmol)
in absolute EtOH (20 cm3). The reaction mixture was refluxed for 3 h. The product
obtained was filtered off and washed several times with a few amount of EtOH
then ether and air dried. The product was kept in desiccators until used. Recrystal-
lization was carried out in EtOH. The progress of reaction was monitered by TLC.
Yield obtained- 76%, Melting point- 180°C

(V) H2L4: Synthesis of 4,6-bis(1-(4-bromophenylimino)ethyl)benzene-
1,3-diols

The Schiff base, H2L4 Ligand was synthesized by adding DAR (4.85 g, 25.0
mmol) dissolved in hot absolute EtOH (20 cm3) to 4-bromoaniline (8.6 g, 50.0 mmol),
in absolute EtOH (20 cm3). The reaction mixture was refluxed for 3 h. The product
obtained was filtered off and washed several times with a few amount of EtOH
then ether and air dried. The product was kept in desiccators until used. Recrystal-
lization was carried out in EtOH. The progress of reaction was monitered by TLC.
Yield obtained- 80%, Melting point- 195°C

(VI) H2L5: Synthesis of 4,6-bis(1-(p-tolylimino)ethyl)benzene-1,3-diols

The Schiff base, H2L5 Ligand was synthesized by adding DAR(4.85 g, 25.0
mmol) dissolved in hot absolute EtOH(20 cm3) to 4-methylaniline(5.35 g, 50.0 mmol)
in absolute EtOH (20 cm3). The reaction mixture was refluxed for 3 h. The product
obtained was filtered off and washed several times with a few amount of EtOH
then ether and air dried. The product was kept in desiccators until used. Recrystal-
lization was carried out in EtOH. The progress of reaction was monitered by TLC.
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Yield obtained- 78%, Melting point- 190°C

(VII) H2L6: Synthesis of 4,6-bis(1-(4-methoxyphenylimino)ethyl)benzene-
1,3-diol

The Schiff base, H2L6 Ligand was synthesized by adding DAR(4.85g, 25.0 mmol)
dissolved in hot absolute EtOH (20 cm3) to 4-methoxyaniline(6.15 g, 50.0 mmol) in
absolute EtOH (20 cm3). The reaction mixture was refluxed for 3 h. The product
obtained was filtered off and washed several times with a few amount of EtOH
then ether and air dried. The product was kept in desiccators until used. Recrystal-
lization was carried out in EtOH. The progress of reaction was monitered by TLC.
Yield obtained- 81%, Melting point- 203°C

PART-II: 4,6 Diacetyl resorcinol + 2,4 di-substituted anilines

The following mentioned ligands have been synthesized.
(VIII) H2L7 : 4,6-bis(1-(2,4-dichlorophenylimino)ethyl)benzene-1,3-diol
(IX) H2L8 : 4,6-bis(1-(2,4-difluorophenylimino)ethyl)benzene-1,3-diol
(X) H2L9 : 4,6-bis(1-(2,4-dimethylphenylimino)ethyl)benzene-1,3-diol
(XI) H2L10 : 4,6-bis(1-(4-methoxy-2-nitrophenylimino)ethyl)benzene-1,3-diol

(VIII) H2L7: Synthesis of 4,6-bis(1-(2,4-dichlorophenylimino)ethyl)benzene-
1,3-diol

The Schiff base, H2L7 Ligand was synthesized by adding DAR(4.85g, 25.0 mmol)
dissolved in hot absolute EtOH (20 cm3) to 2,4-dichloroaniline(8.10 g, 50.0 mmol)
in absolute EtOH (20 cm3). The reaction mixture was refluxed for 3 h. The product
obtained was filtered off and washed several times with a few amount of EtOH
then ether and air dried. The product was kept in desiccators until used. Recrystal-
lization was carried out in EtOH. The progress of reaction was monitered by TLC.
Yield obtained- 73%, Melting point- 175°C (Decompose)

(IX) H2L8: Synthesis of 4,6-bis(1-(2,4-difluorophenylimino)ethyl)benzene-
1,3-diol

The Schiff base, H2L8 Ligand was synthesized by adding DAR(4.85g, 25.0 mmol)
dissolved in hot absolute EtOH (20 cm3) to 2,4-difluoroaniline(6.45 g, 50.0 mmol)
in absolute EtOH (20 cm3). The reaction mixture was refluxed for 3 h. The product
obtained was filtered off and washed several times with a few amount of EtOH
then ether and air dried. The product was kept in desiccators until used. Recrystal-
lization was carried out in EtOH. The progress of reaction was monitered by TLC.
Yield obtained- 80%, Melting point- 213°C
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(X) H2L9: Synthesis of 4,6-bis(1-(2,4-dimethylphenylimino)ethyl)benzene-
1,3-diol

The Schiff base, H2L9 Ligand was synthesized by adding DAR(4.85g, 25.0 mmol)
dissolved in hot absolute EtOH (20 cm3) to 2,4-dimethylaniline(6.5 g, 50.0 mmol)
in absolute EtOH (20 cm3). The reaction mixture was refluxed for 3 h. The product
obtained was filtered off and washed several times with a few amount of EtOH
then ether and air dried. The product was kept in desiccators until used. Recrystal-
lization was carried out in EtOH. The progress of reaction was monitered by TLC.
Yield obtained- 78%, Melting point- 195°C

(XI) H2L10: Synthesis of 4,6-bis(1-(4-methoxy-2-nitrophenylimino)ethyl)
benzene -1,3-diol

The Schiff base, H2L10 Ligand was synthesized by adding DAR(4.85g, 25.0
mmol) dissolved in hot absolute EtOH(20cm3) to 2-nitro-4-methoxyaniline(8.40g,
50.0 mmol) in absolute EtOH (20cm3). The reaction mixture was refluxed for 3 h.
The product obtained was filtered off and washed several times with a few amount
of EtOH then ether and air dried. The product was kept in desiccators until used.
Recrystallization was carried out in EtOH. The progress of reaction was monitered
by TLC. Yield obtained- 72%, Melting point- 201°C
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1.4 PHYSICAL DATA TABLE

TABLE-1.4.1: THE ANALYTICAL AND PHYSICAL DATA OF THE LIGANDS

Ligand 
Molecular 
Formula 

Molecular 
Weight 

Color 
Yield 
(%) 

Melting 
point (°C) 

1. DAR C10H10O4 194.18 Brown 82% 178 

2. H2L1 C22H18Cl2N2O2 413.3 
Reddish 

brown 
75% 170 

3. H2L2 C22H18F2N2O2 380.39 
Reddish 

brown 
82% 210 

4. H2L3 C22H18I2N2O2 596.2 Purple 76% 180 

5. H2L4 C22H18Br2N2O2 502.2 
Reddish 

brown 
80% 195 

6. H2L5 C24H24N2O2 372.46 
Reddish 

brown 
78% 190 

7. H2L6 C24H24N2O4 404.46 Brown 81% 200 

8. H2L7 C22H16Cl4N2O2 482.19 Brown 73% 175 

9. H2L8 C22H16F4N2O2 416.37 
Reddish 

Brown 
80% 213 

10. H2L9 C26H28N2O2 400.51 Brown 78% 195 

11. H2L10 C24H22N4O8 494.45 Orange 72% 201 
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1.5 SPECTRAL STUDY

IR spectra (4000-400 cm-1) of the ligands were obtained using KBr discs, on a
8400 FTIR SHIMADZU spectrometer. 1H NMR spectra of the ligand and its com-
plexes, in DMSO-d6, were recorded on a BRUKER AVANCE II 400 Spectrometer
at room temperature using TMS as internal standard. Mass spectra were recorded
at QP 2010 SHIMADZU GCMS spectrometer.

1.5.1 Infra Red Spectra

Infra Red spectra of ligands were taken on SHIMADZU 8400 FT-IR-435 Spec-
trometer using KBr Pellet method. The IR spectra of the ligands, DAR, H2L1, H2L2,
H2L3, H2L4, H2L5, H2L6, H2L7, H2L8, H2L9, H2L10 and its precursors are shown in
figure-1.1, 1.2 & 1.3.

The IR spectra are consistent with the formation of H2L ligands. The vibrational
assignments were aided by comparison with the vibrational frequencies of the
related compounds, such as, the Schiff bases of salicylaldehyde and
resacetophenone[182,183]. The fundamental stretching mode of the azomethine
moiety, ν(–C=N–), is readily assigned by comparison with the infrared spectra of
4,6-diacetylresorcinol (DAR), and substituted amines. The intense band at 1620-
1612 cm-1 for the ligands are assigned to the –C=N– stretching frequency and is
characterized for the azomethine moiety of most Schiff base compounds. In the
infrared spectrum of the H2L ligand, the absorption band of the C=O group in the
4,6-diacetylresorcinol disappeared, which indicates that the condensation has
occurred. The IR spectrum of the ligand shows a broad band at 3500-3200 cm-1

due to the stretching vibration of phenolic hydroxyl group, the broadness is due to
intermolecular hydrogen bonding between the phenolic groups and the azomethine
groups[184,185].

1.5.2 NMR Spectra:
1H NMR spectra of ligands were recorded on Bruker Avance II 400 MHz FT-

NMR Spectrometer using TMS (Tetramethyl Silane) as an internal standard and
DMSO-d6 as a solvent.

The 1H NMR spectrum of DAR and H2L in DMSO-d6 showed signals at δ (ppm)
2.1 (6H, CH3), 12.92 (2H, OH-phenolic), 6.36 - 7.64 (m ArH) and 2.35 (3H, CH3).
The difference observed in these values may be due to expected H-bonding be-
tween the hydrogen atoms of the –OH groups and the azomethine nitrogen atoms
[186,187]. The values of proton are given in figure 1.4, 1.5 & 1.6.
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DAR Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.63 (6H) S -COCH3  
(x 2) 

Hb-c 
6.41-8.20 

(2H) S Ar-H 

OHHO

C C OO

CH3
CH3

a a

d

b

cd

 Hd 12.92 (2H) S -OH (x 2) 

1.5.3 Mass spectra:

The mass spectrum of compounds was recorded by GCMS-QP2010 spec-
trometer (EI method). The mass spectrum of compounds was obtained by positive
chemical ionization mass spectrometry. The molecular ion peak and the base peak
in all compounds were clearly obtained in mass spectrum study. The molecular ion
peak (M+) values are in good agreement with molecular formula of all the com-
pounds synthesized[188,189].(Figure-1.7-1.11)

1.6 SPECTRAL CHARACTERIZATION OF LIGAND

(I) DAR: 4,6 Diactyl resorcinol

IR (KBr) cm-1: 3510 (-OH aromatic), 1658 (-C=O of COCH3), 3078 (Ar C-H), 2920
(C-H of CH3), 1600, 1550, 1489, 1450 (Ar -C=C- ring skeletal), 1180 (C-O of -OH),
1050 (C-C), 840 (O=C-C)

(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

Mass [m/e (%)], M. Wt.: 194, 179, 161, 147, 133, 123, 105, 95, 77, 69, 43.

(II) H2L1: 4,6-bis(1-(4-chlorophenylimino)ethyl)benzene-1,3-diols

IR (KBr) cm-1: 3300 (-OH aromatic), 1600 (-C=N-), 3050 (Ar C-H), 2950 (C-H of
CH3), 1500, 1450, 1400 (Ar -C=C- ring skeletal), 1250 (C-O of -OH), 850 (C-H
bending for p-sub.)

(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

H2L1 Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.16 (6H) S -CH3 (x 2) 

Hb-e 
6.59-7.94 

(10H) S & dd Ar-H 

OHHO

C C NN
CH3

H3C(a)

Cl

(a)

Cl

(b)

(c)

(d)(d)(d)(d)

(e)(e)(e)(e)

(f)(f)

 
Hf 12.66 (2H) S -OH (x 2) 
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Mass [m/e (%)], M. Wt.: 414, 377, 301,287, 275, 260, 228, 194, 179, 161, 147,
133, 123, 105, 95, 77, 69, 43.

(III) H2L2: 4,6-bis(1-(4-fluorophenylimino)ethyl)benzene-1,3-diols

IR (KBr) cm-1: 3360 (-OH aromatic), 1610 (-C=N-), 3030 (Ar C-H), 2950 (C-H of
CH3), 1480, 1430, 1390 (Ar -C=C- ring skeletal), 1250 (C-O of -OH), 830 (C-H
bending for p-sub. benzene)

(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

H2L2 Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.10 (6H) S -CH3 (x 2) 

Hb-e 
6.89-7.36 

(10H) S & dd Ar-H 

OHHO

C C NN
CH3

H3C(a)

F

(a)

F

(b)

(c)

(d)(d)(d)(d)

(e)(e)(e)(e)

(f)(f)

 

Hf 12.38 (2H) S -OH (x 2) 

Mass [m/e (%)], M. Wt.: 380, 365, 287, 271, 254, 244, 226, 194, 176, 161, 148,
136, 122, 111, 95, 75, 69, 44.

(IV) H2L3: 4,6-bis(1-(4-iodophenylimino)ethyl)benzene-1,3-diols

IR (KBr) cm-1: 3320(-OH aromatic), 1608 (-C=N-), 3060 (Ar C-H), 2950 (C-H of
CH3), 1510, 1440, 1380 (Ar -C=C- ring skeletal), 1250 (C-O of -OH), 810 (C-H
bending for p-sub. benzene)

(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

H2L3 Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.15 (6H) S -CH3 (x 2) 

Hb-e 
6.60-7.40 

(10H) S & dd Ar-H 

OHHO

C C NN
CH3

H3C(a)

I

(a)

I

(b)

(c)

(d)(d)(d)(d)

(e)(e)(e)(e)

(f)(f)

 

Hf 12.20 (2H) S -OH (x 2) 

Mass [m/e (%)], M. Wt.: 596, 395, 380, 219, 194, 179, 161, 149, 125, 109, 92,
71, 57, 44.

(V) H2L4: 4,6-bis(1-(4-bromophenylimino)ethyl)benzene-1,3-diols
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IR (KBr) cm-1: 3400 (-OH aromatic), 1614 (-C=N-), 3080 (Ar C-H), 2980 (C-H of
CH3), 1530, 1470, 1420 (Ar -C=C- ring skeletal), 1250 (C-O of -OH), 870 (C-H
bending for p-sub. benzene).

(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

H2L4 Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.17 (6H) S -CH3 (x 2) 

Hb-e 
6.30-7.70 

(10H) S & dd Ar-H 

OHHO

C C NN
CH3

H3C(a)

Br

(a)

Br

(b)

(c)

(d)(d)(d)(d)

(e)(e)(e)(e)

(f)(f)

 

Hf 12.30 (2H) S -OH (x 2) 

Mass [m/e (%)], M. Wt.: 501, 421, 345, 331, 319, 286, 208, 194, 176, 161, 148,
136, 122, 111, 95, 75, 69, 44.

(VI) H2L5: 4,6-bis(1-(p-tolylimino)ethyl)benzene-1,3-diol

IR (KBr) cm-1: 3310 (-OH aromatic), 1600 (-C=N-), 3030 (Ar C-H), 2920 (C-H of
CH3), 1500, 1430, 1370 (Ar -C=C- ring skeletal), 1250 (C-O of -OH), 820 (C-H
bending for p-sub. benzene).

(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

H2L5 Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.13 (6H) S -CH3 (x 2) 

Hb-e 
6.98-7.73 

(10H) S & dd Ar-H 

Hf 12.30 (2H) S -OH (x 2) 

OHHO

C C NN
CH3

H3C(a)

CH3

(a)

CH3

(b)

(c)

(d)(d)(d)(d)

(e)(e)(e)(e)

(f)(f)

(g) (g)
 

Hg 2.58 (6H) S -CH3 (x 2) 

Mass [m/e (%)], M. Wt.: 372, 365, 287, 272, 254, 245, 226, 194, 176, 161, 148,
137, 111, 95, 81, 69, 41.

(VI) H2L6: 4,6-bis(1-(4-methoxyphenylimino)ethyl)benzene-1,3-diol

IR (KBr) cm-1: 3300 (-OH aromatic), 1607 (-C=N-), 3030 (Ar C-H), 2920 (C-H of
CH3), 1500, 1430, 1370 (Ar -C=C- ring skeletal), 1250 (C-O of -OH), 820 (C-H
bending for p-sub. benzene).
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(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

Mass [m/e (%)], M. Wt.: 480.8, 463.4, 420.4, 413.4, 389.4, 381.4, 353.3, 331.3,
314.1, 301.2, 281.2, 241.2, 214.2, 202.2, 174.2.

(IX) H2L8: 4,6-bis(1-(2,4-difluorophenylimino)ethyl)benzene-1,3-diol

IR (KBr) cm-1: 3330 (-OH aromatic), 1612 (-C=N-), 3050 (Ar C-H), 2930 (C-H of
CH3), 1510, 1460, 1430 (Ar -C=C- ring skeletal), 1265 (C-O of -OH).

(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

H2L6 Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.13 (6H) S -CH3 (x 2) 

Hb-e 
6.70-7.60 

(10H) S & dd Ar-H 

Hf 12.30 (2H) S -OH (x 2) 

OHHO

C C NN
CH3

H3C(a)

OCH3

(a)

OCH3

(b)

(c)

(d)(d)(d)(d)

(e)(e)(e)(e)

(f)(f)

(g) (g)

 
Hg 2.30 (6H) S -CH3 (x 2) 

Mass [m/e (%)], M. Wt.: 404, 389, 373, 299, 283, 266, 251, 238, 223, 194, 182,
160, 148, 132, 123, 108, 92, 77, 57, 44.

(VIII) H2L7: 4,6-bis(1-(2,4-dichlorophenylimino)ethyl)benzene-1,3-diol

IR (KBr) cm-1: 3340 (-OH aromatic), 1610 (-C=N-), 3050 (Ar C-H), 2930 (C-H of
CH3), 1500, 1450, 1400 (Ar -C=C- ring skeletal), 1250 (C-O of -OH).

(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

H2L7 Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.12 (6H) S -CH3 (x 2) 

Hb-e 
6.28-7.72 

(8H) S Ar-H 

OHHO

C C NN
CH3

H3C(a)

Cl

(a)

Cl

(b)

(c)

(d)(d)(d)(d)

(e)(e)

(f)(f)

Cl Cl

 

Hf 
12.84 
(2H) S -OH (x 2) 
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Mass [m/e (%)], M. Wt.: 416.11, 397.11, 379.12, 303.09, 289.09, 277.27, 262.06,
248.05, 231.05, 215.05, 197.06, 179.07, 161.06, 147.04, 133, 123, 105, 95, 77,
69, 43.

(X) H2L9: 4,6-bis(1-(2,4-dimethylphenylimino)ethyl)benzene-1,3-diol

IR (KBr) cm-1: 3310 (-OH aromatic), 1600 (-C=N-), 3030 (Ar C-H), 2920 (C-H of
CH3), 1500, 1430, 1370 (Ar -C=C- ring skeletal), 1250 (C-O of -OH)

(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

H2L9 Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.12 (6H) S -CH3 (x 2) 

Hb 2.32 (6H) S -CH3 (x 2) 

Hc 2.32 (6H) S -CH3 (x 2) 

Hd-g 
6.28-7.86 

(8H) S Ar-H 

OHHO

C C NN
CH3

H3C(a)

CH3

(a)

CH3

(b)

(c)

(d)
(h)

(e)

(f)

(g) (g)

H3C CH3

(b)

(c)

(g) (g)

(f)

(h)

 Hh 12.62 (2H) S -OH (x 2) 

Mass [m/e (%)], M. Wt.: 400, 385, 371, 298, 281, 263, 250, 234, 221, 194, 182,
160, 148, 132, 123, 108, 92, 77, 57, 44.

(XI) H2L10: 4,6-bis(1-(4-methoxy-2-nitrophenylimino)ethyl)benzene-1,3-diol

IR (KBr) cm-1: 3400 (-OH aromatic), 1606 (-C=N-), 3010 (Ar C-H), 2930 (C-H of
CH3), 1510, 1440, 1385 (Ar -C=C- ring skeletal), 1260 (C-O of -OH).

(1H NMR 400 MHz DMSO-d6, δδδδδ ppm):

H2L8 Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.20 (6H) S -CH3 (x 2) 

Hb-e 
6.34-7.80 

(8H) S Ar-H 

OHHO

C C NN
CH3

H3C(a)

F

(a)

F

(b)

(c)

(d)(d)(d)(d)

(e)(e)

(f)(f)

F F

 

Hf 12.92 (2H) S -OH (x 2) 



51SYNTHESIS AND CHARECTERIZATION OF  LIGANDS

Mass [m/e (%)], M. Wt.: 494.14, 463.12, 433.11, 388.13, 343.14, 267.11, 253.11,
238.08, 226.08, 150.05, 138.09, 124.12, 110.11, 95, 75, 69, 44.

H2L10 Signal 
Chemical 

shift in  
δ ppm 

Multiplicity Functional 
group 

Ha 2.13 (6H) S -CH3 (x 2) 

Hb 2.38 (6H) S -OCH3 (x 2) 

Hc-f 
6.24-7.99 

(8H) S Ar-H 

OHHO

C C NN
CH3

H3C(a)

OCH3

(a)

OCH3
(b)

(c)

(d)

(e)

(f)

(g)

O2N
NO2

(b)

(g)

(f)

(e)

(f) (f)

 
Hg 12.63 (2H) S -OH (x 2) 
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1.7 SPECTRA
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2.1 INTRODUCTION

The interest of the coordination complexes of Schiff bases stems from their
versatile catalytic reactions for organic synthesis and its use in degradation of
organic substances and in radiopharmaceuticals and their ability to reversibly bind
oxygen and photochromic properties, and the complexing ability towards transi-
tion metals[190-197].

 Metal chelation is involved in many important biological processes where the
coordination can occur between a variety of the metal ions and a wide range of
ligands[198-202]. Generally, the chelating ligand is a polyfunctional molecule which
can encase the metal in an organic sphere. Many types of the Schiff base ligands
are known and the properties of their derived metal chelates have been investi-
gated[203]. Acyclic ligands having nitrogen, oxygen and sulphur donor atoms in
their structures can act as good chelating agents for transition and non-transition
metal ions[204-208]. The thermal decomposition of various nickel, palladium and
platinum complexes is used for the production of metal and metal oxides which are
extensively applied as catalysts in a variety of important chemical processes. Tran-
sition metal complexes of multidentate Schiff base ligand especially tetradentate
Schiff bases have great applicabilities in catalysis and material chemistry.
Tetradentate Schiff bases with N2O2 donor set atoms provide suitable coordina-
tion environments for a wide variety of metal ions [209-214].

Moreover metal complexes of Schiff bases can increase its dimensionality and
can form supramolecular architectures through O–H---N and N–H--- O type of hy-
drogen bonds. Szlyk along with their respective groups worked on Nickel(II) com-
plexes of tetradentate Schiff base ligands as such complexes of nickel can exhibit
several oxidation states [215]. Recently, Mitra and coworkers have explored the
chemistry of Nickel(II) complex using a symmetric N4 donor tetradentate Schiff base
ligand. Apart from this, transition metal complexes with symmetric and asymmetric
Schiff bases have also been explored by Mitra et al. [216]. Cobalt complexes of
tetradentate Schiff base ligands have gained importance as they biomimic the
metal-containing sites in cobalamine (B12) coenzymes, metalloproteins and
metalloenzymes [217-220]. They also act as oxygen activators and as a model
system for dioxygen carriers [221,222]. Copper Schiff base complexes are also
used as potent antiviral, antibacterial and antitumor agents [223].

2.2 REACTION SCHEMES

The synthetic route to Schiff base metal chelates of Co(II), Ni(II) and Cu(II) is as
follows
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OHHO

CC NN
CH3 H3C

R′ R′

Where R = -Cl, -F, -CH3, -No2
            R′  = -Cl, -F, -CH3, -OCH3
            M = Co(II), Ni(II), Cu(II)
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2.3 EXPERIMENTAL

The newly synthesized ligands have been reacted with salts of Cobalt, Nickel
and Copper to give their corresponding metal chelates.

2.3.1 Synthesis of H2L1 complexes

(I) Synthesis of Cobalt complex

The metal chelate was prepared by refluxing the Cobalt(II) nitrate(hexahydrate)
(2.91 gm, 1mmol) in 10 ml of methanol with the ligand, H2L1 (8.26 gm, 2 mmol) in
20ml of methanol on a water bath for about 4hrs. The pH of the solution was ad-
justed to 7 by drop wise addition of 10% methanolic ammonia solution. The metal
chelates got separated after cooling the solution overnight. The metal chelates
thus separated were washed with methanol followed by pet ether (60-800C) and
dried in vacuum. The complexes are insoluble in water and alcohol but soluble in
DMSO. The progress of reaction was monitered by TLC. Yield obtained- 72%.
(Scheme-1)

(II) Synthesis of Nickel complex

The metal chelate was prepared  by refluxing the Nickel(II) nitrate(hexahydrate)
(2.90 gm, 1mmol) in 10 ml of methanol with the ligand, H2L1 (8.26 gm, 2 mmol) in
20ml of methanol on a water bath for about 4hrs. The pH of the solution was ad-
justed to 7 by drop wise addition of 10% methanolic ammonia solution. The metal
chelates got separated after cooling the solution overnight. The metal chelates
thus separated were washed with methanol followed by pet ether (60-800C) and
dried in vacuum.  The complexes are insoluble in water and alcohol but soluble in
DMSO. The progress of reaction was monitered by TLC. Yield obtained-78%.
(Scheme-1)

(III) Synthesis of Copper complex

The metal chelate was prepared by refluxing the Copper(II) nitrate(trihydrate)
(2.41 gm, 1mmol) in 10 ml of methanol with the ligand, H2L1 (8.26 gm, 2 mmol) in
20ml of methanol on a water bath for about 4hrs. The pH of the solution was ad-
justed to 7 by drop wise addition of 10% methanolic ammonia solution. The metal
chelates got separated after cooling the solution overnight. The metal chelates
thus separated were washed with methanol followed by pet ether (60-800C) and
dried in vacuum. The complexes are insoluble in water and alcohol but soluble in
DMSO. The progress of reaction was monitered by TLC. Yield obtained- 79%.
(Scheme-1)
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2.3.2 Synthesis of H2L2 complexes

(I) Synthesis of Cobalt complex

Cobalt(II) nitrate(hexahydrate) (2.91 gm, 1mmol) in MeOH (10 cm3) was added
gradually with constant stirring to a solution of the deprotonated ligand, H2L2, (7.60
gm, 2mmol) in MeOH (20 cm3). The stoichiometry of the metal ion to ligand was
1:2. The solution was refluxed for 3 h. A reddish brown precipitate was formed and
washed several times with small amounts of MeOH, then ether. The progress of
reaction was monitered by TLC. Yield obtained- 72%. (Scheme-1)

(II) Synthesis of Nickel complex

Nickel(II) nitrate (hexahydrate) (2.90 gm, 1mmol) in MeOH (10 cm3) was added
gradually with constant stirring to a solution of the deprotonated ligand, H2L2, (7.60
gm, 2mmol) in MeOH (20 cm3). The stoichiometry of the metal ion to ligand was
1:2. The solution was refluxed for 3 h. A green precipitate was formed and washed
several times with small amounts of MeOH, then ether. The progress of reaction
was monitered by TLC. Yield obtained- 76%. (Scheme-1)

(II) Synthesis of Copper complex

Copper(II) nitrate (trihydrate) (2.41 gm, 1mmol) in MeOH (10 cm3) was added
gradually with constant stirring to a solution of the deprotonated ligand, H2L2, (7.60
gm, 2mmol) in MeOH (20 cm3). The stoichiometry of the metal ion to ligand was
1:2. The solution was refluxed for 3 h. A bluish green precipitate was formed and
washed several times with small amounts of MeOH, then ether. The progress of
reaction was monitered by TLC. Yield obtained- 78%. (Scheme-1)

2.3.3 Synthesis of H2L3 complexes

(I) Synthesis of Cobalt complex

The Schiff base ligand (11.92 gm, 2mmol) dissolved in methanol (20 ml) were
mixed with respective Cobalt(II) nitrate (hexahydrate) (2.91 gm, 1mmol) in metha-
nol (10 ml). The reaction mixture was refluxed for 2-3 h. The resulting solutions
were concentrated and cooled. On cooling brown colored precipitates formed,
which were filtered, washed with methanol, and dried. The progress of reaction
was monitered by TLC. Yield obtained- 69%. (Scheme-1)

(II) Synthesis of Nickel complex

The Schiff base ligand (11.92 gm, 2mmol) dissolved in methanol (20 ml) were
mixed with respective Nickel(II) nitrate (hexahydrate) (2.90 gm, 1mmol) in metha-
nol (10 ml). The reaction mixture was refluxed for 2-3 h. The resulting solutions
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were concentrated and cooled. On cooling green colored precipitates formed, which
were filtered, washed with methanol, and dried. The progress of reaction was
monitered by TLC. Yield obtained- 75%. (Scheme-1)

(III) Synthesis of Copper complex

The Schiff base ligand (11.92 gm, 2mmol) dissolved in methanol (20 ml) were
mixed with respective Copper(II) nitrate (trihydrate) (2.41 gm, 1mmol) in methanol
(10 ml). The reaction mixture was refluxed for 2-3 h. The resulting solutions were
concentrated and cooled. On cooling blue colored precipitates formed, which were
filtered, washed with methanol, and dried. The progress of reaction was monitered
by TLC. Yield obtained- 79%. (Scheme-1)

2.3.4 Synthesis of H2L4 complexes

(I) Synthesis of Cobalt complex

A methanolic solution (10 ml) of the Cobalt(II) nitrate (hexahydrate) (2.91 gm,
1mmol) was added to a magnetically stirred methanol solution (20 ml) of the Schiff
base (10.04 gm, 2mmol). The mixture was refluxed for 2 h, then cooled to room
temperature, filtered and reduced to nearly half of its volume. The concentrated
solution was left standing overnight at room temperature, which resulted in the for-
mation of a solid product. The product thus obtained was filtered, washed with
methanol, then the ether, and dried. Crystallization in aqueous ethanol (50%) gave
the desired metal complexes. The progress of reaction was monitered by TLC.
Yield obtained- 80%. (Scheme-1)

(II) Synthesis of Nickel complex

A methanolic solution (10 ml) of the Nickel(II) nitrate (hexahydrate) (2.90 gm,
1mmol) was added to a magnetically stirred methanol solution (20 ml) of the Schiff
base (10.04 gm, 2mmol). The mixture was refluxed for 2 h, then cooled to room
temperature, filtered and reduced to nearly half of its volume. The concentrated
solution was left standing overnight at room temperature, which resulted in the for-
mation of a solid product. The product thus obtained was filtered, washed with
methanol, then the ether, and dried. Crystallization in aqueous ethanol (50%) gave
the desired metal complexes. The progress of reaction was monitered by TLC.
Yield obtained- 85%. (Scheme-1)

(III) Synthesis of Copper complex

A methanolic solution (10 ml) of the Copper(II) chloride (trihydrate) (2.41 gm,
1mmol) was added to a magnetically stirred methanol solution (20 ml) of the Schiff
base (10.04 gm, 2mmol). The mixture was refluxed for 2 h, then cooled to room
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temperature, filtered and reduced to nearly half of its volume. The concentrated
solution was left standing overnight at room temperature, which resulted in the for-
mation of a solid product. The product thus obtained was filtered, washed with
methanol, then the ether, and dried. Crystallization in aqueous ethanol (50%) gave
the desired metal complexes. The progress of reaction was monitered by TLC.
Yield obtained- 82%. (Scheme-1)

2.3.5 Synthesis of H2L5 complexes

(I) Synthesis of Cobalt complex

The Cobalt complex was synthesized by addition of the Cobalt (II) Nitrate (hexahy-
drate) (2.91 gm, 1mmol, in 10 cm3 MeOH) to a hot solution of the ligands (7.44 gm,
2mmol, in 20 cm3 MeOH). The pH was adjusted to 8.0 using alcoholic ammonia
(0.01 M). The resulting solution was refluxed on a water bath at 90 0C for 4 h. The
volume of the obtained solution was reduced to one half by evaporation. The crys-
tal products were collected by filtration, washed with MeOH, and finally dried under
vacuum. The progress of reaction was monitered by TLC. Yield obtained- 85%.
(Scheme-1)

(II) Synthesis of Nickel complex

The Nickel complex was synthesized by addition of the Nickel (II) Nitrate (hexahy-
drate) (2.90 gm, 1mmol, in 10 cm3 MeOH) to a hot solution of the ligands (7.44 gm,
2mmol, in 20 cm3 MeOH). The pH was adjusted to 8.0 using alcoholic ammonia
(0.01 M). The resulting solution was refluxed on a water bath at 90 0C for 4 h. The
volume of the obtained solution was reduced to one half by evaporation. The crys-
tal products were collected by filtration, washed with MeOH, and finally dried under
vacuum. The progress of reaction was monitered by TLC. Yield obtained 85%.
(Scheme-1)

(III) Synthesis of Copper complex

The Copper complex was synthesized by addition of the Copper (II) Nitrate
(trihydrate) (2.41 gm, 1mmol, in 10 cm3 MeOH) to a hot solution of the ligands
(7.44 gm, 2mmol, in 20 cm3 MeOH). The pH was adjusted to 8.0 using alcoholic
ammonia (0.01 M). The resulting solutions was refluxed on a water bath at 90 0C
for 4 h. The volume of the obtained solution was reduced to one half by evapora-
tion. The crystal products were collected by filtration, washed with MeOH, and fi-
nally dried under vacuum. The progress of reaction was monitered by TLC.
Yield obtained- 85%. (Scheme-1)
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2.3.6 Synthesis of H2L6 complexes

(I) Synthesis of Cobalt complex

The metal chelat was prepared by refluxing the Cobalt(II) nitrate(hexahydrate)
(2.91 gm, 1mmol) in 10 ml of methanol with the ligand, H2L6 (8.08 gm, 2 mmol) in
20ml of methanol on a water bath for about 4hrs. The pH of the solution was ad-
justed to 7 by drop wise addition of 10% methanolic ammonia solution. The metal
chelates got separated after cooling the solution overnight. The metal chelate thus
separated were washed with methanol followed by pet ether (60-800C) and dried
in vacuum.  The complex is insoluble in water and alcohol but soluble in DMSO.
The progress of reaction was monitered by TLC. Yield obtained- 79%.(Scheme-1)

(II) Synthesis of Nickel complex

The metal chelate was prepared by refluxing the Nickel(II) nitrate(hexahydrate)
(2.90 gm, 1mmol) in 10 ml of methanol with the ligand, H2L6 (8.08 gm, 2 mmol) in
20ml of methanol on a water bath for about 4hrs. The pH of the solution was ad-
justed to 7 by drop wise addition of 10% methanolic ammonia solution. The metal
chelate got separated after cooling the solution overnight. The metal chelate thus
separated were washed with methanol followed by pet ether (60-800C) and dried
in vacuum.  The complex is insoluble in water and alcohol but soluble in DMSO.
The progress of reaction was monitered by TLC. Yield obtained 80%.(Scheme-1)

(III) Synthesis of Copper complex

The metal chelate was prepared by refluxing the Copper(II) nitrate(trihydrate)
(2.41 gm, 1mmol) in 10 ml of methanol with the ligand, H2L6 (8.08 gm, 2 mmol) in
20ml of methanol on a water bath for about 4hrs. The pH of the solution was ad-
justed to 7 by drop wise addition of 10% methanolic ammonia solution. The metal
chelate got separated after cooling the solution overnight. The metal chelate thus
separated were washed with methanol followed by pet ether (60-800C) and dried
in vacuum. The complex are insoluble in water and alcohol but soluble in DMSO.
The progress of reaction was monitered by TLC. The yield is 84%. (Scheme-1)

2.3.7 Synthesis of H2L7 complexes

(I) Synthesis of Cobalt complex

Cobalt(II) nitrate(hexahydrate) (2.91 gm, 1mmol) in MeOH (10 cm3) was added
gradually with constant stirring to a solution of the deprotonated ligand, H2L7, (9.64
gm, 2mmol) in MeOH (20 cm3). The stoichiometry of the metal ion to ligand was
1:2. The solution was refluxed for about 3 h. A reddish brown precipitate was formed
and washed several times with small amounts of MeOH and then ether. The progress
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of reaction was monitered by TLC. Yield obtained- 74%. (Scheme-2)

(II) Synthesis of Nickel complex

Nickel(II) nitrate (hexahydrate) (2.90 gm, 1mmol) in MeOH (10 cm3) was added
gradually with constant stirring to a solution of the deprotonated ligand, H2L7, (9.64
gm, 2mmol) in MeOH (20 cm3). The stoichiometry of the metal ion to ligand was 1:2.
The solution was refluxed for about 3 h. A green precipitate was formed and washed
several times with small amounts of MeOH and then ether. The progress of reaction
was monitered by TLC. Yield obtaned- 76%. (Scheme-2)

(II) Synthesis of Copper complex

Copper(II) nitrate (trihydrate) (2.41 gm, 1mmol) in MeOH (10 cm3) was added
gradually with constant stirring to a solution of the deprotonated ligand, H2L7, (9.64
gm, 2mmol) in MeOH (20 cm3). The stoichiometry of the metal ion to ligand was
1:2. The solution was refluxed for about 3 h. A bluish green precipitate was formed
and washed several times with small amounts of MeOH, then ether. The progress
of reaction was monitered by TLC. The yield was 83%. (Scheme-2)

2.3.8 Synthesis of H2L8 complexes

(I) Synthesis of Cobalt complex

The Schiff base ligand, H2L8 (8.32 gm, 2mmol) dissolved in methanol (20 ml)
were mixed with respective Cobalt(II) nitrate (hexahydrate) (2.91 gm, 1mmol) in
methanol (10 ml). The reaction mixture was refluxed for 2-3 h. The resulting solu-
tions were concentrated and cooled. On cooling brown colored precipitates formed,
which were filtered, washed with methanol, and dried. The progress of reaction was
monitered by TLC. Yield obtained- 78%. (Scheme-2)

(II) Synthesis of Nickel complex

The Schiff base ligand, H2L8 (8.32 gm, 2mmol) dissolved in methanol (20 ml)
were mixed with respective Nickel(II) nitrate (hexahydrate) (2.90 gm, 1mmol) in
methanol (10 ml). The reaction mixture was refluxed for 2-3 h. The resulting solu-
tions were concentrated and cooled. On cooling green colored precipitates formed,
which were filtered, washed with methanol, and dried. The progress of reaction
was monitered by TLC. Yield obtained- 79%. (Scheme-2)

(III) Synthesis of Copper complex

The Schiff base ligand, H2L8 (8.32 gm, 2mmol) dissolved in methanol (20 ml)
were mixed with respective Copper(II) nitrate (trihydrate) (2.41 gm, 1mmol) in metha-
nol (10 ml). The reaction mixture was refluxed for 2-3 h. The resulting solutions
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were concentrated and cooled. On cooling blue colored precipitates formed, which
were filtered, washed with methanol, and dried. The progress of reaction was
monitered by TLC. Yield obtained- 84%. (Scheme-2)

2.3.9 Synthesis of H2L9 complexes

(I) Synthesis of Cobalt complex

A methanolic solution (10 ml) of the Cobalt(II) nitrate (hexahydrate) (2.91 gm,
1mmol) was added to a magnetically stirred methanol solution (20 ml) of the Schiff
base ligand, H2L9 (8.00 gm, 2mmol). The mixture was refluxed for 2 h, then cooled
to room temperature, filtered and reduced to nearly half of its volume. The concen-
trated solution was left standing overnight at room temperature, which resulted in
the formation of a solid product. The product thus obtained was filtered, washed
with methanol, then the ether, and dried. Crystallization in aqueous ethanol (50%)
gave the desired metal complexes. The progress of reaction was monitered by
TLC. Yield obtained- 80%. (Scheme-2)

(II) Synthesis of Nickel complex

A methanolic solution (10 ml) of the Nickel(II) nitrate (hexahydrate) (2.90 gm,
1mmol) was added to a magnetically stirred methanol solution (20 ml) of the Schiff
base ligand, H2L9 (8.00 gm, 2mmol). The mixture was refluxed for 2 h, then cooled
to room temperature, filtered and reduced to nearly half of its volume. The concen-
trated solution was left standing overnight at room temperature, which resulted in
the formation of a solid product. The product thus obtained was filtered, washed
with methanol, then the ether, and dried. Crystallization in aqueous ethanol (50%)
gave the desired metal complexes. The progress of reaction was monitered by
TLC. Yield obtained- 85%. (Scheme-2)

(III) Synthesis of Copper complex

A methanolic solution (10 ml) of the Copper(II) chloride (trihydrate) (2.41 gm,
1mmol) was added to a magnetically stirred methanol solution (20 ml) of the Schiff
base ligand, H2L9 (8.00 gm, 2mmol). The mixture was refluxed for 2 h, then cooled
to room temperature, filtered and reduced to nearly half of its volume. The concen-
trated solution was left standing overnight at room temperature, which resulted in
the formation of a solid product. The product thus obtained was filtered, washed
with methanol, then the ether, and dried. Crystallization in aqueous ethanol (50%)
gave the desired metal complexes. The progress of reaction was monitered by
TLC. Yield obtained- 82%.(Scheme-2)
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2.3.10 Synthesis of H2L10 complexes

(I) Synthesis of Cobalt complex

The Cobalt complex was synthesized by addition of the Cobalt (II) Nitrate (hexahy-
drate) (2.91 gm, 1mmol, in 10 cm3 MeOH) to a hot solution of the ligand, H2L10

(9.88 gm, 2mmol, in 20 cm3 MeOH). The pH was adjusted to 8.0 using alcoholic
ammonia (0.01 M). The resulting solution was refluxed on a water bath at 90 0C for
4 h. The volume of the obtained solution was reduced to one half by evaporation.
The crystal products were collected by filtration, washed with MeOH, and finally
dried under vacuum. The progress of reaction was monitered by TLC.
Yield obtained- 75%. (Scheme-2)

(II) Synthesis of Nickel complex

The Nickel complex was synthesized by addition of the Nickel (II) Nitrate (hexahy-
drate) (2.90 gm, 1mmol, in 10 cm3 MeOH) to a hot solution of the ligand, H2L10

(9.88 gm, 2mmol, in 20 cm3 MeOH). The pH was adjusted to 8.0 using alcoholic
ammonia (0.01 M). The resulting solution was refluxed on a water bath at 90 0C for
4 h. The volume of the obtained solution was reduced to one half by evaporation.
The crystal products were collected by filtration, washed with MeOH, and finally
dried under vacuum. The progress of reaction was monitered by TLC.
Yield obtained- 85%. (Scheme-2)

(III) Synthesis of Copper complex

The Copper complex was synthesized by addition of the Copper (II) Nitrate
(trihydrate) (2.41 gm, 1mmol, in 10 cm3 MeOH) to a hot solution of the ligand, H2L10

(9.88 gm, 2mmol, in 20 cm3 MeOH). The pH was adjusted to 8.0 using alcoholic
ammonia (0.01 M). The resulting solution was refluxed on a water bath at 90 0C for
4 h. The volume of the obtained solution was reduced to one half by evaporation.
The crystal products were collected by filtration, washed with MeOH, and finally
dried under vacuum. The progress of reaction was monitered by TLC.
Yield obtained- 85%. (Scheme-2)
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2.4 PHYSICAL DATA TABLE

TABLE-2.4.1: THE ANALYTICAL AND PHYSICAL DATA OF METAL CHELATES

Complex 
Molecular 
Formula 

Molecular 
Weight* 

Color 
Yield 
(%) 

Melting 
point 

(°C) 

1 [Co(L1)2(H2O)2] C44H34Cl4CoN4O4 955.54 
Reddish 

brown 
72% >300 

2 [Ni(L1)2(H2O)2] C44H34Cl4N4NiO4 919.27 Green 78% >300 

3 [Cu(L1)2(H2O)2] C44H34Cl4CuN4O4 924.12 
Deep 

blue 
79% >300 

4 [Co(L2)2(H2O)2] C44H34CoF4N4O4 853.69 
Reddish 

brown 
72% >300 

5 [Ni(L2)2(H2O)2] C44H34F4N4NiO4 853.45 Green 76% >300 

6 [Cu(L2)2(H2O)2] C44H34CuF4N4O4 858.3 
Deep 

blue 
78% >300 

7 [Co(L3)2(H2O)2] C44H34I4CoN4O4 1285.32 
Reddish 

brown 
69% >300 

8 [Ni(L3)2(H2O)2] C44H34I4N4NiO4 1285.08 Green 75% >300 

9 [Cu(L3)2(H2O)2] C44H34I4CuN4O4 1289.93 
Deep 

blue 
79% >300 

10 [Co(L4)2(H2O)2] C44H34Br4CoN4O4 1097.31 
Reddish 
brown 

80% >300 

11 [Ni(L4)2(H2O)2] C44H34Br4N4NiO4 1097.07 Green 85% >300 

12 [Cu(L4)2(H2O)2] C44H34Br4CuN4O4 1101.93 
Deep 

blue 
82% >300 

13 [Co(L5)2(H2O)2] C48H46CoN4O4 837.84 
Reddish 

brown 
69% >300 

14 [Ni(L5)2(H2O)2] C48H46N4NiO4 837.06 Green 75% >300 

15 [Cu(L5)2(H2O)2] C48H46CuN4O4 842.45 
Deep 

blue 
79% >300 

16 [Co(L6)2(H2O)2] C48H46CoN4O8 901.83 
Reddish 

brown 
79% >300 

17 [Ni(L6)2(H2O)2] C48H46NiN4O8 901.59 Green 80% >300 

18 [Cu(L6)2(H2O)2] C48H46CuN4O8 906.45 
Deep 

blue 
84% >300 
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* Molecular Weight of the complexes given with Coordinate water molecule

Complex 
Molecular 
Formula 

Molecular 
Weight* 

Color 
Yield 
(%) 

Melting 
point 

(°C) 

19 [Co(L7)2(H2O)2] C44H30Cl8CoN4O4 1057.29 
Reddish 

brown 
74% >300 

20 [Ni(L7)2(H2O)2] C44H30Cl8NiN4O4 1057.05 Green 76% >300 

21 [Cu(L7)2(H2O)2] C44H30Cl8CuN4O4 1061.90 
Deep 

blue 
83% >300 

22 [Co(L8)2(H2O)2] C44H30F8CoN4O4 925.65 
Reddish 

brown 
78% >300 

23 [Ni(L8)2(H2O)2] C44H30F8NiN4O4 925.41 Green 79% >300 

24 [Cu(L8)2(H2O)2] C44H30F8CuN4O4 930.27 
Deep 
blue 

84% >300 

25 [Co(L9)2(H2O)2] C52H54CoN4O4 893.94 
Reddish 

brown 
80% >300 

26 [Ni(L9)2(H2O)2] C52H54NiN4O4 893.70 Green 85% >300 

27 [Cu(L9)2(H2O)2] C52H54CuN4O4 898.56 
Deep 

blue 
82% >300 

28 [Co(L10)2(H2O)2] C48H42CoN8O16 1081.82 
Reddish 
brown 

75% >300 

29 [Ni(L10)2(H2O)2] C48H42NiN8O16 1081.58 Green 85% >300 

30 [Cu(L10)2(H2O)2] C48H42CuN8O16 1086.44 
Deep 

blue 
85% >300 
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2.5 SPECTRAL STUDY

IR spectra (4000-400 cm-1) of the metal chelates were obtained using KBr discs,
on a 8400 FTIR SHIMADZU Spectrometer. ESI Mass spectra of complexes were
recorded VG-70-S Spectrometer. Electronic spectra of the metal complexes in
DMF were recorded on a perkin elmer lambda 19 spectrophotometer, and ESR
was recorded on E-112 ESR Spectrometer, at X-band microwave frequency (9.5
GHz) with sensitivity of 5×1010 ∆H spins. Thermal Gravimetric Analyses (TGA) have
been carried out by using Perkin Elmer (Pyris 1 TGA) from room temperature to
800oC under heating rate of 10oC/min. Elemental analysis (C, H and N) were car-
ried out on Elemental Analyzer PERKIN ELMER 2400. Magnetic moment of the
compound measured by GOUY balance using Hg[Co(CNS)] as standard.

2.5.1 Infra Red Spectra

The bonding of the ligand to metallo-elements was investigated by comparing
the FT-IR spectra of the complexes with those of the free ligands. The FT-IR spec-
tra of the complexes contain all the absorption bands form the ligands and some
new absorption bands indicative of coordination of the ligands with metal ions
through N and O. The spectra of these complexes exhibited a broad band around
3380-3500 cm-1 which is assigned to water molecules, ν(OH), associated with the
complexes. Coordinated water exhibited, in addition to this modes, the ρr(H2O)
rocking near 892, 840 cm-1,  ρw(H2O), wagging near 530-550 cm-1. FT-IR spectra of
all the ligands contained a band at 1610-1632 cm-1, ν(C=N), which shifted slightly
to a lower value in all the complexes suggesting that the ligands are coordinated to
the metal ion through C=N. New absorption bands ν (M-N) and ν (M-O), appeared
at 580-612 cm-1 and 438-558 cm-1 respectively, in the spectra of the complexes
indicating coordination of the ligands through N and O. These assignments were
made by comparison with related Schiff base complexes[224-226]. (Figure-2.1,2.2)

2.5.2 Electronic Absorption Spectra (UV-Vis.)

The electronic absorption spectra show that when DAR and substituted amine
mixed together, the imines formation occurred which was indicated by yellowing of
the solution and development of an absorption band in the visible range[227].

The electronic spectral data for a DMF solution of the ligands showed four
absorption bands in the range 210–226 nm, 232–268 nm, 363–373nm and 390–
410 nm. The former two bands are assigned to the absorption of (1La→

1A1) and
(1Lb→

1A1) of the phenyl ring, while the third band is assigned to (π→π*)transition of
the azomethine group, which is shifted to lower wavelength on coordination, as a
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result of the participation of the two azomethine nitrogens in coordination. The lat-
ter broad band is assigned to the intermolecular CT and (n→π*) transition from the
ligand to the metal ions.

The electronic spectra of the complexes showed several absorption bands,
including absorption bands of the ligands and d–d transitions of the metal ions.
Spectra of the complexes, which reveal maxima at the wavelength of the first band
of the ligands(210-226 nm), are independent of complexation. The second band
for the complexes lies in the range 270-287nm, markedly different for the second
band of the free ligands, and there is a great increase of absorption. The third
band is ascribed to π→π* transitions involving the azomethine found at 345-365nm.
The band at 390-430nm is assigned to charge transfer transition. Lower energy
bands in the range 515-760 nm are assigned to d–d transitions of the metal cations.

The spectra of the brown Co(II), complexes show two d–d transition bands in
the 515–650 nm region for complexes. The two bands are assigned to the
4T1g→

4T1g(P) and 4T1g→
4T1g(F) transitions of octahedral geometry. The color agrees

well with the proposed geometry. The visible spectra of the green Ni(II) complexes
show three bands. The most intense band at ∼ 470nm is assigned to the
3A2g→

3T1g(P) transition in complexes at the same region. The latter transition is a
less intense peak at 670–760 nm, assigned to the 3A2g→

3T2g transition due to the
existence of octahedral environment. The Cu(II) complexes exhibit five absorption
maxima. The first three maxima in the range 210–365 nm were ascribed previ-
ously to the ligands, while the fourth maximum lies in the range 410–415nm and is
probably due to the ligand–metal charge transfer transition. The absorption maxima
at 520-594 for complexes are due to the d–d transition to (2Eg→2T2g) for the octa-
hedral or distorted octahedral geometry[228,229]. (Figure- 2.3, 2.4)

2.5.3 Thermal Gravimetric Analysis (TGA)

Thermal Gravimetric (TG) analysis was used as a probe to proof the associ-
ated water or solvent molecules to be in the coordination sphere or in the crystal-
line form. Thermo gravimetric analysis of metal chelates is very important tool for
assessing their thermal stability. TGA is generally carried out in nitrogen atmo-
sphere at different heating rates. The loss in weight of the complex material with
increase in temperature forms a TG curve. Normally sample starts loosing weight
at a slow rate up to a particular temperature. Thereafter, the rate of loss in weight
becomes higher over a narrow range of temperature. After this stage the loss in
weight levels off. The shape of TG curve depends upon the nature of the degrada-
tion reaction. The percentage weight loss at different temperature and the percent-
age weight left at 800oC for all the synthesized chelates were studied. In case of all
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the metal chelates the curved showed first weight loss corresponding to coordi-
nate water molecules in the temperature range of 50-200oC. The presence of wa-
ter molecules in the metal chelates have also been supported by IR studies[230,231].

All the synthesized metal chelates are decomposed in three stages.
The first stage with loss of the total weight is due to the removal of water mol-

ecules. The second stage corresponds to the decomposition of ligand. The third
stage the loss of the total weight is due to the decomposition of the complex and
formation of metal oxides. (Figure- 2.9, 2.10)

2.5.4 Elemental Analysis

Elemental analysis (C, H, N and M) of the compounds was carried out on El-
emental analyzer Perkin Elmer 2400 at SAIF, Punjab University, Chandigarh, and
the results are in agreement with the structures assigned.

2.5.5 Magnetic Moments

The magnetic moments of the synthesized metal chelates are given in spectral
characterization. The general structural formula of the complexes is shown in fig-
ures. It was determined that all complexes were paramagnetic. The magnetic mo-
ments of the Copper complexes are in the 1.86–1.91 B.M. range at room tem-
perature. These values can be assigned to one unpaired electron and offer evi-
dence for the distorted octahedral geometry of copper complexes. The magnetic
moments of the Nickel complexes lie in the 2.92–3.05 B.M. range at room tem-
perature, corresponding to two unpaired electrons. These values are attributed to
octahedral nickel complexes. The magnetic moments of the cobalt complexes were
found to be in the 4.22–4.48 B.M. range at room temperature. These results agree
with the reported values for octahedral cobalt(II) complexes. Infrared spectra and
thermogravimetric studies showed the presence of two coordinated water mol-
ecule. Molecular models indicate that there is presence of steric strains as a result
of the octahedral and distorted octahedral geometry for the metal chelates[232,233].

2.5.6 ESI Mass Spectra

Electrospray Ionization (ESI) was first employed more than 20 years ago, but it
is fairly recently that it became a routine technique for the soft ionization of a wide
range of polar analytes, including biomolecules. For this technique, the analyte is
usually dissolved in a mixture of an organic solvent and water with a pH modifier.
The presence of the pH modifier ensures that ionization takes place in the solution
state. This is the only common case where ionization occurs before ion vaporiza-
tion. Because ionization has taken place in the solution state by protonation or



77SYNTHESIS AND CHARECTERIZATION OF  METAL CHELATES

deprotonation of the analyte the molecular species detected is almost exclusively
[M+H+] in positive ion mode and [M-H]- in negative ion mode, and both these spe-
cies undergo very little fragmentation. The advantage of ESI mass is that it often
gives multiply charged ions for large molecules with many ionizable functional
groups. This has the advantage of lowering the m/z ratio and there by allowing the
determination of the masses of large molecule without the need for a detector that
has a large mass range[234]. It is very sensitive to contaminants in the solvents,
particularly alkali metals, and we often see ions which corresponds to [M+Na]+ or
[M+NH4]+. (Figure- 2.5-2.8)

2.5.7 Electron Spin Resonance (ESR)

The EPR parameters of copper complexes: there was a general correspon-
dence between the powder and solution spectra, however, the g⊥  region was well
resolved in solution. The spectra were indicative of rhombic distortion from axial
symmetry. Owing to coordination of two different kinds of atoms (O and N) with the
metal ion. The spectra were characteristic of magnetically dilute system with Cu(II)
ions in the dx

2
- y

2 ground state. Hyperfine as a result of nitrogen were visible on the
main absorption line, g⊥ , confirming the coordination through N. based on the ex-
perimental evidence thus obtained the complexes were characterized as six coor-
dinates with the fifth and sixth position occupied by two water molecules[235].

The ESR spectra of all copper complex show intense broad bands with
g = 2.00277, the value of g and the shape of the ESR signals suggest octahedral
coordination around the Cu(II) ions. (Figure- 2.11)
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2.6 SPECTRAL CHARACTERIZATION OF METAL CHELATES

(1) Complex-1: [Co(L1)2(H2O)2]

IR (KBr) cm-1: 3480 (-OH of H2O), 1610 (-C=N-),  590 (M–N), 490 (M–O), 3012
(Ar C-H), 2920 (C-H of CH3), 1440-1615 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 412, 550, 650.

TGA: Weight loss data

Elemental analysis, Calculated: C, 57.47; H, 4.17; N, 6.09; Co, 6.41,
Found: C, 57.30; H, 4.10; N, 5.96; Co, 6.50.

Magnetic moment (µµµµµ): 4.25 B.M.

ESI mass[m/e (%)]: 956.54

(2) Complex-2: [Ni(L1)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1608 (-C=N-), 580 (M–N), 488 (M–O), 3015
(Ar C-H), 2938 (C-H of CH3), 1440-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 360, 410, 473, 675.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.50 9.60 24.98 50.80 68.70 82.10 90.90 

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.90 9.20 23.83 51.60 69.60 82.00 89.70 

Elemental analysis, Calculated: C, 59.83; H, 3.88; N, 6.34; Ni, 6.65,
Found: C, 59.93; H, 3.73; N, 6.21; Ni, 6.55.

Magnetic moment (µµµµµ): 2.90 B.M.

ESI mass[m/e (%)]: 920.27

(3) Complex-3: [Cu(L1)2(H2O)2]

IR (KBr) cm-1: 3500 (-OH of H2O), 1612 (-C=N-), 592 (M–N), 490 (M–O), 3000
(Ar C-H), 2935 (C-H of CH3), 1430-1590 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 364, 410, 520.
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TGA: Weight loss data

Elemental analysis, Calculated: C, 59.50; H, 3.86; N, 6.31; Cu, 7.16,
Found: C, 59.30; H, 3.73; N, 6.15; Cu, 7.22,

Magnetic moment (µµµµµ): 1.90 B.M.

ESI mass[m/e (%)]: 925.15

(4) Complex-4: [Co(L2)2(H2O)2]

IR (KBr) cm-1: 3515 (-OH of H2O), 1608 (-C=N-), 595 (M–N), 495 (M–O), 3013
(Ar C-H), 2931 (C-H of CH3), 1440-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 360, 410, 515, 550.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.70 9.70 25.30 50.60 66.60 84.10 92.80 

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.40 9.55 25.10 50.80 69.70 82.00 92.70 

Elemental analysis, Calculated: C, 64.63; H, 4.19; N, 6.85; Co, 7.21,
Found: C, 64.50; H, 4.13; N, 6.90; Co, 7.30.

Magnetic moment (µµµµµ): 4.28 B.M.

ESI mass[m/e (%)]: 854.70

(5) Complex-5: [Ni(L2)2(H2O)2]

IR (KBr) cm-1: 3495 (-OH of H2O), 1610 (-C=N-), 592 (M–N), 490 (M–O), 3007
(Ar C-H), 2929 (C-H of CH3), 1435-1605 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 410, 470, 760

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.50 9.80 25.00 50.80 69.60 83.10 91.90 

Elemental analysis, Calculated: C, 64.65; H, 4.19; N, 6.85; Ni, 7.18,
Found: C, 64.50; H, 4.10; N, 6.80; Ni, 7.17.
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Magnetic moment (µµµµµ): 2.98 B.M.

ESI mass: 854.50

(6) Complex-6: [Cu(L2)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1605 (-C=N-), 591 (M–N), 488 (M–O), 3014
(Ar C-H), 2931 (C-H of CH3), 1440-1600 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 410, 594.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.41 9.62 25.03 50.89 69.81 83.16 92.91 

Elemental analysis, Calculated: C, 64.27; H, 4.17; N, 6.81; Cu, 7.73,
Found: C, 64.11; H, 4.10; N, 6.74; Cu, 7.55,

Magnetic moment (µµµµµ): 1.91 B.M.

ESI mass[m/e (%)]: 859.50

(7) Complex-7: [Co(L3)2(H2O)2]

IR (KBr) cm-1: 3492 (-OH of H2O), 1607 (-C=N-), 588 (M–N), 491 (M–O), 3014
(Ar C-H), 2920 (C-H of CH3), 1430-1608 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 355, 430, 570, 610.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.44 9.30 25.00 50.90 68.80 81.95 90.60 

Elemental analysis, Calculated: C, 42.30; H, 2.74; N, 4.48; Co, 4.72,
Found: C, 42.22; H, 2.61; N, 4.37; Co, 4.60.

Magnetic moment (µµµµµ): 4.23 B.M.

ESI mass[m/e (%)]: 1286.39

(8) Complex-8: [Ni(L3)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1611 (-C=N-), 595 (M–N), 490 (M–O), 3010
(Ar C-H), 2935 (C-H of CH3), 1450-1615 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 410, 475, 670.

TGA: Weight loss data
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Elemental analysis, Calculated: C, 42.31; H, 2.74; N, 4.49; Ni, 4.70,
Found: C, 42.17; H, 2.79; N, 4.38; Ni, 4.86.

Magnetic moment (µµµµµ): 2.92 B.M.

ESI mass[m/e (%)]: 1286.10

(9) Complex-9: [Cu(L3)2(H2O)2]

IR (KBr) cm-1: 3508 (-OH of H2O), 1600 (-C=N-), 592 (M–N), 490 (M–O), 3015
(Ar C-H), 2940 (C-H of CH3), 1445-1609 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 415, 586.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.30 9.40 24.98 50.55 69.72 83.10 91.90 

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.71 9.45 25.10 51.00 69.70 83.00 92.00 

Elemental analysis, Calculated: C, 42.15; H, 2.73; N, 4.47; Cu, 5.07,
Found: C, 42.04; H, 2.66; N, 4.50; Cu, 4.98.

Magnetic moment (µµµµµ): 1.89 B.M.

ESI mass[m/e (%)]: 1290.90

(10) Complex-10: [Co(L4)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1606 (-C=N-), 595 (M–N), 490 (M–O), 3006
(Ar C-H), 2920 (C-H of CH3), 1450-1600 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 412, 550, 650.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.60 9.21 24.87 50.89 69.20 82.95 92.30 

Elemental analysis, Calculated: C, 49.79; H, 3.23; N, 5.28; Co, 5.55,
Found: C, 49.90; H, 3.12; N, 5.14; Co, 5.66.

Magnetic moment (µµµµµ): 4.40 B.M.

ESI mass: 1098.31
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(11) Complex-11: [Ni(L4)2(H2O)2]

IR (KBr) cm-1: 3480 (-OH of H2O), 1610 (-C=N-), 590 (M–N), 490 (M–O), 3012
(Ar C-H), 2920 (C-H of CH3), 1440-1615 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 360, 410, 473, 675.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.71 9.41 25.12 50.90 69.70 83.00 92.70 

Elemental analysis, Calculated: C, 49.81; H, 3.23; N, 5.28; Ni, 5.53,
Found: C, 49.92; H, 3.31; N, 5.13; Ni, 5.40.

Magnetic moment (µµµµµ): 3.00 B.M.

ESI mass[m/e (%)]: 1098.10

(12) Complex-12: [Cu(L4)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1608 (-C=N-), 580 (M–N), 488 (M–O), 3015
(Ar C-H), 2938 (C-H of CH3), 1440-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 364, 410, 520.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.77 9.80 25.33 50.90 69.88 82.98 91.88 

Elemental analysis, Calculated: C, 49.58; H, 3.22; N, 5.26; Cu, 5.96,
Found: C, 49.67; H, 3.12; N, 5.33; Cu, 6.03.

Magnetic moment (µµµµµ): 1.86 B.M.

ESI mass[m/e (%)]: 1110.95

(13) Complex-13: [Co(L5)2(H2O)2]

IR (KBr) cm-1: 3500 (-OH of H2O), 1612 (-C=N-), 592 (M–N), 490 (M–O), 3000
(Ar C-H), 2935 (C-H of CH3), 1430-1590 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 360, 410, 515, 550.

TGA: Weight loss data
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Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.91 9.62 24.88 52.30 70.10 83.90 93.00 

Elemental analysis, Calculated: C, 71.90; H, 5.78; N, 6.99; Co, 7.35,
Found: C, 71.73; H, 5.65; N, 6.76; Co, 7.48.

Magnetic moment (µµµµµ): 4.46 B.M.

ESI mass[m/e (%)]: 838.85

(14) Complex-14: [Ni(L5)2(H2O)2]

IR (KBr) cm-1: 3515 (-OH of H2O), 1608 (-C=N-), 595 (M–N), 495 (M–O), 3013
(Ar C-H), 2931 (C-H of CH3), 1440-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 410, 470, 760

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.30 9.90 24.30 51.00 69.89 81.99 92.90 

Elemental analysis, Calculated: C, 71.92; H, 5.78; N, 6.99; Ni, 7.32,
Found: C, 71.90; H, 5.63; N, 7.09; Ni, 7.46.

Magnetic moment (µµµµµ): 3.05 B.M.

ESI mass[m/e (%)]: 838.10

(15) Complex-15: [Cu(L5)2(H2O)2]

IR (KBr) cm-1: 3495 (-OH of H2O), 1610 (-C=N-), 592 (M–N), 490 (M–O), 3007
(Ar C-H), 2929 (C-H of CH3), 1435-1605 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 410, 594.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.41 9.61 25.02 50.89 69.80 83.15 92.91 

Elemental analysis, Calculated: C, 71.49; H, 5.75; N, 6.95; Cu, 7.88,
Found: C, 71.35; H, 5.68; N, 6.86; Cu, 8.00.

Magnetic moment (µµµµµ): 1.88 B.M.

ESI mass[m/e (%)]: 843.45
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(16) Complex-16: [Co(L6)2(H2O)2 ]

IR (KBr) cm-1: 3510 (-OH of H2O), 1605 (-C=N-), 591 (M–N), 488 (M–O), 3014
(Ar C-H), 2931 (C-H of CH3), 1440-1600 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 355, 430, 570, 610.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.50 9.60 24.98 50.80 68.70 82.10 90.90 

Elemental analysis, Calculated: C, 66.58; H, 5.35; N, 6.47; Co, 6.81,
Found: C, 66.66; H, 5.30; N, 6.35; Co, 6.60.

Magnetic moment (µµµµµ): 4.25 B.M.

ESI mass[m/e (%)]: 902.90

(17) Complex-17: [Ni(L6)2(H2O)2]

IR (KBr) cm-1: 3492 (-OH of H2O), 1607 (-C=N-), 588 (M–N), 491 (M–O), 3014
(Ar C-H), 2920 (C-H of CH3), 1430-1608 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 410, 475, 670.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.90 9.20 23.83 51.60 69.60 82.00 89.70 

Elemental analysis, Calculated: C, 66.60; H, 5.36; N, 6.47; Ni, 6.78,
Found: C, 66.54; H, 5.30; N, 6.33; Ni, 6.89.

Magnetic moment (µµµµµ): 2.90 B.M.

ESI mass[m/e (%)]: 902.60

(18) Complex-18: [Cu(L6)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1611 (-C=N-), 595 (M–N), 490 (M–O), 3010
(Ar C-H), 2935 (C-H of CH3), 1450-1615 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 415, 586.

TGA: Weight loss data
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Elemental analysis, Calculated: C, 66.23; H, 5.33; N, 6.44; Cu, 7.30,
Found: C, 66.18; H, 5.20; N, 6.52; Cu, 7.44.

Magnetic moment (µµµµµ): 1.90 B.M.

ESI mass[m/e (%)]: 907.45

(19) Complex-19: [Co(L7)2(H2O)2]

IR (KBr) cm-1: 3508 (-OH of H2O), 1600 (-C=N-), 592 (M–N), 490 (M–O), 3015
(Ar C-H), 2940 (C-H of CH3), 1445-1609 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 412, 550, 650.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.70 9.70 25.30 50.60 66.60 84.10 92.80 

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.40 9.55 25.10 50.80 69.70 82.00 92.70 

Elemental analysis, Calculated: C, 51.75; H, 2.96; N, 5.49; Co, 5.77,
Found: C, 51.61; H, 2.86; N, 5.42; Co, 5.88.

Magnetic moment (µµµµµ): 4.28 B.M.

ESI mass[m/e (%)]: 1058.30

(20) Complex-20: [Ni(L7)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1606 (-C=N-), 595 (M–N), 490 (M–O), 3006
(Ar C-H), 2920 (C-H of CH3), 1450-1600 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 360, 410, 473, 675.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.50 9.80 25.00 50.80 69.60 83.10 91.90 

Elemental analysis, Calculated: C, 51.76; H, 2.96; N, 5.49; Ni, 5.75,
Found: C, 51.70; H, 2.90; N, 5.57; Ni, 5.67.

Magnetic moment (µµµµµ): 2.98 B.M.

ESI mass[m/e (%)]: 1058.10
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(21) Complex-21: [Cu(L7)2(H2O)2]

IR (KBr) cm-1: 3480 (-OH of H2O), 1610 (-C=N-), 590 (M–N), 490 (M–O), 3012
(Ar C-H), 2920 (C-H of CH3), 1440-1615 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 364, 410, 520.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.41 9.62 25.03 50.89 69.81 83.16 92.91 

Elemental analysis, Calculated: C, 51.51; H, 2.95; N, 5.46; Cu, 6.19,
Found: C, 51.39; H, 3.03; N, 5.33; Cu, 6.30.

Magnetic moment (µµµµµ): 1.91 B.M.

ESI mass[m/e (%)]: 1062.90

(22) Complex-22: [Co(L8)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1608 (-C=N-), 580 (M–N), 488 (M–O), 3015
(Ar C-H), 2938 (C-H of CH3), 1440-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 360, 410, 515, 550.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.44 9.30 25.00 50.90 68.80 81.95 90.60 

Elemental analysis, Calculated: C, 59.40; H, 3.40; N, 6.30; Co 6.62,
Found: C, 59.32; H, 3.29; N, 6.20; Co, 6.74.

Magnetic moment (µµµµµ): 4.23 B.M.

ESI mass[m/e (%)]: 926.66

(23) Complex-23: [Ni(L8)2(H2O)2]

IR (KBr) cm-1: 3500 (-OH of H2O), 1612 (-C=N-), 592 (M–N), 490 (M–O), 3000
(Ar C-H), 2935 (C-H of CH3), 1430-1590 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 410, 470, 760

TGA: Weight loss data
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Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.30 9.40 24.98 50.55 69.72 83.10 91.90 

Elemental analysis, Calculated: C, 59.42; H, 3.40; N, 6.30; Ni, 6.60,
Found: C, 59.30; H, 3.30; N, 6.41; Ni, 6.71.

Magnetic moment (µµµµµ): 2.92 B.M.

ESI mass[m/e (%)]: 926.41

(24) Complex-24: [Cu(L8)2(H2O)2]

IR (KBr) cm-1: 3515 (-OH of H2O), 1608 (-C=N-), 595 (M–N), 495 (M–O), 3013
(Ar C-H), 2931 (C-H of CH3), 1440-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 410, 594.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.71 9.45 25.10 51.00 69.70 83.00 92.00 

Elemental analysis, Calculated: C, 59.10; H, 3.38; N, 6.27; Cu, 7.11,
Found: C, 59.00; H, 3.23; N, 6.16; Cu, 7.28.

Magnetic moment (µµµµµ): 1.89 B.M.

ESI mass[m/e (%)]: 931.31

(25) Complex-25: [Co(L9)2(H2O)2]

IR (KBr) cm-1: 3495 (-OH of H2O), 1610 (-C=N-), 592 (M–N), 490 (M–O), 3007
(Ar C-H), 2929 (C-H of CH3), 1435-1605 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 355, 430, 570, 610.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.60 9.21 24.87 50.89 69.20 82.95 92.30 

Elemental analysis, Calculated: C, 72.80; H, 6.34; N, 6.53; Co, 6.87,
Found: C, 72.72; H, 6.41; N, 6.60; Co, 6.60.

Magnetic moment (µµµµµ): 4.40 B.M.

ESI mass[m/e (%)]: 894.94
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(26) Complex-26: [Ni(L9)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1605 (-C=N-), 591 (M–N), 488 (M–O), 3014
(Ar C-H), 2931 (C-H of CH3), 1440-1600 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 410, 475, 670.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.71 9.41 25.12 50.90 69.70 83.00 92.70 

Elemental analysis, Calculated: C, 72.82; H, 6.35; N, 6.53; Ni, 6.84,
Found: C, 72.72; H, 6.28; N, 6.50; Ni, 7.00.

Magnetic moment (µµµµµ): 3.01 B.M.

ESI mass[m/e (%)]: 894.74

(27) Complex-27: [Cu(L9)2(H2O)2]

IR (KBr) cm-1: 3492 (-OH of H2O), 1607 (-C=N-), 588 (M–N), 491 (M–O), 3014
(Ar C-H), 2920 (C-H of CH3), 1430-1608 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 415, 586.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.77 9.80 25.33 50.90 69.88 82.98 91.88 

Elemental analysis, Calculated: C, 72.41; H, 6.31; N, 6.50; Cu, 7.37,
Found: C, 72.50; H, 6.43; N, 6.37; Cu, 7.50.

Magnetic moment (µµµµµ): 1.86 B.M.

ESI mass[m/e (%)]: 899.60

(28) Complex-28: [Co(L10)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1611 (-C=N-), 595 (M–N), 490 (M–O), 3010
(Ar C-H), 2935 (C-H of CH3), 1450-1615 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 365, 412, 550, 650.

TGA: Weight loss data
Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.30 9.90 24.30 51.00 69.89 81.99 92.90 
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Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.77 9.80 25.33 50.90 69.88 82.98 91.88 

Temp. 0C 100 200 300 400 500 600 700 

Weight loss % 4.41 9.61 25.02 50.89 69.80 83.15 92.91 

Elemental analysis, Calculated: C, 55.13; H, 4.05; N, 10.71; Co, 5.64,
Found: C, 55.07; H, 3.97; N, 10.55; Co, 5.80.

Magnetic moment (µµµµµ): 4.46 B.M.

ESI mass[m/e (%)]: 1082.82

(29) Complex-29: [Ni(L10)2(H2O)2]

IR (KBr) cm-1: 3508 (-OH of H2O), 1600 (-C=N-), 592 (M–N), 490 (M–O), 3015
(Ar C-H), 2940 (C-H of CH3), 1445-1609 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 360, 410, 473, 675.

TGA: Weight loss data

Elemental analysis, Calculated: C, 55.14; H, 4.05; N, 10.72; Ni, 5.61,
Found: C, 55.05; H, 4.10; N, 10.84; Ni, 5.75.

Magnetic moment (µµµµµ): 3.05 B.M.

ESI mass[m/e (%)]: 1082.58

(30) Complex-30: [Cu(L10)2(H2O)2]

IR (KBr) cm-1: 3510 (-OH of H2O), 1606 (-C=N-), 595 (M–N), 490 (M–O), 3006
(Ar C-H), 2920 (C-H of CH3), 1450-1600 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 364, 410, 520.

TGA: Weight loss data

Elemental analysis, Calculated: C, 54.88; H, 4.03; N, 10.67; Cu, 6.05,
Found: C, 54.66; H, 3.89; N, 10.55; Cu, 6.17.

Magnetic moment (µµµµµ): 1.88 B.M.

ESI mass[m/e (%)]: 1087.44



90SYNTHESIS AND CHARECTERIZATION OF  METAL CHELATES

2.7 SPECTRA

Figure-2.1

Figure-2.2
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Figure-2.3

Figure-2.4
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Figure-2.5

Figure-2.6
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Figure-2.7

Figure-2.8
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Figure-2.9

Figure-2.10
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Figure-2.11
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3.1 INTRODUCTION

Transition metal Schiff-base complexes are important stereo-chemical mod-
els in coordination chemistry due to their preparative accessibility and structural
diversity [236–238]. A comprehensive review on cyclic and acyclic Schiff-bases
and related derivatives appeared recently, particularly dealing with the develop-
ment of synthetic procedures for the preparation of mono-, di- and polynuclear
Schiff-base complexes and their reduced analogues. Some Schiff-base complexes
show catalytic properties, or act as oxygen carriers and antifungal agents increased
by the presence of hydroxyl groups in the ligands [239–246].

Investigations concerning the structural configuration and chemical properties
of polynuclear transition metal compounds have aroused considerable interest
mainly because of their implications for topics such as the nature of orbital interac-
tions, electron transfer in redox processes, and biological electron transport
chains[247-249]. Considerable attention has focussed on the chemistry of poly-
nuclear Cu(II) complexes due to the presence of multicopper active sites in blue
copper oxidases(e.g., laccase, ascorbate oxidase, and ceruloplasmin) and in the
development of new inorganic materials showing molecular ferromagnetism [250-
252].

8-Hydroxyquinoline and 1,10-Phenanthroline have been extensively used as a
ligand in both analytical and preparative coordination chemistry. As an important
building block, both the ligands units play an important role in the development of
the supramolecular chemistry[253-255]. The metal chelating properties of 1,10-
phenanthroline have been widely utilized in all aspects of coordination chemistry
as well as in its recent applications to develop biomimetic models of
metalloenzymes and to prepare supromolecules, self-assembling systems or metal
complexes with interesting anticancer properties[256,257].

3.2 REACTION SCHEME

The syntheric route of schiff base mixed ligand complex of Co(II), Ni(II) and
Cu(II) is as follows.
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3.3 EXPERIMENTAL

The newly synthesized ligands from 4,6 diacetyl resorcinol and other ligands
namely 8-hydroxy qunoline and 1,10-phenanthroline have been reacted with salts
of Cobalt, Nickel and Copper to give mixed ligand metal complexes.

PART– I: SYNTHESIS OF METAL COMPLEX CONTAINING L′ = 8-HYDROXY
QUINOLINE (Scheme-1)

3.3.1 Synthesis of H2L2 complexes

(I) Synthesis of Cobalt complex

An ethanolic solution of the cobalt(II) nitrate (hexahydrate) (5.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L2

(3.80 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to the
previous solution in the molar ratio 2:1. The solution was continuously stirred for
4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(II) Synthesis of Nickel complex

An ethanolic solution of the Nickel(II) nitrate (hexahydrate) (5.80 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L2

(3.80 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(III) Synthesis of Copper complex

An ethanolic solution of the Copper(II) nitrate (trihydrate) (4.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L2

(3.80 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
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for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

3.3.2 Synthesis of H2L4 complexes

(I) Synthesis of Cobalt complex

An ethanolic solution of the cobalt(II) nitrate (hexahydrate) (5.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L4

(5.02 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(II) Synthesis of Nickel complex

An ethanolic solution of the Nickel(II) nitrate (hexahydrate) (5.80 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L4

(5.02 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(III) Synthesis of Copper complex

An ethanolic solution of the Copper(II) nitrate (trihydrate) (4.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L4

(5.02 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.
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3.3.3 Synthesis of H2L5 complexes

(I) Synthesis of Cobalt complex

An ethanolic solution of the cobalt(II) nitrate (hexahydrate) (5.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L5

(3.72 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO.

(II) Synthesis of Nickel complex

An ethanolic solution of the Nickel(II) nitrate (hexahydrate) (5.80 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L5

(3.72 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(III) Synthesis of Copper complex

An ethanolic solution of the Copper(II) nitrate (trihydrate) (4.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L5

(3.72 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

3.3.4 Synthesis of H2L6 complexes

(I) Synthesis of Cobalt complex

An ethanolic solution of the cobalt(II) nitrate (hexahydrate) (5.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L6
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(4.04 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(II) Synthesis of Nickel complex

An ethanolic solution of the Nickel(II) nitrate (hexahydrate) (5.80 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L6

(4.04 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(III) Synthesis of Copper complex

An ethanolic solution of the Copper(II) nitrate (trihydrate) (4.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L6

(4.04 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 8-HQ) (2.90 gm, 2 mmol) was then added to
the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

PART– II: SYNTHESIS OF METAL COMPLEX CONTAINING L′ = 1,10-
PHENANTHROLINE (Scheme-2)

3.3.5 Synthesis of H2L2 complexes

(I) Synthesis of Cobalt complex

An ethanolic solution of the cobalt(II) nitrate (hexahydrate) (5.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L2

(3.80 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
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solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(II) Synthesis of Nickel complex

An ethanolic solution of the Nickel(II) nitrate (hexahydrate) (5.80 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L2

(3.80 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(III) Synthesis of Copper complex

An ethanolic solution of the Copper(II) nitrate (trihydrate) (4.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L2

(3.80 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

3.3.6 Synthesis of H2L4 complexes

(I) Synthesis of Cobalt complex

An ethanolic solution of the cobalt(II) nitrate (hexahydrate) (5.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L4

(5.02 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
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plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(II) Synthesis of Nickel complex

An ethanolic solution of the Nickel(II) nitrate (hexahydrate) (5.80 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L4

(5.02 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(III) Synthesis of Copper complex

An ethanolic solution of the Copper(II) nitrate (trihydrate) (4.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L4

(5.02 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

3.3.7 Synthesis of H2L5 complexes

(I) Synthesis of Cobalt complex

An ethanolic solution of the cobalt(II) nitrate (hexahydrate) (5.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L5

(3.72 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.
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(II) Synthesis of Nickel complex

An ethanolic solution of the Nickel(II) nitrate (hexahydrate) (5.80 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L5

(3.72 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(II) Synthesis of Copper complex

An ethanolic solution of the Copper(II) nitrate (trihydrate) (4.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L5

(3.72 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

3.3.8 Synthesis of H2L6 complexes

(I) Synthesis of Cobalt complex

An ethanolic solution of the cobalt(II) nitrate (hexahydrate) (5.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L6

(4.04 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(II) Synthesis of Nickel complex

An ethanolic solution of the Nickel(II) nitrate (hexahydrate) (5.80 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L6

(4.04 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
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solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.

(III) Synthesis of Copper complex

An ethanolic solution of the Copper(II) nitrate (trihydrate) (4.82 gm, 2 mmol)
(20 ml) was gradually added to an ethanolic (30 ml) solution of the ligand H2L6

(4.04 gm, 1 mmol) in 2:1 molar ratio and the solution was stirred for 1 h. An ethanolic
solution of the other ligands L′ (L′ = 1,10-Phen) (3.60 gm, 2 mmol) was then added
to the previous solution in the molar ratio 2:1. The solution was continuously stirred
for 4h, during which the metal complex precipitated. The resulting precipitates were
filtered off, washed with ethanol then diethyl ether and finally air-dried. The com-
plex is air stable in the solid state and soluble in DMF and/or DMSO. The progress
of reaction was monitored by TLC.
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3.4 PHYSICAL DATA TABLE

TABLE-3.4.1: THE ANALYTICAL AND PHYSICAL DATA OF THE METAL
COMPLEXES

Complex 
Molecular 
Formula 

Molecular 
Weight* 

Color 
Yield 
(%) 

Melting 
point 
(°C) 

1 [Co2(L2)(8-HQ)2(H2O)4] C40H28Co2F2N4O4 856.54 
Reddish 

brown 
79% >300 

2 [Ni2(L2)(8-HQ)2(H2O)4] C40H28F2N4Ni2O4 856.06 Green 84% >300 

3 [Cu2(L2)(8-HQ)2(H2O)4] C40H28Cu2F2N4O4 865.76 
Deep 
blue 

82% >300 

4 [Co2(L4)(8-HQ)2(H2O)4] C40H28Br2Co2N4O4 978.35 
Reddish 

brown 
85% >300 

5 [Ni2(L4)(8-HQ)2(H2O)4] C40H28Br2N4Ni2O4 977.87 Green 81% >300 

6 [Cu2(L4)(8-HQ)2(H2O)4] C40H28Br2Cu2N4O4 987.57 
Deep 
blue 

86% >300 

7 [Co2(L5)(8-HQ)2(H2O)4] C42H34Co2N4O4 848.61 
Reddish 

brown 
72% >300 

8 [Ni2(L5)(8-HQ)2(H2O)4] C42H34N4Ni2O4 848.13 Green 76% >300 

9 [Cu2(L5)(8-HQ)2(H2O)4] C42H34Cu2N4O4 857.84 
Deep 
blue 

78% >300 

10 [Co2(L6)(8-HQ)2(H2O)4] C42H34Co2N4O6 880.61 
Reddish 
brown 

81% >300 

11 [Ni2(L6)(8-HQ)2(H2O)4] C42H34N4Ni2O6 880.13 Green 79% >300 

12 [Cu2(L6)(8-HQ)2(H2O)4] C42H34Cu2N4O6 889.83 
Deep 
blue 

83% >300 

13 [Co2(L2)(1,10-Phen)2(H2O)4] C46H32Co2F2N6O2 928.65 
Reddish 

brown 
85% >300 

14 [Ni2(L2)(1,10-Phen)2(H2O)4] C46H32F2N6Ni2O2 928.17 Green 84% >300 

15 [Cu2(L2)(1,10-Phen)2(H2O)4] C46H32Cu2F2N6O2 937.87 
Deep 
blue 

86% >300 

16 [Co2(L4)(1,10-Phen)2(H2O)4] C46H32Br2Co2N6O2 1050.46 
Reddish 

brown 
78% >300 

17 [Ni2(L4)(1,10-Phen)2(H2O)4] C46H32Br2N6Ni2O2 1049.98 Green 76% >300 
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3.5 SPECTRAL STUDY

IR spectra (4000-400 cm-1) of the metal complexes were obtained using KBr
discs, on a 8400 FTIR SHIMADZU spectrometer. ESI Mass spectra of complexes
were recorded VG-70-S Spectrometer. Electronic spectra of the metal complexes
in DMF were recorded on a perkin elmer lambda 19 Spectrophotometer, and ESR
was recorded on E-112 ESR Spectrometer, at X-band microwave frequency (9.5
GHz) with sensitivity of 5×1010 ∆H spins. Thermal Gravimetric Analyses (TGA) have
been carried out by using Perkin Elmer (Pyris 1 TGA) from room temperature to
800oC under heating rate of 10oC/min. Elemental analysis (C, H and N) were car-
ried out on Elemental Analyzer PERKIN ELMER 2400. Magnetic moment of the
compound measured by GOUY balance using Hg[Co(CNS)] as standard.

3.5.1 Infra Red Spectra

IR spectra of the complexes were recorded to confirm their structures. The vi-
brational frequencies and their tentative assignments for transition metal complexes
are given. The assignments were aided by comparison with the vibrational fre-
quencies of the free ligand and their related compounds. There are three concep-
tual features in the infrared spectra of the complexes. The former one is the shift of
the stretching frequencies of the azomethine (–C=N–) group of the transition metal
complexes to lower frequencies and lie in the range of 1610-1630 cm-1, compared

Complex 
Molecular 
Formula 

Molecular 
Weight* 

Color 
Yield 
(%) 

Melting 
point 
(°C) 

18 [Cu2(L4)(1,10-Phen)2(H2O)4] C46H32Br2Cu2N6O2 1059.69 
Deep 

blue 
84% >300 

19 [Co2(L5)(1,10-Phen)2(H2O)4] C48H38Co2N6O2 920.72 
Reddish 
brown 

70% >300 

20 [Ni2(L5)(1,10-Phen)2(H2O)4] C48H38N6Ni2O2 920.24 Green 72% >300 

21 [Cu2(L5)(1,10-Phen)2(H2O)4] C48H38Cu2N6O2 929.95 
Deep 

blue 
68% >300 

22 [Co2(L6)(1,10-Phen)2(H2O)4] C48H38Co2N6O4 952.72 
Reddish 
brown 

67% >300 

23 [Ni2(L6)(1,10-Phen)2(H2O)4] C48H38N6Ni2O4 952.24 Green 62% >300 

24 [Cu2(L6)(1,10-Phen)2(H2O)4] C48H38Cu2N6O4 961.95 
Deep 
blue 

72% >300 

* Molecular Weight of the complexes given with Coordinate water molecule



112SYNTHESIS AND CHARACTERIZATION OF MIXED LIGAND METAL COMPLEXES

with the free ligand bands at 1642 and 1631 cm-1, which may be due to the coordi-
nation of the two azomethine groups to metal ions. This lowering shift is not signifi-
cant in most cases as expected and it is believed that, this is due to the interfer-
ence with the deformation of the water molecules associated with the complexes.
The second feature is the bands in the range of 3352–3572 cm-1 which can be
assigned to the stretching frequencies of the ν(OH) of water molecules associated
to the complexes which are also confirmed by the TG analysis. The third feature is
the weak to medium bands in the two ranges 440–560 and 576–610 cm-1, which
could be assigned to the stretching frequencies of the ν(M–O) and  (M–N) bands,
respectively, supporting that the bonding of the ligands to the metal ions is achieved
by the phenolic oxygen, and azomethine nitrogen atoms of the ligands[258-260].

The infrared spectra of the free ligands L′; L′ = 8-HQ, and 1,10-Phen, have
been compared with those after coordination. The spectrum of the free 8-hydrox-
yquinoline shows a strong band at 1586 cm-1 due to the stretching vibrations of the
(C=N) group. This band is shifted to a higher wave number on coordination for
complexes (1-12) suggesting that the lone pair on nitrogen is involved in the forma-
tion of a bond with metal. Moreover, the broad stretching vibration at 3242 cm-1

due to O–H group of the free 8-HQ ligand was found to be absent in the latter
complexes, suggesting the formation of an M–O bond with 8-hydroxyquinolate.
Thus, 8-hydroxyquinolinate in all the complexes is a bidentate chelating ligand.
Changes are observed in the infrared spectrum of 1,10-Phen when it is coordi-
nated with the metal centers. The characteristic band of the C=N group in com-
plexes (13-24) are shifted to higher wave number compared with the free ligand at
1570 cm-1. This suggests that both nitrogens of 1,10-Phen are coordinated to the
metal ion[261-264]. (Figure-3.1,3.2)

3.5.2 Electronic Absorption Spectra (UV-Vis.)

The electronic spectra of the complexes showed several absorption bands,
including absorption bands of the ligands and d-d transitions of the metal ions.
Spectra of the complexes, which reveal maxima at the wavelength of the first band
of the ligands (210-226 nm), are independent of complexation. The second band
is ascribed to π-π* transitions involving the azomethine found at 325-370nm. The
band at 390-430nm is assigned to charge transfer transition. Lower energy bands
in the range 500-672 nm are assigned to d–d transitions of the metal cations
[265-267].

The spectra of the brown Co(II), complexes show two d–d transition bands in
the 500–650 nm region for complexes. The two bands are assigned to the
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4T1g→
4T1g(P) and 4T1g→

4T1g(F) transitions of octahedral geometry[268,269].
The spectra of the green Ni(II) complexes show three bands. The most intense

band at ∼ 430nm is assigned to the 3A2g→
3T1g(P) transition in complexes at the

same region. The latter transition is a less intense peak at 510-650 nm, assigned
to the 3A2g→

3T2g transition due to the octahedral geometry[270,271].
The Cu(II) complexes exhibit five absorption maxima. The first three maxima in

the range 240–320 nm were ascribed previously to the ligands, while the fourth
maximum lies in the range 360–370nm and is probably due to the ligand–metal
charge transfer transition. The absorption maxima at 450-530 for complexes are
due to the d–d transition to (2Eg→2T2g) for the octahedral or distorted octahedral
geometry[272]. (Figure- 3.3,3.4)

3.5.3 Thermal Gravimetric Analysis (TGA)

Thermal Gravimetric (TG) analysis was used as a probe to proof the associ-
ated water or solvent molecules to be in the coordination sphere or in the crystal-
line form. Thermo gravimetric analysis of metal complexes is very important tool
for assessing their thermal stability. TGA is generally carried out in nitrogen atmo-
sphere at different heating rates. The loss in weight of the complex material with
increase in temperature forms a TG curve. Normally sample starts loosing weight
at a slow rate up to a particular temperature. Thereafter, the rate of loss in weight
becomes higher over a narrow range of temperature. After this stage the loss in
weight levels off. The shape of TG curve depends upon the nature of the degrada-
tion reaction. The percentage weight loss at different temperature and the percent-
age weight left at 800oC for all the synthesized chelates were studied. The analy-
ses of the thermal curves of the complexes clearly show that the water molecules
present in all complexes is lost at 100oC, indicating that the molecule is coordi-
nated to the metal ion. The TG curves indicate that above 110oC the compounds
start to lose mass with partial evaporation of L′ ligand up to 200oC. In the tempera-
ture range 200–500oC the molecules of the Schiff base ligands are lost. In all cases
the final products are the metal oxides. These results are in good accordance with
the composition of the complexes[273,274]. (Figure- 3.9,3.10)

2.5.4 Elemental Analysis

Elemental analysis (C, H, N, and M) of the compounds was carried out on El-
emental Analyzer Perkin Elmer 2400. The results are in agreement with the struc-
tures assigned.

3.5.5 Magnetic Moments
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The magnetic moment data are presented in spectral characterization. The
magnetic moment value of the Cu(II) complex (1.70 B.M.) is very close to the spin-
only value (1.73 B.M.) expected for one unpaired electron which offers the possi-
bility of an octahedral geometry. The larger variation in the magnetic moment val-
ues (2.9-3.4 B.M.) for a high-spin Ni(II) complex (2.83 B.M.) depends on the mag-
nitude of the orbital contribution. The magnetic moment value (2.88 B.M.) in the
present work is within the range expected for similar octahedral Ni(II) ions. The
magnetic moment values for the Co(II) complexes have been used as criterion to
determine the type of coordination around the metal ion. Due to the intrinsic orbital
angular momentum in the ground state, there is consistently a considerable orbital
contribution and the effective magnetic moment lies between 4.7 and 5.2 B.M. at
room temperature. In the present complexes the magnetic moment value (4.74
B.M.) suggest an octahedral geometry for the Co(II) complex in the high-spin
state[232,233].

3.5.6 ESI Mass Spectra

Electrospray ionization (ESI) was first employed more than 20 years ago, but it
is fairly recently that it became a routine technique for the soft ionization of a wide
range of polar analytes, including biomolecules. For this technique, the analyte is
usually dissolved in a mixture of an organic solvent and water with a pH modifier.
The presence of the pH modifier ensures that ionization takes place in the solution
state. This is the only common case where ionization occurs before ion vaporiza-
tion. Because ionization has taken place in the solution state by protonation or
deprotonation of the analyte the molecular species detected is almost exclusively
[M+H+] in positive ion mode and [M-H]- in negative ion mode, and both these spe-
cies undergo very little fragmentation. The advantage of ESI mass is that it often
gives multiply charged ions for large molecules with many ionizable functional
groups. This has the advantage of lowering the m/z ratio and there by allowing the
determination of the masses of large molecule without the need for a detector that
has a large mass range[234]. It is very sensitive to contaminants in the solvents,
particularly alkali metals, and we often see ions which corresponds to [M+Na]+ or
[M+NH4]+. (Figure- 3.5-3.8)

3.5.7 Electron Spin Resonance (ESR)

The EPR parameters of copper complexes: there was a general correspon-
dence between the powder and solution spectra; however, the g⊥  region was well
resolved in solution. The spectra were indicative of rhombic distortion from axial
symmetry. Owing to coordination of two different kinds of atoms (O and N) with the
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metal ion. The spectra were characteristic of magnetically dilute system with Cu(II)
ions in the dx

2
- y

2 ground state. Hyperfine as a result of nitrogen were visible on the
main absorption line, g⊥ , confirming the coordination through N. based on the ex-
perimental evidence thus obtained the complexes were characterized as six coor-
dinates with the fifth and sixth position occupied by two water molecules. The ESR
spectra of all copper complex show intense broad bands with g = 2.00255, the
value of g and the shape of the ESR signals suggest octahedral coordination around
the Cu(II) ions[275]. (Figure- 3.11)

3.6 SPECTRAL CHARACTERIZATION OF METAL COMPLEXES

(1) Complex-1: [Co2(L2)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3530 (-OH of H2O), 1620 (-C=N-), 600 (M–N), 500 (M–O), 3012
(Ar C-H), 2920 (C-H of CH3), 1440-1615 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 410, 510, 650.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.55 17.59 54.01 59.54 61.79 64.21 66.44 68.06 

Elemental analysis, Calculated: C, 61.24; H, 3.60; N, 7.14; Co, 15.02,
Found: C, 61.12; H, 3.51; N, 7.07; Co, 15.18.

Magnetic moment (µµµµµ): 4.70 B.M.

ESI mass[m/e (%)]: 859

(2) Complex-2: [Ni2(L2)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3500 (-OH of H2O), 1610 (-C=N-), 594 (M–N), 483 (M–O), 3010
(Ar C-H), 2935 (C-H of CH3), 1440-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 430, 510, 640.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.60 17.40 54.11 58.49 61.61 64.20 68.00 69.10 

Elemental analysis, Calculated: C, 61.27; H, 3.60; N, 7.15; Ni, 14.97,
Found: C, 61.15; H, 3.51; N, 7.22; Ni, 15.12.
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Magnetic moment (µµµµµ): 2.88 B.M.

ESI mass[m/e (%)]: 858

(3) Complex-3: [Cu2(L2)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3486 (-OH of H2O), 1612 (-C=N-), 600 (M–N), 520 (M–O), 3011
(Ar C-H), 2935 (C-H of CH3), 1440-1600 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 320, 360, 530.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.65 16.41 54.10 59.50 62.00 64.00 67.80 70.10 

Elemental analysis, Calculated: C, 60.53; H, 3.56; N, 7.06; Cu, 16.01,
Found: C, 60.40; H, 3.60; N, 6.96; Cu, 16.15.

Magnetic moment (µµµµµ): 1.70 B.M.

ESI mass[m/e (%)]: 868

(4) Complex-4: [Co2(L4)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3500 (-OH of H2O), 1608 (-C=N-), 610 (M–N), 540 (M–O), 3008
(Ar C-H), 2900 (C-H of CH3), 1435-1620 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 340, 420, 500, 670.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.70 18.00 54.30 60.00 62.30 64.70 66.81 67.80 

Elemental analysis, Calculated: C, 53.01; H, 3.11; N, 6.18; Co, 13.00,
Found: C, 53.10; H, 3.04; N, 6.06; Co, 13.20.

Magnetic moment (µµµµµ): 4.70 B.M.

ESI mass[m/e (%)]: 980

(5) Complex-5: [Ni2(L4)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3510 (-OH of H2O), 1625 (-C=N-), 590 (M–N), 480 (M–O), 3030
(Ar C-H), 2930 (C-H of CH3), 1450-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 355, 420, 520, 650.

TGA: Weight loss data
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Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.80 17.30 52.88 59.60 61.30 65.00 67.67 69.69 

Elemental analysis, Calculated: C, 53.04; H, 3.12; N, 6.18; Ni, 12.96,
Found: C, 53.10; H, 3.07; N, 7.12; Ni, 12.90.

Magnetic moment (µµµµµ): 2.89 B.M.

ESI mass[m/e (%)]: 979

(6) Complex-6: [Cu2(L4)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3440 (-OH of H2O), 1618 (-C=N-), 588 (M–N), 510 (M–O), 3030
(Ar C-H), 2930 (C-H of CH3), 1445-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 310, 365, 525.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 2.00 18.00 54.60 60.01 62.10 64.30 66.20 71.08 

Elemental analysis, Calculated: C, 52.47; H, 3.08; N, 6.12; Cu, 13.88,
Found: C, 52.52; H, 3.00; N, 6.02; Cu, 13.70.

Magnetic moment (µµµµµ): 1.72 B.M.

ESI mass[m/e (%)]: 989

(7) Complex-7: [Co2(L5)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3530 (-OH of H2O), 1620 (-C=N-), 600 (M–N), 500 (M–O), 3012
(Ar C-H), 2920 (C-H of CH3), 1440-1615 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 410, 510, 650.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.70 17.59 55.15 59.54 61.79 65.10 66.44 68.06 

Elemental analysis, Calculated: C, 64.96; H, 4.41; N, 7.21; Co, 15.18,
Found: C, 64.80; H, 4.35; N, 7.18; Co, 15.30.

Magnetic moment (µµµµµ): 4.72 B.M.

ESI mass[m/e (%)]: 852
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(8) Complex-8: [Ni2(L5)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3500 (-OH of H2O), 1610 (-C=N-), 594 (M–N), 483 (M–O), 3010
(Ar C-H), 2935 (C-H of CH3), 1440-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 430, 510, 640.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.91 18.08 54.11 59.59 63.66 64.20 66.33 70.07 

Elemental analysis, Calculated: C, 65.00; H, 4.42; N, 7.22; Ni, 15.12,
Found: C, 65.10; H, 4.33; N, 7.30; Ni, 15.25.

Magnetic moment (µµµµµ): 2.89 B.M.

ESI mass[m/e (%)]: 850

(9) Complex-9: [Cu2(L5)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3486 (-OH of H2O), 1612 (-C=N-), 600 (M–N), 520 (M–O), 3011
(Ar C-H), 2935 (C-H of CH3), 1440-1600 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 320, 360, 530.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.54 17.35 53.20 59.50 60.60 64.00 65.81 70.99 

Elemental analysis, Calculated: C, 64.19; H, 4.36; N, 7.13; Cu, 16.17,
Found: C, 64.06; H, 4.28; N, 7.05; Cu, 16.31.

Magnetic moment (µµµµµ): 1.72 B.M.

ESI mass[m/e (%)]: 860

(10) Complex-10: [Co2(L6)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3500 (-OH of H2O), 1608 (-C=N-), 610 (M–N), 540 (M–O), 3008
(Ar C-H), 2900 (C-H of CH3), 1435-1620 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 340, 420, 500, 670.

TGA: Weight loss data
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Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.70 18.00 54.30 60.00 62.30 64.70 67.00 68.30 

Elemental analysis, Calculated: C, 62.38; H, 4.24; N, 6.93; Co, 14.58,
Found: C, 62.27; H, 4.17; N, 7.00; Co, 14.70.

Magnetic moment (µµµµµ): 4.70 B.M.

ESI mass[m/e (%)]: 883

(11) Complex-11: [Ni2(L6)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3510 (-OH of H2O), 1625 (-C=N-), 590 (M–N), 480 (M–O), 3030
(Ar C-H), 2930 (C-H of CH3), 1450-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 355, 420, 520, 650.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.58 17.30 55.18 59.60 62.11 65.00 66.70 69.88 

Elemental analysis, Calculated: C, 62.42; H, 4.24; N, 6.93; Ni, 14.53,
Found: C, 62.30; H, 4.18; N, 6.88; Ni, 14.40.

Magnetic moment (µµµµµ): 2.90 B.M.

ESI mass[m/e (%)]: 882

(12) Complex-12: [Cu2(L6)(8-HQ)2(H2O)4]

IR (KBr) cm-1: 3440 (-OH of H2O), 1618 (-C=N-), 588 (M–N), 510 (M–O), 3030
(Ar C-H), 2930 (C-H of CH3), 1445-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 315, 360, 520.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 2.01 18.18 56.00 61.00 62.81 64.30 67.00 72.00 

Elemental analysis, Calculated: C, 61.68; H, 4.19; N, 6.85; Cu, 15.54,
Found: C, 61.79; H, 4.27; N, 6.70; Cu, 15.50.

Magnetic moment (µµµµµ): 1.71 B.M.

ESI mass[m/e (%)]: 892
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(13) Complex-13: [Co2(L2)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3530 (-OH of H2O), 1620 (-C=N-), 600 (M–N), 500 (M–O), 3012
(Ar C-H), 2920 (C-H of CH3), 1440-1615 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 410, 510, 650.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

% Weight loss 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 61.24; H, 3.60; N, 7.14; Co, 15.02,
Found: C, 61.12; H, 3.55; N, 7.07; Co, 15.11.

Magnetic moment (µµµµµ): 4.70 B.M.

ESI mass[m/e (%)]: 931

(14) Complex-14: [Ni2(L2)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3500 (-OH of H2O), 1610 (-C=N-), 594 (M–N), 483 (M–O), 3010
(Ar C-H), 2935 (C-H of CH3), 1440-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 430, 510, 640.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 61.27; H, 3.60; N, 7.15; Ni, 14.97,
Found: C, 61.30; H, 3.51; N, 7.20; Ni, 14.90.

Magnetic moment (µµµµµ): 2.88 B.M.

ESI mass[m/e (%)]: 930

(15) Complex-15: [Cu2(L2)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3486 (-OH of H2O), 1612 (-C=N-), 600 (M–N), 520 (M–O), 3011
(Ar C-H), 2935 (C-H of CH3), 1440-1600 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 320, 360, 530.

TGA: Weight loss data
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Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 60.53; H, 3.56; N, 7.06; Cu, 16.01,
Found: C, 60.40; H, 3.49; N, 7.00; Cu, 16.15.

Magnetic moment (µµµµµ): 1.70 B.M.

ESI mass[m/e (%)]: 940

(16) Complex-16: [Co2(L4)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3500 (-OH of H2O), 1608 (-C=N-), 610 (M–N), 540 (M–O), 3008
(Ar C-H), 2900 (C-H of CH3), 1435-1620 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 340, 420, 500, 670.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 53.01; H, 3.11; N, 6.18; Co, 13.00,
Found: C, 52.88; H, 3.04; N, 6.06; Co, 13.20.

Magnetic moment (µµµµµ): 4.70 B.M.

ESI mass[m/e (%)]: 1052

(17) Complex-17: [Ni2(L4)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3510 (-OH of H2O), 1625 (-C=N-), 590 (M–N), 480 (M–O), 3030
(Ar C-H), 2930 (C-H of CH3), 1450-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 355, 420, 520, 650.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 53.04; H, 3.12; N, 6.18; Ni, 12.96,
Found: C, 53.10; H, 3.07; N, 7.12; Ni, 13.13.

Magnetic moment (µµµµµ): 2.89 B.M.

ESI mass[m/e (%)]: 1053



122SYNTHESIS AND CHARACTERIZATION OF MIXED LIGAND METAL COMPLEXES

(18) Complex-18: [Cu2(L4)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3440 (-OH of H2O), 1618 (-C=N-), 588 (M–N), 510 (M–O), 3030
(Ar C-H), 2930 (C-H of CH3), 1445-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 310, 365, 525.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 52.47; H, 3.08; N, 6.12; Cu, 13.88,
Found: C, 52.40; H, 3.00; N, 6.02; Cu, 13.70.

Magnetic moment (µµµµµ): 1.72 B.M.

ESI mass[m/e (%)]: 1062

(19) Complex-19: [Co2(L5)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3530 (-OH of H2O), 1620 (-C=N-), 600 (M–N), 500 (M–O), 3012
(Ar C-H), 2920 (C-H of CH3), 1440-1615 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 410, 510, 650.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 64.96; H, 4.41; N, 7.21; Co, 15.18,
Found: C, 64.80; H, 4.35; N, 7.18; Co, 15.00.

Magnetic moment (µµµµµ): 4.72 B.M.

ESI mass[m/e (%)]: 923

(20) Complex-20: [Ni2(L5)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3500 (-OH of H2O), 1610 (-C=N-), 594 (M–N), 483 (M–O), 3010
(Ar C-H), 2935 (C-H of CH3), 1440-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 350, 430, 510, 640.

TGA: Weight loss data
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Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 65.00; H, 4.42; N, 7.22; Ni, 15.12,
Found: C, 65.10; H, 4.36; N, 7.13; Ni, 15.00.
Magnetic moment (µµµµµ): 2.89 B.M.
ESI mass[m/e (%)]: 922

(21) Complex-21: [Cu2(L5)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3486 (-OH of H2O), 1612 (-C=N-), 600 (M–N), 520 (M–O), 3011
(Ar C-H), 2935 (C-H of CH3), 1440-1600 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 320, 360, 530.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 64.19; H, 4.36; N, 7.13; Cu, 16.17,
Found: C, 64.25; H, 4.24; N, 7.07; Cu, 16.30.

Magnetic moment (µµµµµ): 1.72 B.M.

ESI mass[m/e (%)]: 933

(22) Complex-22: [Co2(L6)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3500 (-OH of H2O), 1608 (-C=N-), 610 (M–N), 540 (M–O), 3008
(Ar C-H), 2900 (C-H of CH3), 1435-1620 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 340, 420, 500, 670.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 62.38; H, 4.24; N, 6.93; Co, 14.58,
Found: C, 62.30; H, 4.17; N, 6.88; Co, 14.73.

Magnetic moment (µµµµµ): 4.70 B.M.

ESI mass[m/e (%)]: 955
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(23) Complex-23: [Ni2(L6)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3510 (-OH of H2O), 1625 (-C=N-), 590 (M–N), 480 (M–O), 3030
(Ar C-H), 2930 (C-H of CH3), 1450-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 355, 420, 520, 650.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 62.42; H, 4.24; N, 6.93; Ni, 14.53,
Found: C, 62.30; H, 4.18; N, 6.84; Ni, 14.62.

Magnetic moment (µµµµµ): 2.90 B.M.

ESI mass[m/e (%)]: 954

(24) Complex-24: [Cu2(L2)(1,10-Phen)2(H2O)4]

IR (KBr) cm-1: 3440 (-OH of H2O), 1618 (-C=N-), 588 (M–N), 510 (M–O), 3030
(Ar C-H), 2930 (C-H of CH3), 1445-1610 (Ar -C=C- ring skeletal).

Electronic spectra (nm): 315, 360, 520.

TGA: Weight loss data

Temp. 0C 100 200 300 400 500 600 700 800 

Weight loss % 1.77 25.57 37.99 52.53 70.08 84.04 92.91 95.09 

Elemental analysis, Calculated: C, 61.68; H, 4.19; N, 6.85; Cu, 15.54,
Found: C, 61.77; H, 4.25; N, 6.70; Cu, 15.45.

Magnetic moment (µµµµµ): 1.71 B.M.

ESI mass[m/e (%)]: 964
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3.7 SPECTRA

Figure-3.1

DAR-4F-Ni-HQ

Figure-3.2

DAR-PA-Cu-HQ
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Figure-3.4DAR-4Br-Ni-PHEN

Figure-3.3DAR-4F-Cu-HQ
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Figure-3.5

Figure-3.6
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Figure-3.7

Figure-3.8
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Figure-3.9DAR-4F-Cu-HQ

Figure-3.10DAR-PA-Ni-PHEN
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Figure-3.11DAR-4F-Cu-HQ
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4.1 INTRODUCTION

Many drugs possess modified pharmacological and toxicological properties
when administered in the form of metallic complexes. Probably the most widely
studied cations in this respect is Cu2+ and Co2+ since a host of low-molecular-
weight copper and cobalt complexes have been proven beneficial against several
diseases such as tuberculosis, rheumatoid, gastric ulcers, and cancers [276-279].
Transition metal complexes with biologically active ligands frequently exhibit higher
biological activity and lower toxicity than the initial ligands [280].

Researchers in this area have synthesized new nitrogen-sulphur donor ligand
through Schiff base condensation with various aldehyde and ketones. The proper-
ties of these ligands can be greatly modified by introduction of organic substitu-
ents. The number of these type of compounds synthesized continues to increase
because of the intriguing observation that different ligand show different biological
properties, although they may differ only slightly in their molecular structures, tran-
sition metal complexes of this ligands are also wildly studied because of their po-
tential for therapeutic use[281-288]. They also find applications in health and skin
care products and in paint manufacturing[289]. Antioxidant properties are of inter-
est to biochemists and health professional because they may help the body pro-
tect itself against damage caused by reactive oxygen-based species and degen-
erative diseases[290].

Although ligands having oxygen and nitrogen as donor atoms are by far the
most extensively studied, interest in sulfur donor chelating agents has grown over
the years and the number of chemical studies in this area has increased consider-
ably [291]. Interest in complexes of these ligand systems now covers several ar-
eas, ranging from general considerations of the effect of sulfur and electron delo-
calization in transition metal complexes to potential biological activity and practi-
cal application [292-294].

The antimicrobial properties of metals have been recognized for centuries and
have represented some of the most fundamental breakthroughs in medicinal his-
tory [295]. Many studies stressed the role of metal ions in important biological
processes, whereas the inorganic pharmacology started to be an important field
with more than 25 inorganic compounds, being used in therapy as antibacterial,
antiviral, and anticancer drugs [296,297]. Kirschner et al. [298] have suggested
that the transfer of the metal ion from the ligand to the cancer-associated viruses
was an important mechanism for designing new anticancer therapies. The inverse
process, that is, coordinating a metal ion from an important biomolecule, such as,
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for instance, a zinc finger protein, has recently been used to design novel antiviral
therapies, targeted against human immunodeficiency (HIV) and human papilloma
virus (HPV) infections [299]. We have already drawn attention to the strong rela-
tionship between metals or their complexes [300-302], and antibacterial [303],
antitumour [304], and anticancer [305] activities. A number of in vivo studies have
indicated that biologically active compounds become more bacteriostatic and
carcinostatic upon chelation[306].

BACTERIA

In 1928, A German Scientist C.E. Chenberg First used the term “Bacterium” to
denote small microscopic organism with a relatively simple and primitive form of
the cellular organization known as “Prokaryotic”.

Danish physician, Gram in peculiarity, bacteria are generally unicellular E.G.
Cocci, Bacilli, Etc. Filamentous, Eg, Actinomycetes, some being sheathed having
certain cells specialized for reproduction. The microorganism are capable of pro-
ducing diseases in host are known as “Pathogenic”. Most of the microorganisms
present on the skin and mucous membrane are non-pathogenic and are often re-
ferred to as “commensals” or if they live on food residues as in intestine, they may
be called “Saprophytes”. Generally, The pathogenic Cocci and Bacilli are gram
positive and the pathogenic Coco Bacilli are gram negative.

From evaluation of antibacterial activity in our case, we have used Staphylo-
coccus Aureus and Staphylococcus Pyogenes from gram positive group of bacte-
ria and Escherichia Coli and Pseudomonas Aeruginosa from gram negative group
of baceria.

1. STAPHYLOCOCCUS AUREUS

(I) Genus: Staphylococcus[Microccaceae]

Staphylococci are differentiated from micrococcus, a genus of the same family
by its ability to utilize to be found on the skin or mucous membranes of the animal
body, especially of the nose and mouth where they occur in large numbers even
under normal conditions.

(II) Species: Staphylococcus Aureus

The individual cells of S. Aureus are 0.8 to 0.9 micro in diameter. They are
ovoid or spherical, non motile, non capsulated, non sporing stain with ordinary
aniline dyes and gram positive, typically arranged in groups of irregular clusters
like branches of groups found in pus, singly or in pairs. The optimum temperature
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for the growth us 37o C, optimum pH is 7.4 to 7.6. They produce golden yellow
pigment, which develops best at room temperature. They cause pyoregenic of pus
forming [suppurative] conditions, mastitis of women and cows, boils, carbuncles
infantile impetigo, internal abscess and food poisoning.

2. ESCHERICHIA COLI

(I) Genus: Escherichia [Enterobacteriacea]

This genus comprises Escherichia and several variants and are of particular
interest to the sanitarian since they occur commonly in the formal intestinal tract of
man and animals. Their presence in foods or in drinking water may indicate faecal
pollution. E.Coli is the most distinctively recognized Feacal species.

(II) Species: Escherichia coli

E.Coli is the most important type in this species, which contains number of
other types Escherichia in 1885 discovered in from the faces of the newborn and
showed the organisms in the intesting within three days after birth. It is a commen-
sals of the human intesting and found in the intestinal of men and animals and is
also found in the sewage water, land, soil contaminated by Faecal matters. The
gram negative rods are 2 to 4 micro by 0.4 micro in size, commonly seen in cocco-
bacillary form and rarely in filamentous form. They are facultative anaerobes and
grow in all laboratory media. Colonies are circular, raised smooth and emit a fae-
cal odor, E.Coli are generally non pathogenic and are incriminated as pathogens
because in certain instances some strains have been found to produce septice-
mia, inflammations of liver and gall bladder, appendix, meningitis, pneumonia and
other infections and this species is a recognized pathogen in the veterinary field.

3. STREPTOCOCCUS PYOGENES

(I) Genus: Streptococcus

The term Streptococcus was fist introduced by Bilroth[1874] and the term Strep-
tococcus Pyogenes was used by Rosenbach[1884]. These are spherical or ovoid
cells; divide in one axis and form chains; nonsporing. The growth is absence of
native proteins in the medium; they produce characteristic haemolytic changes in
media containing blood; produce acid only by fermentation of carbohydrates; of-
ten fail to liquefy gelatin; some strains produce exotoxin and extracellular products;
a few of them are Anaerobic.

(II) Species: Streptococcus Pyogenes

Streptococcus Pyogenes is pathogenic to human and found in sore throat, fol-
licular tonsillitis, septicemia, acute or malignant ulcerative endocarditis etc. these
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are spherical Cocci 0.5 to 0.75 micro in diameter, arranged in moderately long
chains of round Cocci and easily differentiated from Enterococci that from short
chains of 2 to 4 spares. Streptococcus Pygenes is recently isolated from throat or
other lesion; they show either mucoid or matt colonies. On keeping in the labora-
tory, they undergo varation to a glossy type. Streptococci are susceptible to de-
structive agents, and to penicillin and sulphomamides.

4. PSEUDOMONAS AERUGINOSA

(I) Genus: Pseudomonas

Genus Pseudomonas is characterized by gram negative motile rods,
nonsporing aerobes, oxidase positive, bluish green or yellowish pigment diffusing
into the medium. Out of 140 species, only one is pathogenic to human.

(II) Species: Pseudomonas aeruginosa

Psaeruginosa a commensal in the intestine of human and animal’s but, when
the defensive mechanism of the body is poor. It acts as a minor pathogen produc-
ing suppurative wound, otitis media, peritonitis, cystitis, bronchopneumonia and
empyema. In children it causes diarrhea and septicemia. The pus produced by
Psaeruginosa is greenish blue. These are gram negative, actively motile, non spor-
ing organisms’ 1.5-3 micro by 0.5 micro with rounded ends and bipolar flagella.
They occur singly or in pair, of short chains. They grow well in ordinary media under
aerobic conditions, producing diffusible pigment.

FUNGUS

It has been estimated that the life expectancy of humans has increased by at
least 10 years since the discovery of antimicrobial agents for the treatment of mi-
crobial infections. A consequence of our success with antimicrobial agents and
improved medical care is the number of fungal infections.

The incidence of fungal infections has increased dramatically in the past 20
years partly because of the increase in the number of people whose immune sys-
tem are compromised by wither AIDS, aging, organ transplantation or cancer
therapy. Accordingly, the increase in rates of morbidity and mortality because of
fungal infections has been now recognized as a major problem in response to the
increased incidence of fungal infections, the pharmaceutical industry has devel-
oped a number of newer less toxic antifungal for clinical use. The increased use of
antifungal, often for prolonged periods, has lead to recognition of the phenomenon
of acquired antifungal resistance to one or more of the available antifungal.
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Fungi are nonphotosyntheitc eukaryotes growing either as colonies of single
cells(yeasts) or as filamentous multicellular aggregate [molds]. Most fungi live as
saprophytes in soil or on dead plant material and are important in the mineraliza-
tion of organic matter. A smaller number produce disease in human and animals.
The in vitro methods used for detections of antifungal potency are similar to those
used in antibacterial screening. As with bacteria, it is easy to discover several
synthetic and natural compounds that, in small quantity, can retard or prevent growth
of fungi in culture media.

1. CANDIDA ALBICANS

(I) Genus: Candida

Candida species reproduce by yeast like budding cells but they also show
formation pseudomycellum. These pseudomycellum are chains of elongated cells
formed from buds and the buds elongated without breaking of the mother cell.
They are very fragile and separate easily. Mycelia also form by the elongation of
the germ tube produced by a mother celll.
Species: Candida albicans

Candida albicans may remain as commensal of the mucous membrane with of
without causing any pathologic changes to the deeper tissues of the same fungus
may cause pathological lesion of the skin. Such a fungus under favorable condi-
tions can cause superficial, intermediate of deep mycoses depending on the con-
dition of the host.

2. ASPERGILLUS NIGER AND ASPERGILLUS CLAVATUS

(I) Genus: Aspergillus

The Aspergillus are widespread in nature, being found on fruits, vegetables
and other substates, which may provide nutriment. Some species are involved in
food spoilage. They are important economically because they are used in a num-
ber of industrial fermentations, including the production of citric acid gluconic acid.
Aspergillus grow in high concentrations of sugar and salt, indicating that they can
extract water required for their growth from relatively dry substances.
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4.2 EXPERIMENTAL

4.2.1 Evaluation Techniques

The following conditions must be met for the screening of antimicrobial activity:
(A) There should be intimate contact between the test organisms and substance
to be evaluated.
(B) Required conditions should be provided for the growth of micro organisms.
(C) Conditions should be same through the study.
(D) Aseptic / sterile environment should be maintained.

Various methods have been used from time to time by several workers to evalu-
ate the antimicrobial activity. The evaluation can be done by the following methods:
(a) Turbidometric method
(b) Agar streak dilution method
(c) Serial dilution method
(d) Agar diffusion method

Following Techniques are used as agar diffusion method:
(a) Agar Cup method
(b) Agar Ditch method
(c) Paper Disc method

We have used the “Broth Dilution Method” to evaluate the antibacterial
activity.

It is one of the non automated in vitro bacterial susceptibility tests. This classic
method yields a quantitative result for the among of antimicrobial agents that is
needed to inhibit growth of specific micro organisms. It is carried out in tubes.
(a) Macro-dilution Method in Tubes.
(b) Micro-dilution format using plastic trays.

4.2.2 Materials and Method

Determination of minimal bactericidal concentrations by agar cup method
All the synthesized drugs were used for antibacterial and antifungal test pro-

ducers
All necessary controls like:
- Drug control
- Vehicle control
- Agar control
- Organism control
- Known antibacterial drugs control
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All MTCC cultures were tested against above mentioned known and unknown
drugs. Inoculums size for test strain was adjust to 108 Cfu [Colony Forming Unit]
per milliliter by comparing the turbidity

Minimal Bactericidal Concentration [MBC] and Minimal Fungicidal
Concentration [MFC]

The main advantage of the ‘Broth Dilution Method’ for MBC determination lies
in the fact that it can readily be converted to determine the MBC as well.
1. Serial dilutions were prepared in primary and secondary screening.
2. The control tube containing no antibiotic is immediately sub cultured [be-

fore inoculation] by spreading a loopful evenly over quarter of plate on me-
dium suitable for the growth of the test organism and put for incubation at
37o C OVERNIGHT. The tubes are then incubated overnight.

3. The MBC of the control organism is read to check the accuracy of the drug
concentrations.

4. The lowest concentration inhibiting growth of the organism is recorded as
the MBC.

5. All the tubes not showing visible growth in the same manner as control tube
described above] are sub cultured and incubated overnight at 37o C.

6. The amount of growth from the control tuybe before incubation [which repre-
sents the original inoculum] is compared.

7. Subcultures may show: Similar number of colonies indicating bacteriostatic,
a reduced number of colonies-indicating a partial or slow bactericidal ac-
tivity & no growth – if the whole inoculum has been killed. The test must
include a second set of the same dilutions inoculated with an organism of
known sensitivity.

Method used for primary and secondary screening

Each synthesized drug was diluted obtaining 200 microgram / ml concentra-
tion, as a stock solution.
Primary screen: In primary screening 500 micro/ml, 250 micro/ml and 125 micro/
ml concentrations of the synthesized drugs were taken. The active synthesized
drugs found in this primary screening were further tested in a second set of dilution
against all micro organisms.
Secondary screen: The drugs found active in primary screening were similarly
diluted to obtain 100 micro/ml, 50 micro/ml, 25 micro/ml, 12.5 micro/ml, 6.250
micro/ml, 3.125 micro/ml and 1.5625 micro/ml concentrations.
Reading Result: The highest dilution showing at least 99% inhibition zone is taken
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as MIC. The result of this is much affected by the size of the inoculum. The test
mixture should contain 108 organism/ml.

Following common standard strains were used for screening of antibacterial
and antifungal activities:

(I) Escherichia coli [Gram negative] MTCC-442
(II) Pseudomonas aeruginosa [Gram negative] MTCC-441
(III) Staphylococcus aureus [Gram positive] MTCC-96
(IV) Streptococcus Pyogenes [Gram [positive] MTCC-443
(V) Candida albicans [Fungus] MTCC-227
(VI) Aspergillus Niger [Fungus] MTCC-282
(VII) Aspergillus clavatus [Fungus] MTCC-1323

DMSO was used as diluents / vehicle to get desired concentration of drugs to
test upon standard bacterial strains.

The Standard Drugs:
Minimal Bactericidal Concentration

Drug E. Coli P. 
Aeruginosa 

S. 
Aureus 

S. 
Pyogenus 

 MTCC-443 MTCC-441 MTCC-96 MTCC-442 

 µg/ml 

Ampicillin 100 100 250 100 

Chloramphenicol 50 50 50 50 

Ciprofloxacin 25 25 50 50 

Norfloxacin 10 10 10 10 

C. Albicans A. Niger A. Clavatus 

MTCC-227 MTCC-282 MTCC-1323 Drug 

µg/ml 

Nystatin 100 100 100 

Greseofulvin 500 100 100 

Minimal Fungicidal Concentration
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4.3 ACTIVITY TABLE

MINIMAL BACTERICIDAL CONCENTRATION (µg/ml) 

Sr. No. Ligand E. Coli P. Aeruginosa S. Aureus S. Pyogenus 

1. DAR 250 500 500 500 

2. H2L1 125 500 250 250 

3. H2L2 250 250 250 250 

4. H2L3 500 500 1000 1000 

5. H2L4 250 250 250 250 

6. H2L5 500 500 1000 500 

7. H2L6 250 100 250 250 

8. H2L7 100 100 500 500 

9. H2L8 250 250 500 250 

10. H2L9 500 500 500 500 

11. H2L10 100 500 500 500 

4.3.1 ANTIBACTERIAL ACTIVITY OF LIGANDS

MINIMAL FUNGICIDAL CONCENTRATION (µg/ml) 

Sr. No. Ligand C. ALBICANS A. NIGER A. CLAVATUS 

1. DAR 500 1000 1000 

2. H2L1 500 250 250 

3. H2L2 500 500 500 

4. H2L3 1000 500 500 

5. H2L4 1000 500 500 

6. H2L5 1000 1000 1000 

7. H2L6 250 250 250 

8. H2L7 250 500 500 

9. H2L8 500 500 1000 

10. H2L9 500 250 250 

11. H2L10 500 1000 1000 

4.3.2 ANTIFUNGAL ACTIVITY OF LIGANDS
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4.3.3 ANTIBACTERIAL ACTIVITY OF METAL CHELATES

MINIMAL BACTERICIDAL CONCENTRATION (µg/ml) 

Sr. No. METAL COMPLEX E. Coli P. Aeruginosa S. Aureus S. Pyogenus 

1. [Co(L1)2(H2O)2] 500 250 250 125 

2. [Ni(L1)2(H2O)2] 1000 1000 500 1000 

3. [Cu(L1)2(H2O)2] 125 250 100 62.5 

4. [Co(L2)2(H2O)2] 250 250 250 250 

5. [Ni(L2)2(H2O)2] 250 500 500 1000 

6. [Cu(L2)2(H2O)2] 125 500 500 250 

7. [Co(L3)2(H2O)2] 250 500 250 250 

8. [Ni(L3)2(H2O)2] 500 250 1000 500 

9. [Cu(L3)2(H2O)2] 500 1000 500 500 

10. [Co(L4)2(H2O)2] 500 250 100 125 

11. [Ni(L4)2(H2O)2] 1000 500 250 250 

12. [Cu(L4)2(H2O)2] 500 250 100 1000 

13. [Co(L5)2(H2O)2] 250 250 500 1000 

14. [Ni(L5)2(H2O)2] 500 100 1000 1000 

15. [Cu(L5)2(H2O)2] 62.5 100 1000 500 

16. [Co(L6)2(H2O)2] 500 1000 250 250 

17. [Ni(L6)2(H2O)2] 1000 1000 1000 500 

18. [Cu(L6)2(H2O)2] 500 250 125 100 

19. [Co(L7)2(H2O)2] 250 250 500 500 

20. [Ni(L7)2(H2O)2] 1000 1000 500 1000 

21. [Cu(L7)2(H2O)2] 500 250 100 125 

22. [Co(L8)2(H2O)2] 500 500 250 500 

23. [Ni(L8)2(H2O)2] 250 250 125 100 

24. [Cu(L8)2(H2O)2] 1000 1000 250 250 

25. [Co(L9)2(H2O)2] 1000 100 100 250 

26. [Ni(L9)2(H2O)2] 100 125 250 500 
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Sr. No. METAL COMPLEX E. Coli P. Aeruginosa S. Aureus S. Pyogenus 

27. [Cu(L9)2(H2O)2] 500 500 500 1000 

28. [Co(L10)2(H2O)2] 1000 250 100 250 

29. [Ni(L10)2(H2O)2] 500 250 500 250 

30. [Cu(L10)2(H2O)2] 250 1000 250 1000 

4.3.4 ANTIFUNGAL ACTIVITY OF METAL CHELATES

MINIMAL FUNGICIDAL CONCENTRATION (µg/ml) 

Sr. No. METAL COMPLEX C. ALBICANS A. NIGER A. CLAVATUS 

1. [Co(L1)2(H2O)2] 500 1000 1000 

2. [Ni(L1)2(H2O)2] 1000 1000 1000 

3. [Cu(L1)2(H2O)2] 500 1000 1000 

4. [Co(L2)2(H2O)2] 500 500 1000 

5. [Ni(L2)2(H2O)2] 500 1000 1000 

6. [Cu(L2)2(H2O)2] 250 250 500 

7. [Co(L3)2(H2O)2] 250 1000 500 

8. [Ni(L3)2(H2O)2] 500 500 1000 

9. [Cu(L3)2(H2O)2] 250 1000 1000 

10. [Co(L4)2(H2O)2] 1000 1000 1000 

11. [Ni(L4)2(H2O)2] 500 500 1000 

12. [Cu(L4)2(H2O)2] 250 500 500 

13. [Co(L5)2(H2O)2] 500 250 250 

14. [Ni(L5)2(H2O)2] 1000 500 500 

15. [Cu(L5)2(H2O)2] 250 500 500 

16. [Co(L6)2(H2O)2] 1000 1000 1000 

17. [Ni(L6)2(H2O)2] 1000 500 500 

18. [Cu(L6)2(H2O)2] 500 500 250 

19. [Co(L7)2(H2O)2] 1000 1000 1000 

20. [Ni(L7)2(H2O)2] 500 1000 500 

21. [Cu(L7)2(H2O)2] 1000 1000 1000 
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Sr. No. METAL COMPLEX C. ALBICANS A. NIGER A. CLAVATUS 

22. [Co(L8)2(H2O)2] 500 500 500 

23. [Ni(L8)2(H2O)2] 250 250 1000 

24. [Cu(L8)2(H2O)2] 1000 500 500 

25. [Co(L9)2(H2O)2] 250 250 125 

26. [Ni(L9)2(H2O)2] 500 1000 1000 

27. [Cu(L9)2(H2O)2] 250 250 250 

28. [Co(L10)2(H2O)2] 250 250 500 

29. [Ni(L10)2(H2O)2] 500 1000 1000 

30. [Cu(L10)2(H2O)2] 500 500 500 
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4.3.5 ANTIBACTERIAL ACTIVITY OF MIXED LIGAND METAL COMPLEXES

MINIMAL BACTERICIAL CONCENTRATION (µg/ml) 

Sr. 
No. 

METAL COMPLEX 
E. 

Coli 
P. 

Aeruginosa 
S. 

Aureus 
S. 

Pyogenus 

1. [Co2(L2)(8-HQ)2(H2O)4] 250 100 500 500 

2. [Ni2(L2)(8-HQ)2(H2O)4] 1000 250 250 250 

3. [Cu2(L2)(8-HQ)2(H2O)4] 100 100 100 100 

4. [Co2(L4)(8-HQ)2(H2O)4] 250 250 500 500 

5. [Ni2(L4)(8-HQ)2(H2O)4] 500 500 1000 1000 

6. [Cu2(L4)(8-HQ)2(H2O)4] 125 250 500 1000 

7. [Co2(L5)(8-HQ)2(H2O)4] 250 250 250 200 

8. [Ni2(L5)(8-HQ)2(H2O)4] 250 250 500 250 

9. [Cu2(L5)(8-HQ)2(H2O)4] 500 500 1000 250 

10. [Co2(L6)(8-HQ)2(H2O)4] 250 100 250 500 

11. [Ni2(L6)(8-HQ)2(H2O)4] 100 500 500 100 

12. [Cu2(L6)(8-HQ)2(H2O)4] 500 250 500 250 

13. [Co2(L2)(1,10-Phen)2(H2O)4] 500 500 100 100 

14. [Ni2(L2)(1,10-Phen)2(H2O)4] 250 250 250 100 

15. [Cu2(L2)(1,10-Phen)2(H2O)4] 100 250 500 500 

16. [Co2(L4)(1,10-Phen)2(H2O)4] 62.5 125 200 250 

17. [Ni2(L4)(1,10-Phen)2(H2O)4] 100 125 500 500 

18. [Cu2(L4)(1,10-Phen)2(H2O)4] 500 500 250 500 

19. [Co2(L5)(1,10-Phen)2(H2O)4] 500 500 500 100 

20. [Ni2(L5)(1,10-Phen)2(H2O)4] 250 250 500 500 

21. [Cu2(L5)(1,10-Phen)2(H2O)4] 100 500 1000 1000 

22. [Co2(L6)(1,10-Phen)2(H2O)4] 250 250 100 500 

23. [Ni2(L6)(1,10-Phen)2(H2O)4] 250 500 500 500 

24. [Cu2(L6)(1,10-Phen)2(H2O)4] 500 1000 500 250 
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4.3.6 ANTIFUNGAL ACTIVITY OF MIXED LIGAND METAL COMPLEXES

MINIMAL FUNGICIDAL CONCENTRATION (µg/ml) 

Sr. 
No. 

METAL COMPLEX C. ALBICANS A. NIGER A. CLAVATUS 

1 [Co2(L2)(8-HQ)2(H2O)4] 100 500 1000 

2 [Ni2(L2)(8-HQ)2(H2O)4] 250 1000 1000 

3 [Cu2(L2)(8-HQ)2(H2O)4] 125 500 1000 

4 [Co2(L4)(8-HQ)2(H2O)4] 500 400 1000 

5 [Ni2(L4)(8-HQ)2(H2O)4] 500 500 250 

6 [Cu2(L4)(8-HQ)2(H2O)4] 500 1000 500 

7 [Co2(L5)(8-HQ)2(H2O)4] 100 100 100 

8 [Ni2(L5)(8-HQ)2(H2O)4] 250 500 1000 

9 [Cu2(L5)(8-HQ)2(H2O)4] 500 500 500 

10 [Co2(L6)(8-HQ)2(H2O)4] 1000 1000 500 

11 [Ni2(L6)(8-HQ)2(H2O)4] 1000 500 250 

12 [Cu2(L6)(8-HQ)2(H2O)4] 500 100 500 

13 [Co2(L2)(1,10-Phen)2(H2O)4] 125 125 1000 

14 [Ni2(L2)(1,10-Phen)2(H2O)4] 1000 250 250 

15 [Cu2(L2)(1,10-Phen)2(H2O)4] 1000 1000 125 

16 [Co2(L4)(1,10-Phen)2(H2O)4] 250 250 100 

17 [Ni2(L4)(1,10-Phen)2(H2O)4] 250 250 1000 

18 [Cu2(L4)(1,10-Phen)2(H2O)4] 500 1000 1000 

19 [Co2(L5)(1,10-Phen)2(H2O)4] 500 100 100 

20 [Ni2(L5)(1,10-Phen)2(H2O)4] 500 1000 1000 

21 [Cu2(L5)(1,10-Phen)2(H2O)4] 250 500 1000 

22 [Co2(L6)(1,10-Phen)2(H2O)4] 500 500 1000 

23 [Ni2(L6)(1,10-Phen)2(H2O)4] 1000 1000 1000 

24 [Cu2(L6)(1,10-Phen)2(H2O)4] 1000 1000 1000 
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4.4 ACTIVITY CHART
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RESULTS AND DISCUSSION

In the present study 65 new compounds were synthesized from Diacetyl
resorcinol. These compounds are Schiff bases and their metal chelates.

The analytical data and spectral study confirm the structure of the newly synthe-
sized compounds. The diacetyl resorcinol reacts with different substituted amines
and to give Schiff bases, which are mainly, confirmed by IR, 1H NMR and Mass
spectroscopy. Theses Schiff base ligands further react with bivalent metal salts
and gives metal chelates. In case of mixed ligand complexes it reacts further with
another organic ligand. The formation of metal chelates and mixed ligand com-
plexes is confirmed by IR, Electronic spectra, ESI Mass spectroscopy, ESR spec-
troscopy, elemental analysis, magnetic properties and TGA. The IR spectra of metal
chelates indicates mainly two types of frequencies, i.e. stretching frequency of H2O
(Coordinate water molecule) and lowering value of C=N group. The percentage of
metal in metal chelates obtained by elemental analysis. The molecular weight of
metal chelates is confirm by ESI mass spectra. The electronic spectral study is
used to determine the geometry or symmetry of metal chelates. The electronic
spectral study reveals the symmetry of all Co(II) and Ni(II) complexes to be octahe-
dral, while the symmetry of all Cu(II) complexes is distorted octahedral. The ligand
metal ratio in metal chelates is 2:1 and the ligand metal ligand ratio in mixed ligand
complexes is 1:2:2. All metal complexes are paramagnetic in nature.

All the Schiff base ligands and their metal chelates were tested for their bio-
logical activity. The antibacterial and antifungal activity of the newly synthesized
ligands and their metal complexes was tested on gram positive bacteria, Staphy-
lococcus Aureus and Streptococcus Pyogenes and gram negative bacteria Es-
cherichia coli and Pseudomonas aeruginosa and fungi, Candida Albicans, As-
pergillus Niger and Aspergillus Clavatus.

The Minimal Bactericidal Concentration (MBC) values of the ligands H2L1(125),
H2L7(100) and H2L10(100) against E. Coli are comparable to the standard drug
ampicillin. The ligands H2L6(100) and H2L7(100) show identical MBC values against
P. Aeruginosa with reference to ampicillin. The ligands H2L1(250), H2L2(250) and
H2L4(250) exhibit similar MBC values against S. Aureus in comparison to ampicil-
lin. All the ligands reveal remarkably high MBC values against S. Pyogenus in com-
parison to standard drug taken. The Minimal Fungicidal Concentration (MFC) val-
ues of the ligands H2L6(250) and H2L7(250) are half, while those of the ligands
DAR, H2L1(500), H2L2(500), H2L8(500), H2L9(500) and H2L10(500) are identical to
the MFC value of standard drug Greseofulvin against the fungi C. Albicans. All the
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ligands reveal high MFC values against A. Niger and A. Clavatus in comparison to
standard drugs. The identical MBC values of ligands H2L

7 and H2L
10 indicates

equivalent antibacterial activity in comparison to standard drug ampicillin. The low
MFC values of Schiff base ligands H2L

6 and H2L
7 containing methoxy(-OCH3) and

chloro(-Cl) groups as substituents respectively indicates good antifungal activity
as compared to standard drug greseofulvin against C.Albicans.

The MBC values of metal chelates 3(125) and 6(125) are slightly more and the
MBC values of chelate 26(100) is equivalent to the MBC value of ampicillin against
E.Coli. The MBC value of metal chelate 15(62.5) is slightly more than the standard
Chloramphenicol against E. Coli. The MBC values of the metal chelates 14(100),
15(100) and 25(100) are equivalent to that of standard ampicillin against P.
Aeruginosa. The MBC values of the chelates 1(250), 4(250), 7(250), 11(250),
16(250), 24(250), 26(250) and 30(250) against S. Aureus are similar to that of the
standard ampicillin, while chelates 3(100), 10(100), 12(100), 18(125), 21(100),
23(125), 25(100) and 28(100) show relatively low MBC values. The metal chelate
3(62.5) is quite low with reference to ampicillin, while chelates 18(100) and 23(100)
reveals identical MBC values against S. Pyogenus. The MFC values of metal che-
lates 1(500), 3(500), 4(500), 5(500), 8(500), 11(500), 13(500), 18(500), 20(500),
22(500), 26(500), 29(500) and 30(500) against C. Albicans are similar to that of
the standard drug Greseofulvin, while the chelates 6(250), 7(250), 9(250), 12(250),
15(250), 23(250), 25(250), 27(250) and 28(250) show relatively half MFC values.
All metal chelates reveal remarkably high values of MFC against A. Niger and A.
Clavatus in comparison with standard drugs. The low MBC value of metal chelate
[Cu(L5)2(H2O)2] containing copper metal ion and Schiff base ligand of 4-methyl anilin
in comparison to standard drug ampicillin against E.Coli reveals good activity. The
metal chelates of Co,Ni and Cu and halogenated Schiff bases ([Cu(L2)2

(H2O)2].[Co(L3)2 (H2O)2],[Cu(L3)2 (H2O)2],[Cu(L4)2 (H2O)2],[Cu(L5)2 (H2O)2],[Ni(L8)2

(H2O)2],[Co(L9)2 (H2O)2],[Cu(L9)2 (H2O)2],[Co(L10)2 (H2O)2] exhibits half the values of
MFC against C-Albicans as compaired to greseofulvin is an indication of very
good activity against the same.

The MBC values of Mixed ligand metal complexes 3(100), 6(100), 11(100),
15(100), 17(100), 21(100), against E. Coli are similar to that of the standard drug
ampicillin, while the complex 16(62.5) show relatively low MBC value. The MBC
values of the complexes 1(100), 3(100), 10(100), 16(100) and 17(100) are equiva-
lent to that of standard ampicillin against P. Aeruginosa. The metal complexes
3(100), 13(100), 22(100) are quite low with reference to ampicillin, while the com-
plexes 2(250), 7(250), 10(250), 14(250), 16(250) and 18(250) reveals identical
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MBC values against S. Aureus. The MBC values of the complexes 3(100), 11(100),
13(100), 14(100) and 19(100) against S. Pyogenus are comparable to the stan-
dard drug ampicillin. The MFC values of the mixed ligand metal complexes 4(500),
5(500), 6(500), 9(500), 12(500), 18(500), 19(500), 20(500) and 22(500) against
C. Albicans are similar to that of the standard drug Greseofulvin, while the com-
plexes 2(250), 8(250), 16(250), 17(250) and 21(250) show relatively half MFC
values. The metal complexes 1(100), 3(125), 7(100) and 13(125) reveals identical
MFC values against C. Albicans with reference to the Nystatin. The MFC values of
the complexes 7(100), 12(100), 13(100) and 19(100) against A. Niger and the
complexes 7(100), 15(100), 16(100) and 19(100) against A. Clavatus are compa-
rable to the standard drugs Nystatin and Greseofulvin.

The low MBC value of the metal complex [Co2(L4)(1,10-Phen)2(H2O)4] against
E.Coli as compaired to ampicillin is related to bromo substituted Schiff base and
organic ligand 1,10-phenthrolin with Nickel metal ion. The MFC value of complexes
[Co2(L5)(8-HQ)2(H2O)4] and [Co2(L5) (1,10-Phen)2(H2O)4] indicates good antifungal
activity against both fungi A.Niger and A.Clavatus as compaired to the standard
drug Nystatin and greseofulvin is related to the methyl and methoxy substituted
Schiff base ligands with cobalt and nickel as central metal ions.



Synthesis, characterization and biological evaluation of
bis-bidentate Schiff base metal complexes

INTRODUCTION

The interest of the coordination complexes of Schiff
bases stems from their versatile catalytic reactions for
organic synthesis[1-4] and its use in degradation of or-
ganic substances[5] and in radiopharmaceuticals[6] and
their ability to reversibly bind oxygen[7] and photochro-
mic properties[8], and the complexing ability towards
transition metals. Due to such a wide range of applica-
tions, new three series of binuclear complexes of
copper(II), nickel(II), and cobalt(II) ions with three
Schiff base, H

2
L1, H

2
L2 and H

2
L3 ligands are of par-

ticular interest. The purpose is to alter the metal ion
coordination environment, which is primarily respon-
sible for the properties exhibited by the complex.
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Due to such a wide range of applications[9,10], new
three series of binuclear complexes of 4,6-bis(1-(4-
substitutedphenylimino)ethyl)benzene-1,3-diols have
been prepared by the condensation of 4,6-
diacetylresorcinol with 4-chloroaniline, 4-flouroaniline
and 4-methylaniline, to afford the corresponding Schiff
base ligands, which serves as tetradentate Schiff base
ligands, abbreviated as H

2
L1, H

2
L2 and H

2
L3, respec-

tively. The ligands are either di- or tetra-basic with two
symmetrical sets of either OON or NNO tridentate
chelating sites. Reaction of the Schiff base, H

2
L1, H

2
L2

and H
2
L3, ligands with copper(II), nickel(II), cobalt(II),

in molar 2:1 ratio afforded the corresponding transition
metal complexes (SCHEME 1). The structures of the
ligands and the newly prepared complexes were iden-
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synthesized by the condensation of 4,6-diacetylresorcinol with 4-
chloroaniline, 4-flouroaniline and 4-methylaniline respectively. The ligands
behave as dibasic bis-bidentates yielding polymeric complexes. The ligands
and their metal complexes have been characterized by 1H NMR, IR, mass,
ESR and elemental analysis. The bonding sites are the azomethine and
phenolic oxygen atoms. The metal complexes exhibit different geometrical
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tified by elemental analyses, infrared, electronic, mass,
1H-N.M.R. and ESR spectra as well as thermal gravi-
metric analysis (TGA). The bonding sites are the
azomethine and phenolic and alcoholic oxygen atoms,
the metal complexes exhibit different geometrical ar-
rangements such as tetrahedral, octahedral and distorted
octahedral arrangement. The biological evaluation of
the ligands and metal complexes against some patho-
genic bacteria are also reported[23].

EXPERIMENTAL

Materials

4,6-Diacetylresocinol was synthesized according to
the literature method[11,12]. Copper(II), nickel(II) and
cobalt(II) were used as nitrate salts and were Merck
or BDH. Organic solvents EtOH, absolute EtOH,
MeOH, acetone, dimethylformamide (DMF) and dim-
ethylsulfoxide (DMSO) were reagent grade and were
used without further purification.

Synthesis of the Schiff base ligand

The Schiff base, H
2
L1, H

2
L2 and H

2
L3, Ligands

were synthesized by adding 4,6-diacetylresorcinol
(4.85g, 25.0mmol) dissolved in hot absolute EtOH
(20cm3) to 4-chloroaniline (6.37g, 50.0mmol), 4-
flouroaniline (5.55g, 50.0 mmol) and 4-methylaniline
(5.35g, 50.0mmol) respectively, in absolute EtOH
(20cm3). The reaction mixtures were heated to reflux
for 3h. The products obtained were filtered off and
washed several times with a few amount of EtOH then
ether and air dried. The products were kept in a desic-
cator until used. Recrystallization was carried out in
EtOH. The yields were 8.4 g (75%), for H

2
L1 and 7.8g

(75%) for H
2
L2 and H

2
L3. m.p. of these three ligands

are >170C. A general chemical reaction for ligand is
formulated as in (SCHEME 2).

Synthesis of metal complexes

The metal chelates were prepared by refluxing the
respective metal(II) nitrate(hexahydrate) (1mmol) in 20
ml of methanol with the ligand, H

2
L (2 mmol) in 20ml of

methanol on a water bath for about 4hrs. The pH of the
solution was adjusted to 7 by drop wise addition of
10% methanol ammonia solution. The metal chelates
got separated after cooling the solution overnight. The
metal chelates thus separated were washed with metha-
nol followed by pet ether (60-80) and dried in vacuum.
The yield is 72-79%. The complexes (SCHEME 1)
are insoluble in water and alcohol but soluble in
DMSO[13].

Bacterial culture

The strains of bacteria used were Escherichia coli,
B.Spinzinii, Pseudomonas aeruginosa, and Staphy-
lococcus aureus. All strains were used standard. The
identity of all the strains was confirmed[24]. A bacterial
pension was prepared and added to the sterilized me-
dium before solidification. The media with bacteria was
poured into sterilized Petri dishes under aseptic condi-
tion. Different weights of Schiff base, Co(II), Cu(II),
Ni(II) Schiff bases complexes; (1mg, 5mg and 10mg)
were placed on the surface of the culture and incubated
at 370C for 24 h. After incubation the inhibition (mm)
and the average of inhibition zones recorded.

RESULTS AND DISCUSSION

UV-vis spectra of the metal complexes in DMF

OHO

CC NN
CH3 H3C

R R

M
OHO

CC NN
CH3 H3C

R R

H2O

H2O

Where R= Cl, F, CH3 and M= Cu(II), Co(II) and Ni(II)

HO OH

C C
+

OO
CH3 CH3

H2N R

OHHO

CC NN
CH3 CH3

RR

2

where R=Cl,F,CH3

SCHEME 1: Structure of metal complex

SCHEME 2: General reaction for Schiff base ligands
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TABLE 1: The analytical and physical data of the ligand and metal complexes

Elemental analysis, %  
found/(Calcd) 

Ligand or 
complex Formula M.W. Color 

Yield 
(% ) 

m.p. 
(C) 

C H N M 

1 H2L1 C22H18Cl2N2O2 413.3 Reddish 
brown 

75% 170 63.90 
(63.93) 

4.37 
(4.39) 

6.75 
(6.78) 

- 

2 H2L2 C22H18F2N2O2 380.39 
Reddish 
brown 75% 210 

69.44 
(69.46) 

4.73 
(4.77) 

7.34 
(7.36) - 

3 H2L3 C24H24N2O2 372.46 
Reddish 
brown 

75% 190 
77.36 

(77.39) 
6.47 

(6.49) 
7.49 

(7.52) 
- 

4 [NiL1(H2O)]n C44H34Cl4N4NiO4 883.27 Green 78% >300 
59.78 

(59.83) 
3.85 

(3.88) 
6.33 

(6.34) 
6.61 

(6.65) 

5 [NiL2(H2O)]n C44H34F4N4NiO4 817.45 Green 76% >300 
64.61 

(64.65) 
4.17 

(4.19) 
6.83 

(6.85) 
7.13 

(7.18) 

6 [NiL3(H2O)]n C48H46N4NiO4 801.6 Green 75% >300 
71.90 

(71.92) 
5.75 

(5.78) 
6.96 

(6.99) 
7.28 

(7.32) 

7 [CuL1(H2O)]n C44H34Cl4CuN4O4 888.12 
Deep 
brown 79% >300 

59.47 
(59.50) 

3.82 
(3.86) 

6.28 
(6.31) 

7.12 
(7.16) 

8 [CuL2(H2O)]n C44H34CuF4N4O4 822.3 
Deep 
brown 78% >300 

64.24 
(64.27) 

4.16 
(4.17) 

6.79 
(6.81) 

7.67 
(7.73) 

9 [CuL3(H2O)]n C48H46CuN4O4 806.45 
Deep 
brown 

79% >300 
71.48 

(71.49) 
5.74 

(5.75) 
6.93 

(6.95) 
7.83 

(7.88) 

10 [CoL1(H2O)]n C44H34Cl4CoN4O4 883.51 
Reddish 
brown 72% >300 

59.76 
(59.81) 

3.84 
(3.88) 

6.33 
(6.34) 

6.60 
(6.67) 

11 [CoL2(H2O)]n C44H34CoF4N4O4 817.69 
Reddish 
brown 72% >300 

64.60 
(64.63) 

4.17 
(4.19) 

6.81 
(6.85) 

7.17 
(7.21) 

12 [CoL3(H2O)]n C48H46CoN4O4 801.84 
Reddish 
brown 

69% >300 
71.89 

(71.90) 
5.75 

(5.78) 
6.97 

(6.99) 
7.28 

(7.35) 

TABLE 2: 1HNMR spectral data of ligand and metal complexes

OHHO

C C NN
CH3

CH3

RR

a a

bb c

d

e e

f f

ee

ff

gg

 

N
O

N
OM LL

Assignment H2L
1 H2L

2 H2L
3 Complexes 

Ha 2.1(6H) 2.1(6H) 2.1(6H) 2.1(6H) 
Hb 12.92(1H)12.92(1H) 12.92(1H) - 
Hc 6.36(1H) 6.36(1H) 6.36(1H) 6.36(1H) 
Hd 7.64(1H) 7.64(1H) 7.64(1H) 7.64(1H) 
He 6.61(2H) 6.61(2H) 6.61(2H) 6.61(2H) 
Hf 7.0(2H) 7.0(2H) 7.0(2H) 7.0(2H) 

Hg - - 2.35(6H) 
2.35(6H) 

(H2L
3 complex) 

were recorded on a Jasco 550 Spectrophotometer. IR
spectra of the ligands and their metal complexes, as
KBr discs, were recorded on an 8400 FTIR Simadzu
Spectrometer. 1HNMR spectra of the ligand and its
complexes, in DMSO-d6, were recorded on a Bruker
Avance II 400 Spectrometer at room temperature us-
ing TMS as internal standard. Mass spectra were re-
corded at QP 2010 Shimadzu GCMS Spectrometer.
and ESR was recorded on E-112 ESR Spectrometer,
at X-band microwave frequency (9.5 GHz) with sensi-
tivity of 51010 H spins. TG and DT analyses[14] were

recorded on NETZSCH TGA-DTA /DSC instrument.
The reactions of the Schiff-base, H

2
L, with differ-

ent metal ions produce a new series of binuclear metal
complexes, M1/2, Ni(II), Cu(II), and Co(II). The ana-
lytical and physical data of the Ligand and Metal com-
plexes are listed in (TABLE 1).

Characterization of the ligands and metal complexes

Mass spectroscopy was performed on the H
2
L

ligand to determine its molecular weight and fragmen-
tation pattern. The molecular ion peak was observed at
m/e 412, m/e 380, m/e 372, confirming its formula
weight (FW) 413, 380, 372 for H

2
L1, H

2
L2 and H

2
L3

respectively. Which are same as the calculated m+ val-
ues. The general schematic fragmentation of the ligand
is depicted in (SCHEME 3).

The 1H NMR spectrum of H
2
L and complexes in

DMSO-d6 (TABLE 2) showed signals at  (ppm) 2.1
(3H, CH

3
a), 12.92 (1H, OH-phenolicb), 6.36 (1H, Ar-

Hc), 7.64 (1H, Ar-Hd), 6.61 (2H, Ar-He), 7.0(2H, Ar�
Hf), and 2.35 (3H, CH

3
g). It is observed that the signal

due to the proton (12.92, phenolic-OHb) completely
disappeared on adding D

2
O, while the other signals still
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exist at their expected positions. The integral ratio of
the protons is in agreement with the expected structure
of the ligand and metal complex[15].

The IR spectrum of the ligand shows a broad band
at 3430 cm-1 due to the stretching vibrations of phe-
nolic hydroxyl groups. The broadness is due to inter-
molecular hydrogen bonding between the phenolic
groups and the azomethine groups. The band at 1246
cm-1 is ascribed to the (CO) stretching vibrations,
where the strong band observed at 1610 cm-1 is as-
signed to the stretching vibrations of the azomethine
group. The band for p-substitution at 686 & 770[16].

The characteristic bands of the infrared spectra the

metal complexes are listed in (TABLE 3). The IR spec-
tra of complexes (412) exhibit a broad band around
3200-3463 cm-1 assigned to (OH) of water molecules
associated with the complex, which are also confirmed
by elemental and thermal analyses. The IR spectra of
the complexes show a shift of the (C=N) band to-
wards lower wavenumbers of 1635-1665 cm-1 com-
pared with the free ligand band at 1680 cm-1. This shift
indicates coordination of the two azomethine groups to
the metal ions. Coordination through the phenolic oxy-
gen after deprotonation is revealed by the appearance
of a band due to (C-O) at much lower frequencies
(1205-1225 cm-1) in all the complexes compared to

OHOH

C C NN

CH3
CH3

FF

380
H2L (Schiff base)

OHOH

C C NN

CH3
CH3

F

M/Z 361

-F

· +

-C6H5

OHOH

C C NN

CH3
CH3

F
· +

M/Z 285

-N

OHOH

C CN

CH3
CH3

F

M/Z 271

· +

OHOH

C CN

CH3
F

M/Z 256

· +

-CH3

-C

O
HOH

CN

CH3

F

M/Z 244

· +

O
HOH

CN

CH3

M/Z 226

· +

-F

-C6H5

OHOH

CN

CH3 M/Z 150

+·

-N

OHOH

C

CH3
M/Z 136

+·

OHOH

C

M/Z 121

+·
-CH3

-C

OHOH

M/Z 109

+·

-HCHO
-3O

M/Z 79

HO
· +

-OH

M/Z 62

· +

+ 6H·

C5H9

M/Z 69

SCHEME 3: The schematic fragmentations of H2L ligand
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that of H
2
L (1236 cm-1), suggesting that the hydroxyl

groups of the Schiff-base coordinate[17] with the metal
ions.

Thermo gravimetric analysis shows that the weight
loss is observed in all the divalent complexes[18]. The
weight loss is found to be two mole of coordinated water
per mole of the complex. Differential thermal analysis
shows that one endothermic peak is observed in each
complex. This indicates that the weight loss occurs in a
single step. The loss of coordinated water occurs at
1300C for Cu(II), 1400C for Ni(II), 1500C for Co(II),
complexes respectively.

The electronic spectrum of the ligand H
2
L(10-3M

in DMF), shows mainly three bands at 210, 242 and
370nm due to (1L

a
1A

1
) and (1L

b
1A

1
) transitions of

TABLE 3: The characterization bands of the infrared spec-
trum of H

2
L, and their metal complexes

Ligand or complex 
-OH 

(Phenolic or 
crystalline) 

(C=N) (M�O) (M�N) 

1 H2L1 3430br 1680s - - 

2 H2L2 3409br 1680s - - 

3 H2L3 3356br 1680s - - 

4 [NiL1(H2O)]n 3240br 1654s 558m 390w 

5 [NiL2(H2O)]n 3370br 1660s 467m 372w 

6 [NiL3(H2O)]n 3380br 1640s 495m - 

7 [CuL1(H2O)]n 3463br 1635s 467m 365w 

8 [CuL2(H2O)]n 3430br 1653s 455m 370w 

9 [CuL3(H2O)]n 3433br 1645s 465m 372w 

10 [CoL1(H2O)]n 3200br 1645s 504m 346w 

11 [CoL2(H2O)]n 3233m 1652s 416m - 

12 [CoL3(H2O)]n 3238br 1655s 480m 370w 

S=Strong, w=weak, m=medium and br=broad.

TABLE 4: Antibacterial activities of ligand and metal complexes

E-Coli E-aeroges B.spinzinii Pseudomonas aeruginosa Staphylococcus aureus Compound/Organism 
Zone of inhibition in mm 

1 H2L
1 5 - 6 - 7 

2 H2L
2 - - 5 - 6 

3 H2L
3 - - 8 5 7 

4 [NiL1(H2O)]n 5 - 6 - 5 
5 [NiL2(H2O)]n 5 - 5 - 4 
6 [NiL3(H2O)]n 6 - 7 3 6 
7 [CuL1(H2O)]n 9 8 8 7 7 
8 [CuL2(H2O)]n 6 5 5 - 5 
9 [CuL3(H2O)]n 8 5 9 7 9 

10 [CoL1(H2O)]n 7 5 8 5 8 
11 [CoL2(H2O)]n 4 4 7 4 7 
12 [CoL3(H2O)]n 9 6 8 5 9 

E.Coli = Escherichia coli

the phenyl ring and -* transition within the C=N
group. In addition, a broad band at 410nm is due to the
n-* transition which is overlapping with the intermo-
lecular CT from the phenyl ring to the azomethine group.

The electronic spectrum of Co (II) complex has
multiple bands observed at 20000-19230, 16393-5625
and 7143 cm-1. These bands are ascribed to
4T

1g
(F)4T

2g
(1); 4T

1g
(F)4A

2g
 (2)and 4T

1g
(F)

4T
1g

(P) (3) transitions respectively. The 2/1 ratio is
in the range. 295-2.187, which is consistent with the
octahedral geometry[19]. The Ni(II) complex has three
spin allowed transitions at 10000, 18518, 20833-
23256 and 29412 cm-1.These bands are correlated to
3A

2g
3T

2g
; 3A

2g
3T

1g
(F) and 3A

2g
3T

1g 
(P) transi-

tions respectively in an octahedral stereochemistry[20].
The electronic spectrum of Cu(II) complex shows a
multiple structured broad band in the range 13250-
17390 cm-1 which may be assigned as a combination
of three transitions 2B

1g
2A

2g
; 2B

1g
2B

2g
 and

2B
1g
2E

g
 in a distorted octahedral geometry[21]. Based

on the magnetic data and electronic spectral data octa-
hedral geometries have been proposed for all the com-
plexes.

ESR spectrum of Cu (II) complex was recorded at
room temperature using DPPH as the standard. The
spectrum consists of a single intense signal. The g value
has been found to be 2.0027, which is greater than the
free electron value[22]. This indicates that the unpaired
electron is largely localized on the metal ion.

Antibacterial activity

TABLE 4 exhibits the zone of bacterial growth in-
hibition of the Schiff base which synthesized from
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(1995).
[4] T.Nakamura, K.Niwa, M.Fujiwara, T.Matsushita;

Chem.Lett., 1067 (1999).
[5] Y.K.Choi, W.S.Kim, K.I.Chung, M.W.Chung, H.P.

Nam; J.Microchem., 65, 3 (2000).
[6] M.A.Green, H.Luo, P.E.Fanwick; Inorg.Chem., 37,

1127 (1998).
[7] R.D.Jones, R.D.Summerville, F.Basolo; Chem.

Rev., 79, 139 (1979).
[8] J.D.Margerum, L.J.Miller; Photochromism,

Interscience Wiley, New York, 569 (1971).
[9] A.A.A.Emara, A.A.A.Abu-Hussen; Spectrochim.

Acta, A64, 1010 (2006).
[10] H.S.Seleem, A.A.A.Emara, M.Shebl; J.Coord.

Chem., 58, 1003 (2005).
[11] Gadgil, V.ramachandra, Harichian; bijan, Process for

preparation of cosmetic active.(Unilever PLC, UK;
Unilever NV; Hindustan Lever Ltd.) PCT, (2004).

[12] A.S.R.Anjaneyulu, A.V.RamaPrasad, D.Sivakumar
Reddy; Curr.Sci., 48, 300-301 (1979).

[13] Ali Taha; Spectochimica acta. Part A, 59(7), 1611-
20 (2003).

[14] A.A.A.Emara, F.S.M.Abd El-Hameed, S.M.E.
Khalil; Phosphorus, Sulfur Silicon, 114, 1 (1996).

[15] R.M.Silverstein, G.C.Bassler, T.C.Morrill; �Spectro-
metric Identification of Organic Compounds�, 5th

edition, John Wiley & sons, Inc,N Y, 183 (1991).
[16] K.Nakamoto; �Infrared and Raman spectra of In-

organic and Coordination Compounds�, Part B, 5th

ed., John Wiley: New York, 159 (1997).
[17] L.J.Bellamy; �The Infrared Spectra of Complex

Molecules�, 2nd ed , Chapman and Hall: New York,
2, (1980).

[18] M.G.Derebe, V.J.T.Raju, N.Retta; Bull.Chem.Soc.
Ethiop, 16(1), 53 (2002).

[19] Bachcha Singh, R.Uday Singh; Tr.Met.Chem.,
20(2), 100 (1995).

[20] J.K.Cherutoi, L.L.Cherjuiyot, C.P.Kiprono;
Bull.Chem.Soc., Ethip, 19(2), 295 (2005).

[21] Sk.Kamruddin, A.Roy; Indian J.Chem., 40A, 211
(2001).

[22] A.Taha; Spectrochimica Acta, 59A, 1373 (2003).
[23] M.M.el-ajaily, F.A.abdlseed, S.Ben-gweirif; E-jour-

nal of chemistry, 4, 461-466 (2007).
[24] LI, Mei-Ying, HU, Pei-Zhi, ZHU, Jun-Cheng, LIU,

Yi, XU Kuo-Xi; Chinese Journal of Chemistry, 22,
162-166 (2004).

Diacetyl resorcinol and its complexes of Co(II), Cu(II)
and Ni(II) against the tested bacteria. The Schiff base
(H

2
L) and metal complexes displays effect against all

bacteria tested. The test results presented in TABLE 4
show that moderate effect against both gram positive
and gram negative bacteria in comparison with stan-
dard drugs ampicillin, amoxicillin, and sefalexin in this
study. The study indicates that the Cu(II), Co(II) solid
complex has antibacterial activity against all bacteria
used[23,24].

CONCLUSION

The ligand H
2
L behaves as a dibasic tetradentate

ligand with O:N:N:O donor sequence coordinating
through the nitrogen of the azomethine free and both
oxygen of phenol groups. All the complexes have a
polymeric octahedral geometry with a metal to ligand
ratio of 1:2 Coordinated water molecule is found in all
the divalent complexes. On the basis of analytical, mag-
netic and electronic spectral data polymeric octahedral
geometries have been proposed for all the complexes
(SCHEME 1). The complex screen for antibacterial
activity and result show moderate in comparison with
standard drugs.
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