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ABSTRACT

The Schiff base ligands and their complexes of divalent metals of Ni(iI).
Co(ll) and Cu(ll) were investigated in terms of svnthesis, elemental
analysis, molar conductivity, thermal analysis, infrared spectra, ultraviolet-
visible and magnetic susceptibility measurements. The ligands have been
synthesized by condensation of benzoylacetone and ethylenediamine,
o-phenylenediamine and 1,6-hexanediamine to gives H.L' . CaaHayN- 04,
[NN-bis(benzu}'lacemne)ethylencdiamine}; HiL . CagHauN;O; [N,N-
(benzoylacclunc}-u-phen}'lenediamline]; HoL) = CpgHiNyOs, [N.N-bis
(benzoylacetone)}-1,6- hexanediamine] respectively. The fourth ligand is
formed by the condensation of benzoin and o-phenylenediamine
H;I.J.C;,.H;gNzOL [N,N_bis{Benzoin)-u-phcn}'lune- diamine]. The ligands
and their  fifteen complexes have been synthesized by two different
methods and their geometries were investigated. A synthesis and
characterization of novel ligand and complexes of benzoin derivatives has
been achieved. The study also confirmed the formation of mon- and

binuclear metal. The binuclear metal complexes are synthesized by new

methods,

XI
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L1 Schilf base complexes

Schifl’ bases are well known clagses of organic compounds. These
compounds are in which both hydrogen atoms of the amine group {an
aromatic or aliphatic ;'!I.'illlill'}' amines) are replaced by one hvdrocarbon
group are known as imines, azomethine, or more commonly known Schiff
base and containing the structure (C=N—). An imine is a nitrogen analog
of an aldehyde or ketone in which the (C=0) group is replaced by a
(C=NR) group where R . alkyl, aryl or 111,

Imines formation is an example of a large class of reactions in which
two or more organic compounds were condensed together with elimination
of water molecules. Formation of imine is reversible and generally takes
place with acid or base calalysis or with heat. "The mechanism of imine
formation beging as nucleophilic addition to the carbonyl group in this case
the nucleophilic is (he amine which reacts with the aldehyde or ketone 1o
give an imines . In the first stage of the reaction the amine add 1o (he
carbonyl group to give a species known as a carbinolamine, Scheme ().

Once tormed the carbinolamine undergoes dehydration to vield the product

of the reaction, an N—alkyl or N—aryl substituted imines '
Q addilion ?H elimualon MR
R-{ + R=NH, ——= R—R === RJ{R. + H:0
R HNR" M-subsiluted wiles
carbaolamre e

Scheme (B}, Formation of Schilf hase.

(]
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II" one or both reagents are aromatic the Schifl bases are formed
because the presence of the aromatic ring in conjugation with the doubice
bond in the preduct is apparently necessary 1o provide stability * Imines
are important in many biochemical reactions because many CNZYMCS Use 3
NH; group of an amino acid to react with an aldehyde or ketone 1o form an
imine linkage '*. Both imine formation and hydrolysis have been studied

extensively because of their relevance o biochemical processes. Many

biological reactions involve initial binding a carbonyl compound to an
enzyme or cocnzyme by way of imine formation. Recently they used
imidazole containing Sehifl base ligands in synthesis of (ransition metal
complexes as structural models of some metalloenzyme * ™. Sehiff bases
represent an important class of chelating agents; the metal complexes of
which have been studied widely. During the past decades, there has been a
great deal of interest in the synthesis and characterization of transition
metal Schiff base chelate because of their importunt as catalysts tn many
reactions such as carbonylation, hydroformylation, reduction, oxidation,

e . 812
epoxidation and hydrolysis ™'

Metal complexes of Schiff base have
contributed widely to the inorganic chemistry of chelate system. Many ol
these transition metal complexes derivatives of Schifl’ bases have bueen
prepared and investigated and are studied extensively due to svithetic

flexibility of these compounds und selectivity as well ag sensitivity toward

i .
the central metal ',

Lad
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The transition metal complexes with Sehill bases have been amongsl
the most widely coordination compounds. tn general the azomethine group
(C=N—=) which is functional group of the Schifl’ basc is aided in the
tormation of stable complexes by either a such group (1) an acid group like
a phenolic OH (11 or another donor group (111} the formation of a chelate
ring scems essential for the production of stable complexes with ligand

. : ?
containing the azomethine group .

S0 &

() (11) (1n

During the past two decades considerable attention has been patd to
the chemistry of the metal complexes of Schiff bases containing nitrogen
and other donor, this may be attributed to their stability, biological activity
and potential application in fields such as oxidation catalysis and

. 1.
clectrochemistey 417

1.2, Application of some Schill base coniplexes
The biological activity of Schilf bases and their complexes that have

received attention owing by many ol prior rescarch. In recent years metal
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complexes ol Schitl bases have attrocted considerable stiention due o their
remarkable antifungal antibacterial and antitumor activities ™ ™,

Earlier work has shown that some drugs showed inereased activity
when administered as metal chelate rather than as erganic compound, the
Schiff base of o-phenylenediamine and it is complexes have a variety of
applications including biological, clinical ™ analytical® and the
coordinating possibility of o-phenylencdiamine has been improved by
condensing with o variety of carbonyl compounds ",

Several new transition metal using Schiff base containing. pyridine and
amide moicties were prepared, ' their antibacterial activities have been
studied by microcotorimetry, the result shows that the ligand and all
complexes are potential antibacterial reagent and their inhibitory capacities
are concentration depended. The antibacterial aclivity of ligand and its
complexes have been carried out against bacteria like S.qureus, E.Coli,
B.Subtilis and the tungus A-niger, using nutrient agar medium by the well
diffusion method. The newtral tetradentate 2N20 type complexes of Cu(ll),
Ni{[T), Co(ll), and Zn{ll) have been investigated, e by using the Schilf
base ligand formed by the condensation of acetylacctone and pranisidine,
they found uil the complexes were sereencd for antimicrobial activity,
Antibacterial activities of the ligand and its complexes have been carried

oul against bacteria like S.aureus, E.Coli, 13.subtils und Aiger, using

nutrient agar mediom by the well diffusion method. From these studies
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they observed that metal chelates have o higher activity than free ligands,
Some metal studies have involved the reactions ol Oy with certain Ca (1)
Schiff base complexes. Reactions such as that represented in selheme (1D
yield Co (1) compounds in which the Oy maolecule is bongd L"f'ld-uﬂ e the
metal centre. The Co (1} complexes formed can be considered (o contain
coordinated [O;] but the presence of the axial base L is Crucial to (he
formaticn of the monomeric product.

|- L

ﬁi fﬁ#ﬂ-@f 3

{}
Co (1) Co (11

I.= menodentate ligand c.p.py
Scheme (11}
A logical ligand to model the active sites in myoglobin and haemoglobin is
one derived from porphyrin Tetraphenylporphyrin scheme (101) is readily
available, but the reaction of the Fe(2) complex Fe(tpp)s with Oy lead to a

peroxobridged Fe(l11} complex ©7.

Schivme (11

0
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Among th::‘ d-block metals that bind O; acts as helpful mode! system
like simpte Fe(ll) complexes , Ca(ll) complexes react with O, by electronic
transfer.

(LCo)"+0; — [LCofll) 0]
The product is formaily a Cﬂ-{“[] complex of the superoxide ion O,
(L Co(lil) Oy ]+ [ L Co(I} — [L Co(ID-(0™)-Co(I1{) L]
This reaction may be occurs on  macro Schiff ligands analogy to
haemoglobin, the Co(Il) cnmple:;t:s of ligands such as Salen the Schiff base
chelating ligands in scheme (TV ) and a base such as pyridine react with O2
in rapid reversible reaction which is suggestive of the reactions of Mb ar

Hb 8

[Cofsalen) (Pyv) | + O,

{Co(O) (Py) (salen)]

Scheme (V)
The current model for O, binding to the low-spin Fe (IlI) centre in
haemoglobin and myoglobin is that coordination is accompanied by
electron transfer. Oxidizing high spin Fe (II) 1o low spin Fe (I} and
reducing O; to Oy . Other [T-acceptor ligands can take the place of Os in

haemoglobin or myoglobin and this is the basis of tihe toxicity of CO.
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Cyanide however although a Tl-acceptor ligand favours higher oxidation
state metal centres and binds to Fe(lITY in cytochromes CN poisoning is not
caused by CN biocking the O, binding sites in haemoglobin®”,

Carbon menexide CO is a common Cause of accidental potsonings. The
carbon monoxide enters the blood stream in the alveoli of the lungs. In the
blood it reacts with blood haemogiobin (O:Hb) to carboxyhemoglobin
(COHDb). In this case haemoglobin is the receptor acted on by the carbon
monoxide toxicant. Carboxyhemogiobin is much more stable than
oxyhemoglobin so that its formation prevents haemoglobin from binding

wit oxyeen and carrying it te body tissues.

1.3. Coordination compounds

The transition elements are known for their ability to form many
complex compounds in which 1the metal action is surrounded by 1wo or
more 1ons or molecules generally refered to as ligands. These complexes
are also cailed coordination compounds, because one way 10 the bonds
between the metal jon and the ligands are as coordinate covalent bonds.
Coordination compounds have many numbers of properties such as several
colors, magnetic properties, structures and chemical reaction, therefore the
study of coordination compounds has received a major attention in
inorganic chemical researches. Also these compounds have a number of

important uses such as softening of water by formation of a complex ion
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and as catalysts in variety of industrial processes **! In 1893 Werner
proposed of coordination theory to explain how bonding occurs between
the metal action and ligands in coordination compounds. Ile saw the
valences of the metal in a stable compound having the formula CoCl;. 6NH;
have two types of valence primary and secondary valences. In CoCl;.6NH;
according to Werner cobalt has a primary valence of three and a secondary
valence of six. Today we use the formula [Co{NH;),]Cl; to indicate that the
ammonia molecules and the cobalt atom form a complex ion, the chloride
ions are not part of the complex but are held 1o it by ionic forces ®™. The
coordination process is an [ewis acid-base interaction. In general an
increase in basicity of the ligand and or an increase in the acidity of the
metal enhance the stability of the complex formed ®". As a rule ligands are
Lewis bases that have one or more unshared pairs of electrons that they can
use to form coordinate covalent bonds. Coordination compounds have
many applications in biochemistry as a complex ion such as "Blood
hemoglobin” comaining iron (11} is a well known example. Other example
is green chloraphytl, which formed from the reaction between the
porphyrin (tetradentate ligand) with Mg™ in the plants. The plants used the
chlorophyll as catalytic agent and sunlight in the photosvnthesis process,

where carbon dioxide and water are combined to form carbohydrates ©?,
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1.3.1. Structure of Complex ions

A complex ion described by the metal ion and the number and types
of ligands attached to it. Therefore, its structure is related to three
characteristics {coordination number, geometry and number of donor atom

per ligands).

Coordination number In coordination compounds is defined as the
number of donor surrounding the central metal atom in a complex
ion. For example the coordination number of Ag(1} in [Ag(NH;)]" is
e o Iwo, that of Cu(ll) in [Cui{NH;)]" is four and that of FeddH). in
[Fe{CN}]™ is six.

¢ Ligands The ligands in the complex ions known as the ability to
donate electron pairs to central metal atoms or ions, ligands are
Lewis bases and donating electron pairs, central metal atoms or ions
act as Lewis acids. A ligand that uses one pair of elzctrons to form
one point of attachment to the central metal atom or ion is called a
monodentate ligand. Some ligands are capable of donating more than
one palr form different atoms these called polydentate. Bidentate and
polydentate ligands are also called chelating agents because of their
ability to hold the metal alom like a claw one example is
ethylenediamine (en} abidentate ligand and ethylendiamine
tetraacetate lon {EDTA) a polydentate ligand. Mixed donor ligands

can particlpate in bi-, tri-, tetra-and higher dentate coordination

10



Lhapeer 1o fntrpduction

modes examples of the first three of which are show in scheme {'\“"j
A, B. C and D are nonmetals capable of forming coordination bonds
o the central atom with significant o-bond character. Of major
. ﬁﬁqpparmnce in the stability and chemistry of mixed donor ligands are
two major concepts of coordination chemistry the chelate effect and
the Hard & Soft Acid — Base theory, The chelate effect aperable for
all multidentate ligands is the increase in stability of a given type of

complex as the number of chelate ring increases .

P, b
( S - M. B--{.akL-...D
W e’ ~ 3

Scheme (V)

The HSAB theory is particularly applicable to mixed donor ligands
because of the general tendency for "hard” nonpolarizable donors such
as nitrogen and oxvgen to bond 1o hard nonpolarizable metal ions such
as the first row transition series in higher oxidation states. Likewise
“soft" polarizable ligands such as sulfur, phosphorus. arsenic, selenium
and tellurium have a greater tendency to bond to the low valent, more

pelarizable metal ions of the second and third transition series.

» Geometry The geometry of complex ion depends on the

coordinatien number and the nature of the metal ion. The

H
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[Ag(NH;):]" complex ion formed by the reaction between Ag” ions

and ammoma, the coerdination number is two and has a linear

geomelry, other examples are [CuCIz]- and [AU{CH}J]-. Coordination

number four, there are two types of geometries with a coordination
number of four. The [.’f:n{‘i‘~-'l-[3}4]_+2 and [CUCIJJ ions have tetrahedral

geometry, whereas the [P{NH;)]™ ion has the square planar
geometry. Coordination number six, all have octahedral geometrv,
for example of [Ni(H;0)]"? is octahedral cation and [Co(NH;)s] an
octahedral complexes of Co{lll) ion. These complex ions and their

structures show below in Scheme { V1),

I——d

hnear

Scheme (V1) Structure of some complex ions.
Attachment of the NH; molecules oceurs through the lone pair electrons on
the N atoms.
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1.3.2. Bonding in complex ions

Only one theory gives a satisfactory of bonding in coordination
compounds and for properties (such as color and magnetism as well as
stereochemistry and bond strength) is crystal field theory, 1t is considering
bonding in complex ion 10 be an clectrostatic autraction between the

positively central metal ion and electrons in the ligands.

I. 3.2.1 Octahedral Complexes

In octahedral complex when six ligands approach to the five
d-orbutals of metal, the five d-orbitals are splits into two sets of energy
levels, a higher level with two orbitals are (de., and dy, having the same
energy and other in a fower level with three equal energy which are (d,,, d,,
and dg), Scheme (VII). "The energy difference between the two sets of
d-orbital 1n the metal atom when ligands are present is called crystal filed
splitting 2y .. The magnitude of &, depends on the metal and the nature of
the ligands, it has direct eftect on the color and magnetic properties of
complex ions. The order of increasing value of A, of different ligands are
arranged in a spectrochemical series, which is arranged the ligands in terms
of increasing abilities to split the d-orbital energy levels.

F<BreCl<«OH < F < H:0 < NH;<en < CN < CO
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The CO and CN are called strong field ligands, while the halide ions and

OH’ week field ligands, because they split the d-orbitls to a lesser extent.

Erargy

.
.
D:Dj]\

A L)

e TRV T

W
‘h

Cryvial field splistieg

. '
4 iy L

Scheme (VI Crystal filed splitting between d-orhital in an octahedral complux.

1. 3.2.2 Tetrahedral and Square-planar Complexes

The splitting of d-orbital energy levels of tetrahedral complex is  just

the reverse of that for an octahedral one. In this case the (dy,. d,; and d,;)

orbitals are more closely directed at the ligands and therefore, have higher

energy than the (d,®..* and d,’} orbitals, Scheme (1V).

Most tetrahedral

complexes are high-spin complexes. The crystal field splitting of square-

planar complex is the most complicated. The orbital d.”.," possesses the

higher energv and the d, orbital the next highest. However relative

position of the d,» and the d; and d,, orbitals arc lower energy but cannot

determine simply by inspection and must be calculated.

L)

™

E gy
’n.
4 -
don
4 -
B N

"H
-
"h
‘\.D

CAa

i

i

| 000

iy

Crratal fald spbitig

il

b

Egirzy

E

Scheme (VIII) Crystat filed splitting d-orbitals in

complexes.

14
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1.4. Transition metals

Transition metals have incompletely filled d-subshells or ions with
incompletely d filled subshells. This feature is responsible from several
propertics including  distinctive coloring, formation of paramagnetic
compounds, catalytic activity and a great tendency to form complex ions.
Most transition metals are inert toward acids or react slowly because of a
protective layer of oxide. The common oxidation states tor each elements
include (+11), (+111) or both. The first row of transition elements (from Sc
10 Cu) for example, their nuclear charge is increases but electrons are added
te the inner 3d subshell orbitals. So the atomic radii decrease less rapidlv.,
for the same reason electronepativity and ionization energies increase
slightly. The transition elements have high meliing point, good electrical

conductivity, availability of electrons and metallic bonding 2.

1.4.1. Cobalt Co (I1) 3d°

Cobalt is a hard bluish-white metal is used mostly in catalysis and
alloys. The important common oxidation states of Co (II) and Co (111)
possessing the electronic strictures 3d” and 3d® the most stable species

Co (11), but Co (II}) state is unstable except in the presence of molecules or
anions which it can form complex ions. The most common Co{ll)
complexes may be either octahedral or tetrahedral, there is only small

difference in stability and both types can be formed with the same ligand.

15
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Cobalt (II) forms tetrahedral complexes more readily than any other
transition metal ton. Cabalk (11 is a 3d” configuration and mast complexes
are low-spin octahedral, the tetrahedral complexes are also common and
have more intense colers than ectahedral complexes.

[.ess commonly Co (I} forms a square planar complex with bidentate
ligand such as diethylglyoxime and tetradentate ligand as porphyrin.
Magnetic measurements can be used to distinguish between tetrahedral and
square planar arrangements, tetrahedral complexes have three unpaired
electrons and square planar has only one clectron . The cobalt {II) ion
forms octahedral complexes such as {Co{NH;)]™* and squarg planar
complexes  such as dimethylglyoximatocoballt (1) and tetrahedral

1

complexes such as {CoCl,]

1.4.2, Nickel Ni (I1) 3d°

In the pure state it resists corrosion and also used as a catalyst for
hydregenation of organic compounds that contain double bounds, the most
oxidation state of nickel is (+1I}. Nickel (II) has form a large number of
complexes. The five well known structural lypes are octahedral, trigonal
bipyramidal, square pyramidal, tetrahedral and square planar, The
maximum coordination number shown is six and with octahedral
complexes are the most numerous nickel (fI) also forms many five

coordinate {square pyramidal and trigonal bipyramidal) and four coordinate

16
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(tetrahedral and square planar). The octahedral complexes are usually blue

in color and thev are paramagnetic as 3d* ion which has two unpaired of

electrons. [n complexes with strong field tigand such as CN the electrons

are forced to pair-up and diamagnetic square planar complexes such as
[Ni{CNLJ* are formed . The aqua ligands in the octahedral [Ni(H,0)] "™
ion can be replaced by amines to give ions such as [Ni(NHi)s]™ and
[Niten);]™. Their magnetic moments ar¢ in the range 2.4 to 3.4 B.M
indicating that there are two unpaired electrons, several of the paramagnetic
nickel {I1) complexes are tetrahedral andhman}' square planar Ni (1)
complexes are diamagnetic B3 Most of the four coordinate of NI(I[} are
square planar a consequence of the 3d* configuration since the planar
ligand set causes one of the d orbital {dx:_f) to be uniquely high in energy
and the cight electrons can occupy the other four d orhital but leave this
strongly antibonding. The square planar complexes of Ni (11} formed by

very strong field ligands such as CN° of [Ni(CN)}~ for example 18

diamagnetic.

1.4.3. Copper Cu (11) 3d°

The copper, sliver and gold metals have been the preferred metals for
coins because they are so durable and resistant 1o corrosion. The metal ions

are casy to reduce to the free metals which mean that merals are difficult to
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oxidize ®¥. Copper has two important oxidation states (+[) and (+II) the
first oxidation state is less stable and disorientates in solution. All
compounds of Cu(l} are diamagnetic and color less expect for CuO which
is red but the Cu(1l) compounds are all paramagnetic and colored .

The Cu (l1) state is the most stable and important, it has the electronic
configuration 3d” and has unpaired electron. The Cu (I[) compounds are
colored and paramagnetic due to d—d spectra ™ The d° configuration
often give squarc planar structure with four figand in plane and distorted
octahedral structures in which two more ligand are atiached by some what
lenger bonds above and below the plane.

Copper (II) forms many complexes with nitrogen. ligands the four
coordinate are usually much more stable than six coordinate. Glveine reacts
with Cu ([l) state to forms many complexes diglvcinecopper (IT)
{(NHLCH,CO: 1, Cu(ll) coordinated through both oxygen and nitrogen. There
are ulso numerous complexes with chelating oxygen donor, such as f-
diketone, fi-diketoesters and salicylic acid ©”, Copper is one of the trace
elements essential to the healthy life of many plants and animals usually
occurring as a part of the prosthetic group of the oxidizing enzymes these
oxidizes high molecuiar weight proteins containing 0.03-0.33 % of copper
play a part in life's vital oxidation and reduction processes the copper

undergoing cyclic changes between the Cu (1} and Cu (Ii) state “®.
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1.5. Complexes with [N, O] Schiff base ligands
Tetradentate Schiff base with 2N20 donor atom set are well known
to coordination with various metal ions this has attracted many authors
™ The various ligands usually contain both N and O donor atoms although
purely N as well as N, S donors exist. Also complexes of transition metals
(1) which involve the derivatives of salicyldehyde and diamine have gotten
considerable attention. This is because of their potential as catalysts for the
insertion of oxygen into an organic substrate "' *",
One of the best known Schiff base ligands is bis(salicyldehyde)

ethylenediamine (Salen). This is an acidic {two OH groups) tetradentate

(2N20) {igand.

CHO
X Nt
on OH H z

Other Schift bases can be mono, di or tetra functional and can have
denticities of six or more with various donor atom combinations (e.g. for
pentadentate 3N20, 2N30, 2N20P, 2N208). Complexes of un-ionized or
partly ionized Schiff bases are also known (e.g., LaClssalenH..aq). Some
representative types of complexes that illustrate the formation of not only
mononuclear but of binuclear and polymeric species are (2) and (b)%.

©f:\m e crf%°*~e’33

(b) e
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Recently a new type of unsymmetrical tetradentate Schiff base ligand
was formed from the condensation between distinct aldehydes or ketones
with aliphatic diamine and few examples of non-svmmetric ligands derived
from o-phenvlengdiamine have been studied “7 " Benzovlacetone is a -
diketone that upon enolization forms a cis- p-keto-eno! structure with an
intramolecular hydrogen bond. which potenttally can be either

asymmetrical asinaand b s

H '
o o o o o
JA— I L — I 1

H,C Pho HC PR he Ph

() . (b}

New complexes of vanadium (IV) and oxovana‘diur;l (1V) with Schift
base ligands derived from [B-diketones and ethanolamine o-amino-phenol
have been synthesized and characterizad, “3) they found that the IR spectra
of the free ligands showed a strong band in the region 3270 — 3350 em’”
which attributed 1o the intramolecular hyvdrogen bonding between the
azomethine nitrogen and hydrogen atom of the enolic form ot the f-diketon
moiety.

The neutral tetradentate 2N20 type complexes of Cu (I}, Ni (11}, Mn
(1), Zn (I1) and VO (IT) have been synthesized “”, They used a Schiff base
formed by the condensation of o-phenylenediamine with acetoacetanilide

in aleohol medium. The structure of the ligand shown in scheme (IX).
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PhNH
\\ Me

N OH
CI:” OH
PhMH e
Scheme (IX)

This ligand system has both nitrogen and oxygen donor sites, it
coordinates to the metal ion in tetradentate manner through the enclisable
carbonyl group of the acetoacctanilide moiety and azomethine nitrogen
atoms of the Schiff base. The IR spectra of the free ligand showed the band
at 1650 cm”’ of v(C=N) this band shift to lower frequency region 1600 -
1580 em™ which is observed in all complexes which indicated nitrogen
atom of azomethine group is coordinated to central metal ion, “* also
showed a broad band at 3600 - 3200 cm™ of OH group indicated that the
enolic carbonyvl group of acetoacetanilide moiety of the ligand. The
disappearances of these peaks in the spectra of all complexes indicate that
chelating take place via the enolic-OH group.

The manganese complex showed abroad band at 3500 - 3100 em”
which suggests that water is coordinated to the central metal ion "7

Tetradentate Schiff base ligands with a 2N20 donor atoms and their

complexes with nickel, copper and zinc have been svnthesized™® the

ligands are formed by (1:2) molar ratio were condensation of
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o-phenylenediamine with salicylaldhyde, structure (1), 2-hydroxy-1-

naphthaldyde, structure (2}.

(1) (2)

In general, he found that the ligands showed abroad band at (2800 -
2700 cm’') region which confirms the intramolecular hydrogen bonded of
OH group. The phenolic W{C—O) stretching vibration, that appeared at
1298 cm™ in the Schiff bases ™™ undergo a shift towards higher
frequencies by 20 to 40 wave number in the complexes. This shift
confirmed the participation of oxygen in the C—0—M bond ®" Y, Also a
strong band appeared at about 1613 cm™ in the free ligands and their
complexes. This band is attributed to the C=N stretching vibration "V, Also
the complexes showed new band at low frequency region 410 - 438¢m™ is
attributed to v(M—O) and in the region 505 - 516 cm™ to v(M—N) ¥
all the IR spectra suggest that the metal is bonded to the Schiff bases
through the phenolic oxygen and the imino nitrogen. The electronic spectra
of the ligands exhibit three main peaks at about 270, 333 and 372 nmw. The
first and the second peaks are attributed to benzene 7_ " and imino
transitions, respectively. These bands were not significantly affected by

chelation. The third band in the spectra of the ligand 372 nm is as signed to
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x_a transition. This band is shifted to a longer wave length by 28 nm
along with increasing in its intensity, This shift may be attributed to the
donation of the lone pairs of the nitrogen atoms of the Schiff base to the
metal ion (N—M},

The spectra of nickel (I} complexes consist of two bands at about
335 and 488 nm. These complexes have diamagnetic properties using a
Gouy balance. The brownish red color of the complexes, its diamagnetism
and the position of the electronic absorption bands of medium intensity are
characteristic of Imv-sg;in square-planar Ni (1[} complexes *?. The spectra
of Cu(ll) complexes showed two bands in the visible region at about 370
and 428 nm and assigned to :ng—-zﬂlg and ‘B,e—°Eg transitions,
respectively. The observed n.lagnetic moment values of these complexes
are ranged from 1.82 to 1.88 B.M. These electronic bands and
paramagnetism values suggesting alse a square-planar geomeltry around the
copper (I1) ion**.

The natural tetradentate 2N20 tvpe complexes of Cu ([I), Ni (1),
Co (II) and Zn (II) have been synthesized, “® thev use the Schiff base
formed by the condensation of acetylacetone and p-anisidine.

It coordinated with the metal (I}) ion in a bidentate manner through
the enolisable carbonyl group of acetylacetone and the azomethine nitrogen

atom of p-substituted aniline of the Schiff base. Form the IR, UV-vis and

H'-NMR data they found that all complexes possesses a sguare-planar
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geometry. The [R spectrum of the Schiff base has a broad band absorption
at 3190 em” which is assigned to the enolisable of OH group of the
acetylacetone moiety, the disappearance of the band in the complexes
spectra in which enolic protons are completely displuced by metal (1) ions,
the strong band at 1620 cm™ region is assigned to the azomethine group is
shifted to lower frequency in the region 1600 - 1580 cm™ which indicates
that the coordination takes place through the azomethine group.

The ligand spectra has no absorption at 1700 ¢m™ which indicated
that free carbonyl groups are absent and so converted to ketaimine
structure. The electronic absorption spectral of the Schiff base and its
Cu{l1), Co(liy and N)(II) complexes were recorded at room temperature in
DMSO as solvent the electronic spectra of the ligand showed a broad band
at 25706 cm’ which is assigned to a centre ligand charge transfer band
{INCT). The Cu(li) complex showed a band in the region 2188 cm™ due 1o
“Big(p)—'Ag transition which supported square planar geometry.
The Co (II) complex showed absorption in the region 16366 cm’
corresponding to 'Big (p) —'B g transition which also supporied square
planar geometry. The Ni (II) complex showed absorption in the region of
20000 cm™ assigned 1o 'A,g(p)—'B;g transition which again suggests
square planar geometry. The magnetic susceptibility measurements
indicted magnetic moment of the Cu (II) complex is 1.15 B.M which shows

the presence of one unpaired electron and of Ni (I} complex is zero which
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indicated that complex has square planar structure. The magnetic moment
of the Co (11} complex is 3.58 B.M and is also indicated of square planar

configuration. The structure of the Schiff base is shown below.

MG
. oH
H
M
H,E
Ohle

The synthesized and characterized of some new M (ID, (I
complexes containing tetradentate Schiff base ligand (H,L) %", the Schiff
base derived from 2-OH-l-naphthaldehyde and aliphatic diamines
H.N(CH:),NF (n = 2.3.4 or 10}. The structure and reactivity of the Mn (I1}
complexes were formed forn =2, 4 or 10 but for n = 3 the pseudo-
octahedral [MnL(H;0)] was formed. [n addition some Mn (I1) complexes
[MnL{H.O)JCIQ; have been obtained.

The swynthesized and characterized of a series of potentially
tetradentate Schiff base ligands for example N,N-ethylene bis{1-hydroxy-2-
naphthylmethyleneimine) (H;napen) in which the methvlene linkage
between the imine donors varies from C; to C; have been complexed to
Cobalt{Il) *®. Two types of complex are formed CoL{(F,;0)n (n = 0)
complex 1s planar n = 2 complex is pseudo-octahedral) in which the ligand

vinds as a dianionic tetradentate 2N20 donor and Co{H,L)C1, which are

pseudo tetrahedral and the ligand is neutral binding through the imine
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group only. The structure {shown Eelow] scems to be mainly dependent on

the length of the methylene chain of the ligand.

Wheren =2, 1,4.5.6

The IR spectra showed bands typical of Schiff base complexes with |
strong peaks in the 1650-1500 cm™ region ®**". There were generally three
peaks in this region which could be assigned to v(C=N) vibration when
coordinated as diamine tetradentate 2N20 species this band is shift to
lower region by 15-33 wave number from that in the free ligand, 2 whilst
coordination as a neutral bidentate ligand via azomethine r;itrngen
complexes shifis this band to higher frequencies the magnitude of this shift
being only of the order of 5 - 10 em™ **¥ and broad a absorption at
3450cm™ suggest the presence of water molecules. The magnelic moment
at Toom temperature are consistent with the structure assipned 1o the
complexes from their electronic spectra, that the complex (1) [Co(napen)]
is square planar 2.7 B.M the clectronic spectra exhibited a band at 1200
nm, which is characteristic of square planar cobali(II) species ™. The other
complexes are pseudo tetrahedral or pseudo octahedral have range of

magnetic moment at 4.3 - 53 B.M, with the exception of complex

[Co(nappn)}H:0);] and [Co(napbu}(H,0);]JH,O which are showed
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group only. The structure (shown below) seems to be mainly dependent on

the length of the methylenc chain of the ligand.

Wheren=2,34,3,8

The IR spectra showed bands typical of Schiff base complexes with
strong peaks in the 1650-1300 cm™ region “**". There were generally three
peaks in this region which could be assigned to v{C=N} vibration when
coordinated as diamine tetradentate 2N20 species this band is shift to
lower region by 15-35 wave number from that in the free ligand, ®* whilst
coordination as a neutral bidentate ligand via azomethine nitrogen
complexes shifts this band to higher frequencies the magnitude of this shift
being only of the order of 5 - 10 em™ "* and broad a absorption at
3450em suggest the presence of water molecules. The magnetic moment
al room temperature are consistent with the structure assigned to the
complexes from their electronic spectra, that the complex (1) [Co(napen)]
is square planar 2.7 B.M the electronic spectra exhibited a band at 1200
nm, which is characteristic of square planar cobalt(I{} species **!. The other
complexes are pseudo tetrahedral or pseudo octahedral have range of
magnetic moment at 4.3 - 5.3 B.M, with the exception of complex

[Co(nappn)(H;0),] and [Co(napbu)(H.0),]H,0 which are showed
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absorption bands at 880 - 800 nm these may be assigned to the low
symmetry components of the octahedral *T,g(F) —-4T3g(F] transition and
the bands at 600 — 500 nm are too close in energy to the charge transfer
bands. The complex [Co (naphex) (H;O);Jand [Co(H:napbu)Cl;]2H,O,
showed absorption bands at 1400 - 1200 and 600 — 500 nm. The first band
can be assigned to low symmetry components of the second tetrahedral
transition *A,—'T, (F). while the band at 600-500nm assigned to the
*A;—T| (P) transition,

“The investigation of the infrared spectra to novel Schiff base ligand
derived from 2.2°-bis (p-methoxyphenylamine) and Salicylicaldehyde and
i's transition metal complexes with Cu(lf), Co{ll} and Mn{Il) have been

synthesized *®,

oMa O e LMa Qi

@@
(uj\/ﬁ N= =N TN
calls s &0
# ul HiJ _r'u'l} Q‘/ ‘\"U #

d= Cu {113, Co {II}. Man (11).
Scheme (X}

‘They tfound disappcarance ;)f OH band of the free lisand in IR
spectra of the metal complexes indicates that the OH group is deprotonated
and the v(C=N) stretching mode is shified to a lower frequency by about 29

wave numbers compared to the free ligand. These IR results indicate that
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the ligand is ¢oordinated to Cu {[1), Co (II) and Mn (II) via both N and O.
The new [R bands appearing at 42{]; — 430 cm™ and 541 - 560 cm™ (M—0)
and (M-—N} vibrations respectively. According to the information data the
structure praposed is shown below. It 1s suggested that the complexes are
square planar or nearly square planar coordinated.

Metals complexes of Cu(ll), Co(Il), Ni(ll) and Zn(ll) of a new
heterocyclic Schiff base derived from !-amino-5-benzoy!-4-phenyl-1h-
pyrimidine-2-on with 2-hydmxynaphthaldeh},’de has been synthesized *" it
has been found that the Schiff bases behave as a neutral tridentate (ONO)
ligand, forming chelates with (M:2L}) stoichiometry and suggesied that all
the complexes have octahedral structure and are non-electrolytes. The IR
spectra of the ligand showed a strong band at 1633 cm” which is changed
by £10-30 em™ in the spectra of complexes, indicating coordination
through azomethine nitrogen of Schiff base. The IR spectra of the
complexes showed bands at 443 - 470 and 420 — 326 cm’ regions which
may be due 1o the W(M—N) and v(M—O) respectively “***”. In addition,
the IR spectra of all complexes showed a broad band in the region 3240 -
3350 cm’ due to the {OH) frequency of crystallization water ",

The intense band at 1288 cm’™ of the ligand may be assigned to phenolic
stretching mode. The six coordinate [Cu {L),] complex is expected to be

tetragonatly distorted octahedral and this is confirmed by the characteristic

absorption at 742 nm assigned to Eg —rszg transition, which corresponds
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to the d—d transition band. The geometry of this complex may be assigned
as square planar due to two absorption at 595am and 514nm of *B,g—’B,g
and *B,g— “Eg respectively, but obtained values of the magnetic moment
1.92 B.M are typical for distorted octahedral Cu(Il) chelates. [Ni{L;)])2H,0
showed d-d transitions at 595 nm {14925.3 ecm™) and 765 nm (18050.5
em™) corresponding 1o 3A;g —+3T.g(F) and 3:’13g ﬂ—r"'T.g{F) respectively
with octahedral geometry. The magnetic moment vaiues for the Ni (1)
complex of the Schiff base ligand at room temperature were found 1o be in

the normat range 2.8-3.5 B.M (70

this complex showed magnetic moment
of 3.20 B.ML, the Co (II) complex has two bands at 670nm and 354nm
which are assigned 1o JT.g—- 4A;g and 4T\,g — *T.,g {P) transition
respectively indicating an octahedral configuration around Co ([1) ion. The
octahedral geometrv of the Co (I].) complex is further confirmed by the
magnetic moment 4.89 B.AM U,

Some new transition metal complexes of Schiff base quinoxalin-2-
carboxalidene-2-aminophenol (HQAP) have been synthesized " and
charactenized by elemental analysis. conductance, magnetic moments,
electron paramagnetic resonance, [R and UV-vis technigues. They found
tetrahedral structure has been assigped for the Mn (11), Co (1), Ni (I!) and
Cu (IT) complexes and an octahedral dimeric structure of Fe (111} complex.

The infrared spectra data showed that (HQAP) acts as a bidentate ligand,

where the strong v(OH) stretching band at 3379 cm™' of ligand is absent in
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the spectra of the complexes which suggested that the phenolic oxygen
atom 1s coordinated at the metal atom in the ionized form, the coordination
of phenolic oxygen atom of the complexes is further supported by the fact
that the strong band observed at 1280 cm™ in the ligand of the spectrum
which is attributed to the phenolic v(C—0O) stretching vibration. The
v(C=N) band of the azomethine linkage appears at 1670 c¢m™ in the
spectrum of ligand is shift to lower frequency at 1630 cm’™ in the spectra of
the complexes indicating that the azomethine nitrogen is involved in
bonding to metal atoms.

The elemental analysis and spectral data showed formation of the
tetradentate  Schiff base ligands with 2N20 donor set were formed by the
reaction of 2-hydroxy-!-naphthaldehyde and various HaN(CH,),NH, linear
aliphatic diamines (where n = 2, 3, 4, 5} these Schiff bases and their
complexes with Cu(II) have been synthesized and studied 7. The molar
ratio of ligand to copper was identified to be |:1 and the IR spectra of the
free ligands showed weak bands of w{OH} around 3400 cm™ which
indicated that there is a hydrogen bonding in the compounds and the
complexes showed no absorption bands of v(OH) in their IR spectra. In the
complexes a strong peaks have been observed at the 1631-1642 em’”? region
which are assignable to v(C=N) bands, those bands shift to lower frequency
about 10-20 wave numbers in the complexes spectra data relative to thase

of the corresponding free ligands and two absorption bands at 742-749 cm”™
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and 575-594 cm’' in complexes are agreed to Cu—N and Cu—0 bands
respectively. The H'-NMR spectra of the free ligands showed peaks at
9.1ppm and 14.ippm are assigned to the azomethine protons and QH
protons respectively.

The several new coordination compounds of copper(1l}, nicke{I1),
cobalt(Il). manganese{ll), Iron(Il}, tin{[1), mercury(11), dioxouranium(VI[)
and {ron{I1I) with Schiff bases derived from 7-formyl-8-hydroxyquinoline

and 2-aminophenoi (H;L") or 2-aminopyridine (HLI) were synthesized ™,

H.L HE

The IR and NMR studies show that the Schiff bases behaves as
mono-dibasic and tridentate ligands, coordinating through the oxygen atom
of the deprotonated phenolic group, the nitrogen atom of the azomethine
group and pyridine. The significant change in IR specira of the ligand
(H:L') upon complexing is that the increase in the azomethine w(C=N)
frequency to higher frequencics by 10-20 wave numbers suggested
coordination through the nitrogen of the azomethine group Y%
In the v(OH) water region the 1R spectra showed one or two strong sharp
bands between 3465 and 3330 cm™ attributed to coordination water 7877,

In the spectra of other complexes of H,L' and HL® a broad
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absorption at 3500-3100em™ is observed which indicated lattice
water " ™. The appearance of some new bands at 450, 365 and 260 cm’' is
probably due to the formation of v(M—Q) and v(M—N) and v{M—CI)
respectively developed through complexation ™

The electronic spectra of [CuL'];.2H,0 complex has a magnetic
moment at 1.62B.M and showed three bands at 13680 cm’™', 14895 and
19365cm™ which assigned to ‘Big—'Bag, 2Bjg— ‘A.z ™ 2Bg— ‘Eg
transitions, these are indicated the square planar geometry around two
Cu(Il) ion Y. The [CuL*(H-0)Cl] complex has 1.92 B.M and one
electronic absorption band a1 13280c¢m™’ which assigned to *Ep—"Tag
transition due 1o octahedral geometry ™, The electronic spectra of Co(ll)
complex {CGI.«I(HEO)J]L has magnetic moment value equal to 4.82 B.M.
There are also three bands at 8510, 18510 and 21275 ¢m”', which are
assigned to ‘Tyg— *Tog (F), *T1g— *Asg (F) and *T,g—'Tyg (F) which
indicating an  octahedral  geometry  of  the complex Y
The [NiL' {(FH;0),)aH;0 complex has three bands at 9100, 14810 und
21750 cm™ due to JAsg— V1g(1), TAje—"T a(F) TAe— T g(P),which
corresponding (o octahedral geometry of Ni(11} jon 7™
New complexes [Pbs(salen),](ClOy); and [Pb(saltren)] have been

4 B0

synthesize . The interaction of lead (1) salts with Schiff bases

N,N-bis(salicylidene)ethane-1,2-diamine (H:Saltren) and  tris[2-(N-

salicylideneamino)ethyl]lamino (HySaltren) were formed.
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The Iron (III) complexes [Fe(4-R-benzen)CH,OH)N;] has the
struciure shown below, were have been synthesized " where { 4-R-
benzen) are tetradentate open chin 2N20 Schiff base N, N-ethylene-bis(4-

R-benzoyl acetoneiminato) ligands (where R=H, Cl, Br, OCH,, CH;).

Neutral complexes of Cu (IT), Ni (I}, Co (I[), Mn (II), VO (i) and Zn
{I1) have been synthesized * from the Schiff base derived from benzv! and
2-aminobenzylalchol. They found all complexes exhibit square planar
geametry except the Mn (I and VO {lI) chelate which showed an
octahedral environment and the VO (I} chelate existed as square-
pyramidal geometry. This ligand system courdinates with the metal ion in a
tetradentate manner through the hydroxvl groups and azomethine nitrogen
atoms of the Schiff base. The structure of the Schiff base is given below

and their complexes.

Structere of Schiff base ligand

In order to study the binding mode of the Schiff base to the metal in

the complexes the IR spectrum of.the free ligand was compared with the
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spectra of the complexes. IR spectrum of the ligand showed its
characteristic of a v(C=N) bands in the region 1640-1620 cm’', which are
also shifted to lewer frequencies in the spectra of all the complexes (1600-
1580 cm™). The IR spectra of the metal chelates also showed some new
bands in the region 480 — 450 ecm™and 400 - 350 em™, which are probabty
due to the formation of {M—O) and {M—N) bands respectively .
The weak broad band in the region 3250 — 3450 cm™ assignable to
intramolecular  hydrogen bonded of OH groups, this band after the
deprotonation of the OH group Icn complexation is disappeared. The
manganese complex showed a strong broad band in the region 3200 -
3600 em™, that value reinforced to the presence of water molecules
coordinated to the metal ion. Thermal analysis showed that t};e MAanganese
complexes losses two water molecules at {70 C° which suggests presence
of two molecules water coordinated to the central metal {on which is
further confirmed from its characteristic IR spectrum and the low
conductance values of the chelates supported the non-electrolytic nature of
the metal complexes,

The electronic spectrum of the ligand in cvanomethane (MeCN)
solution showed absorption at 31250 em™. The UV-vis spectrum of copper
in cyanomethane solution displays a broad ‘B,g—’A,g (11628 em™) and a
well defined shoulder B;g—?B,g (23529 cm'™), which strongly favors the

(84, &5)

square planar geometry around the metal ion . The broadness of the
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band can be taken as an indication of distortion from perfect planar
symmetry. The further supported by the magnetic susceptibility value
l.?.z B.M. The nickel complex is a diamagnetic suggesting a square planar
structure and electronic spectra showed a band at 1515 cm™ assigned as
lAlg — 'B,g transition, which also indicates square planar geometry %637,

The cobalt complex in chloroform showed a band at 1600 ¢m’
assigned as 'A,g—'B,g transition which confirmed the sguarc planar

coordination ©%%9

, the magnetic susceptibility value 3.86 B.M also
supported the square planar structure of the complex,

Crystal structure of mononuclear Cu(Il) and Ni(II) complexes
[M(H,L*)] where H,L* ligand prepared by the condensation of
2,3-dihydroxy benzaldehyde with ethylenediamine have been studied ©®V
the physicochemical data suggest the metal ion is in the inner 2N20 and
the [Cu(HaL*)] showed that the square planar configuration. The IR spectra
of the ligand showed a strong v(C=N) peak at 1640cm™ and two v(OH) at
3400cny” (sharp) and broad band 3270-3259 em™. By the reaction with
Cu (II), Ni (II), the complexes appeared v(C=N) lies at 1631 em™ shift to
lower frequencies of about 10-15 wave numbers in a complexes, with
respect to the free ligand and their complexes a single sharp and strong

band due to the v (OH) occurs at 3387 and 3399 em™ with complex of

Cu (1I} and Ni (II) respectively. .
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Structure of lignd H,L* [M (H;L*] complexes of

B

M=Cu (1}, N{{1])
Mono and poly nuclear neutral complexes have been synthesized and

P2 obtained by electrochemical reaction of zinc or cadmium

investigated
anodes with potentially hexadentate ligands HL" (n =1-3). This ligands
were  prepared by 201 | melar  ratic condensation  of
3-hydroxysalicylaldehyde and 1,2-diaminopropane, 1,3-diaminopropane or
1.4-diaminobutane respectively. They can act as 2N20 dianienic in
mononuclear complexes or ZN4O tetranionic in polynuclear complexes
where metal ions are held together by p-phenoxo bridges.

The IR spectra of the ligands and complexes were compared of their
spectra in the range 1650-1200 cm’ indicates that the ligands are
coordinated via N and O atoms. The vW{C—N)} and w(C—0) modes are
present as two very strong bands at about 1640 and 1250 cm™ respectively.
The sharp band due to phenolic OH groups appears at about 3220 cm™ for
the ligands. This band is disappeared on complexation and a very broad

band at about 3400 em’' which is associated with coordination or solvated

water molecules is now present. Also the presence of a sharp band
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corresponding to the remaining hydroxyl groups would be expected for
monenuclear complexes but it is obscure by the presence of water

molecules bands.
_N’R\H_
(Fo =D

WaNONEe

HL' H,L' HL*

The complexes of copper{IT) with Schiff bases derived from 3-amino
and Z-aminopyridine and its derivatives with salicylaldehyde and
o-hydroxynaphthaldehyde have been synthesized *”. The compounds have
been characterized by elemental analysis, IR and E|EC[r0ni(; absorption
spectra and differential thermal analysis. The data showed formation of two
different types of compound with 1:1 and 1:2 metal- ligand stoichiometries
and different thermal properties. Inl the ligand spectra noted a strong band
al 1540 cm™ which assigned to v(C=N) this band shift to lower frequency
region In the complexes, which indicated the formation of a coordination
bond between the nitrogen of the azomethine group and the metal ion. The
[R spectra of ligand showed the band at 1285-1274 cm’for the
salicylaldehyde Schiff bases and 1319-1300 cm™ for the naphtaldehyde
analogue, which is assigned to v(C—O). This band shifted to higher
frequency in spectra of complgxes at 1290-1390 cm region, which

assigned to suggesting its involvement in chelating with metal fon.
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The ON-NO donor Schiff base , N,N-bis{benzoin)benzidine were

synthesized

and formed complexes with cobalt(ll), nickel(ll),
copper(l1}, manganese(Il), zine(Ii), cadmium(ll) and mercury(1) with it.
The cobalt (IT) complex is a blue monomer of tetrahedral configuration, the
nickel (I1) and manganese (IT) complexes are dimer and octahedral. A tetra
nuclear square planar chloro bridged structure is proposed of the copper (II)
complex. A dimeric penta coordinated square pyramidal configuration is
assigned to Zn(II} and a binuclear tetrahedral stereochemistry is suggested
for the cadmium(1I) and mercury(1[) on the basis of analytical conductance,
magnetic susceptibility, molecular weight, IR, electronic spectra, TGA and
DTA data.

New Schiff base chelates of Cu [II)I, Co (II), Ni (II} and Za (1)
derived from benzil-2,4-dinitrophenylhydrazone with aniline were have

synthesis 7

. The IR spectra of the free ligand has the important
absorptions band in the region 1605-1630 cm™ assigned 1o (C=N), shift to
lower frequency 1580-1590 cm™ after complexation indicating the
coordination of azomethine nitrogen to metal fons. In the spectra of the
broad band at 3400 cm™ indicating the presence of coordinated water. The
electronic spectra of the Cu (II) complex showed only broad band at
16638cm™ assigned to 2E.g — 2T;g transition, which is in conformity with

octahedral geometry ®®. The electronic specira of Co(ll) complex showed a

transitions at 17856 and 21734 cm™ assigned 1o Tg(F) — 4:ﬂizg(F) and
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“T,g(F)— *T\g(P) transition respectively, indicated an octahedral geometry
of Co(ll) ion ", The appearance of a band at 19240 cm™' due to 3A:g (F)
— *T1g (P) transition favors an octahedral geometry for Ni {II) complex ®¥.
The absence of any band below 10,000 cm™ eliminates the possibility of a
tetrahedral environment in this complex. The magnetic moment value of
Cu (1) complex is 1.9 B.M which suggests a distorted octahedral geometry
O around the metal ion. The magnetic moment of Co (1[) complex is
48 B.M which suggests the high spin six coordinated octahedral

2
arrangement, 101162y

of ligand molecule around the metal ion. The Ni (II)
complex has of 2.8 B.M indicating a spin frees octahedral '®1®,

A study and synthesis of the complexes [M(ppn):jx, (where M =
Cu(ll}, Ni(I1), Co(It) and ppn =1,3-diaminopropane) with formaldehyde
and ethylenediamine in methanol ", The complexes were characterized
by elemental analysis, IR, EPR, electronic spectral data, magnetic moments
and conductance measurements. The electronic spectra and magnetic
moment of Cu (I[) complex showed the absorption at 15974 cm’ assigned
10 2Eg—+ *T,g  transition indicated the complex has octahedral geometry.
The absorption at 33003 em™ may be due 10 ligand to metal charge transfer
(LMCT}) which is a characteristic of copper {II) complex with amines. The
observed magnetic moment value is 2.01 B.M, which corresponded to an

octahedral structure for the Cu(Il) ion ®*, The electronic spectrum of the

Ni{Il) complex is compatible with an octahedral geometry. These
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absorption bands were observed for the violet Ni(Il} complex at 11323,
18416 and 29154 c¢m’' corresponding to A,g(F)—'Tig(p), *Asg(F)
—*T\g(F) and *A,g(F) — *T,a(F) transition respectively. On the basis of
spectral bands an octahedral geometry is therefore proposed for the Ni (11)
ion. This value at room temperature of magnetic moment of 3.7 B.M,
which is consistent with an octahedral field.

A new series of oxygen bridged complexes show below, is reported
with special emphasis on copper (II) were synthesized "™, Most of these
complexes can be shown to discrete dimeric molecules. Both homo and
hetero nuclear dimmers can be prepared in a large number of cases by
forming a complex of metal M with tetradentate Salicylaldiamine, L.
The lather ML then acts as a bidentate in complexing with a metal halide
MX; or M X, to which it coordinated threugh its two phenolic oxygen.
The Schiff complexes used as ligands of copper (11} and nickel (II) .All of
the homonuclear complexes of copper (1) showed antiferromagnetic
interaction.

—N;N_
O35
Cl/m\m
M= Cu (1), Ni (ii}, Hg (11} and Zn (ID).
Homo and hetero dinuclear complexes with a new Schiff base ligand

with NSO, donor have been synthesized '"”. The complexes have been

40



characterized by elemental analysis, IR and electronic spectral. The homo
dinuclear Cu (IF) complex exhibit very low magnetic moment 0.8 B.M per
copper centre. The subnormal magnetic moment indicated that the copper
centers are strongly antiferromagnetically coupled “®**"% This is not
present in monocopper derivatives and is obviously due to the absence of
unpaired spin in the second metal ions of the complexes. The IR spectra of
most complexes appear broad medium bands at 3440cm™ corresponding to
coordinated water,

Cobalt {IT} nickel(11) and copper(I1} complexes of type ML,Cl; where
L is Schift base formed by condensation of 2-thiophcne-Carboxaldehyde
and propylamine or ethylamine (TNAP) and (TNAE) respectively, have
been synthesized {'*", They found from the elemental analysis suggests the
stoichiometry to be 1:2 (M:L), The molar conduciance of the complexes in
DMF (107 M) are in the range7.8-22.5 Q'em’mol™ indicating their non-
electrolytic nature except in the [Ni(TNAP); ]Cl, compound which is an 122
electrolyte (A - 130.2 ' em’ mol™). Magnetic susceptibility data coupled
with electronic spectra of the Cu(ll) complexes exhibit only one broad
asymmetric band at 11760-16670 cm™ region and the effective magnetic
moments 1.92 and 1.93 B.M suggest a distorted octahedral geometry*''?,
The spectrum of Ni(TNAP),Cl, complex has absorption bands at 17300 and
9650 cm’ assigned to the transitions *T(F)-— T (P) and TUF) —3A,.

These transitions are characteristic to the tetrahedral envivanment around
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the Ni*" ion. The value of magnetic moment 3.52 B.M, confirmed the
structure, The electronmic spectrum of the Ni (TNAE)Cl could be assigned
assuming that the stereochemistry pseudo octahedral and the magnetic

moment 3.02 B.M lie in the region expected for an octahedral complexes.
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2.1. Materials and reagents

All materials and reagents used in this study were laboratory pure chemical

they include.

Materials and reagents The company
Benzoin ALDRSCH
Benzoylacetone RIEDEL-DE HAENAG
Ethylencdiamine ALDRSCH
o-phenylencdiamine MERCK Schuchardt
| 6-hexandiamine ALDRSCH
Ethanol Carblo erba regenti
Acetone Panreac
Petroleum either 60 — 80 C° NICE
Chloroform Ricdel-dehacn

Dimethylformamide Carblo erba regenti

Cobalt chloride CoCl;.6H,0 Carblo erba regenti

Nickel chlornide NiCl..6H,0 Euro star Scientific limited

Copper chloride CuCl,2H,0 [ T'Baker Lab Chemicals
INDIA

2.2. The synthesis of the Schiff base ligands

The synthesis of Schiff base ligands was performed by the following

methods. The amines were dissolved in absolute cthanol (40 ml) the
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ethanolic solution of amines was refluxed with ketone. The reaction molar
ratio was 1:2 (amine to ketone). A few drops of pipiridine as condensing
agent are added. After refluxing the mixture for about 5hrs, solid crude was
formed which is filtered off and recrystallized, dried over CaCls. This
methed was based on the previous methods reported for the preparation

Schitt base ligands % %!,

2.2.1. The synthesis of (H,L" Ii.g;md

The Schiff base ligand {H.L') was prepared by the condensation of
Benzoylacetone (1.8 g, 0.05 mole) with ethylenediamine (1.5 mi, 0.023
mole) in absolute ethanel {40 ml). A few drops of pipiridine as catalyst
agent is added. The ethanolic mixture is refluxed for Shrs. On cooling the
product is collected as white crystals by filtration. The product were

recrystallized from hot ethanol and dried over anhydrous CaCla.

Structure of (H;L") ligand
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2.2.2. The synthesis of (H,L?) ligand

The Schiff base H,L° ligand was prepared by condensation of
o-phenytenediamine (1.08 g, 0.01 mole) with benzoylacetone (3.24 g 4.02
mole) in 40 ml absolute ethanol. The mixture was refluxed for about
Shrs in presence of few drops of piperidne are added. After 5h the volume
of the solution was reduced 10 one-third and 10 ml of petroleum ether (60 -
80C?) is added and keep away in air to evaporate. The yellow solid crude
product is collected and recrystallized from hot ethanol and dried over

anhydrous CaCl,.

g .
i : L
) vt

-+ I
)
= !

o

@mg

=

Structure of (H3L7) lizand

2.2.3. The synthesis of (ILL%) ligand

An ethanolic solution (40 ml) of |,6-hexandiamine (2.32 g, 0.02mole)
is mixed with also an ethanolic solution of benzoylacetone (6.5 g, 0.04
mole). A few drops of piperidine as condensing agent are added. The

mixture is refluxed for about Shrs. On cooling a pale vellow crystals were
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formed which was filtered and recrystallized from hot ethanol and dried

over anhydrous CaCls,.

Structure of (H,1.%) ligand

2.2.4. The synthesis of (1.7 Ii.g:m{l

The ligand is synthesized by dissolving o-phenylenediamine (1.08 g,
.01 mole) in absolute ethanol (40 ml). An ethanolic solution of benzoin
(+.29 g 0.02 mole) is added to the o-phenylenediamine solution. A few
drops of pipiridine as condensing agents is introduced to the mixture. The
mixture was refluxed for Shrs, a pale orange color selid is formed on
cooling, which is filtered and recrystallized from hot ethanol and dried in

over anhydrous CaCl,.

p

Structure of (H,L*) ligand.
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2.3. The synthesis of Complexes

Schift bases complexes under investigation were synthesized by two
methods. The first method, a suitable figand 15 dissolved in (20 ml) ethanol
and added to a metal salt ethanolic solution (20 ml). The r;ea::.tinn molar
ratio is (1:1) or {1L: 2M). The mixture is refluxed for 10hrs: the volume of
the mixture is reduced to one-third. On coaling a crude product is formed,
which is collected by filtration and washed several times with ethanel and
“dried over anhydrous CaCl-.

The second method is a solid state reaction, a suitable ligand and
metal salt is melted together by (1L: 2M) molar ratio 1o give solid crude
product. The crude is washed several times with ethanol and dried over
anhydrous CaCls. Both routes gave identical products but the first route
gave higher yields than the other. |

The synthcsis of [NiL'(l-l;D)zl by reaction of the ligand H.L' (1.00 g,
0.002 mole) in 40 ml ethanol with NiCl,.6H,0 (0.53 g. 0.002 mole} in
ethanol (20 ml) by (1:1) molar ratio. The two solutions are mixed and
refluxed for [0hrs. The crude product is separated by filtration and washed
several times with ethanol until the filtrate becomes clear. The obtained
complex was dried over anhydrous CaCly.

The synthesis of [Cu,L'Cl;)8H,0 by adding (20 ml) warm absolute
ethanolic solution of H,L' (1.00 g, 0.002 mole) to an absolute ethanol

(20 mi) of CuCl..2H,O (0.48 g, 0.002 mole) by {1:1) molar ratio.

48



dpive 2 rimriniad

The mixture was stirred and refluxed for about 10hrs .The solid product
formed is filtered and washed several times with ethanol and dried over
anhvdrous CaCl,

The synthesis of [Ni:L'Cls]4H,0 by mixed (20 ml) ethanolic solution
of HL' {0.89 g, 0.002 molc) with another ethanolic solution of NiCly.6H>0
(1.21 g, 0.004 mole). The obtained mixture was refluxed for about 10hrs.
After that the volume of the solution was reduced to one third and cooled at
room temperature. The product formed was filtered and washed several
times with ethanol and dried over anhydrous CaCls,

The [Cu;L'(H,0):](OH); can be prepared by addition of (1.00 g 0.0028
moie) of the ligand H,L! is dissul;:ed in absolute ethanol (20 ml). Another
ethanolic solution of CuCly.2H,0 (0.97 g, 0.0056 mole) is made. The two
ethanolic solutions arc mixed and refluxed for 10hrs. Afier refluxing the
volume of the solution was reduced to one third, and keep awav 0 cool at
room temperature. The crude solid product is filtered and washed several
times with ethanol and dried over anhydrous CaCl,.

The [Corl"CL(H:0)]7H,0 complex synthesis by mixed (20ml)
ethanolic solution of ML (1.00 g, 0.002 mole) with another ethanolic
solution (20ml) of CoCl;.6H.0 (0.7 g, 0.002 mole). The two ethanolic
solutions are mixed and refluxed for 10hrs. After refluxing the volumes of

the solution is reduced to one third and keep away to cool at room
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temperature, The crude selid product is filtered and washed several times
with ethancl and dried over anhydrous CaCl,.

The synthesis of [Ni (H,L*)Cl;] by mixed (20 ml} ethanolic solution of
HaL* (1.00 g, 0.002 mole) is mixed with another ethanolic solution (20 ml)
of NiCl..6H,0 (0.6 g, 0.602 mole). The two ethanolic selutions are mjxed
and refluxed for |0hrs. After refluxing the volume of the solution is
reduced to one third, and keep away to cool at room lemperature. The crude
solid product is filtered and washed several times with cthanol and dried
over anhydrous CaCl,. e T T T

The {Cusl.*ClJ4H,0 complex can be formed by mixed {0.86 g, 0.005
mole} of the salt of CuCl:.2H,0 in the solid phase with {1.00 g, 0.0025
mole} of solid H,L? ligand. The solid mixturc is putied in 2 sealed inert
container. The entire container is heated on hot plate until the powders of
starting materials are melting together and their colors were changed. The
crude product were collected and washed several times with acetone until
the ftitrate becomes clear, The product solid dried over anhydrous CaCl,.

The synthesis of [Cu ([LL)CL]2H,0O complex by mixed (20 ml)
cthanolic solution of FLL' (1.00 g, 0.002 mole} with another ethanolic
solution (20 ml) of CuCl,.2H,0 (0.42 g, 0.002 mole). The two ethanolic

solutions are mixed and refluxed for 10hrs. Afier refluxing the volumes of

the solution is reduced to one third and keep away to cool at room
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temperature. The crude solid product is filtered and washed several times
with ethanol and dried over anhydrous CaCl,.

The [Ni (H,L))CL]4H-O complex can be synthesized by reaction (20
mi) cthanolic solution of H,L* (1.00 g, 0.002 mole) with another
ethanolic solution (20 ml} of NiCl,.6H,0 (0.68 g and 0.002 male). The two
ethanolic solutiens are mixed and refluxed for 10hrs. Afier refluxing the
volumes of the solution is reduced to one third and keep away to cool at
room temperature. The crude solid product is filtered and washed several
times with ethanol and dried over anhydrous CaCla.

The formation of [Co, (Hgl.s){l'igo)g]‘“:l by addition off20 ml)
ethanolic solution of H,L? {1.00 g, 0.002 mole) o another ethanolic
solution (20 ml) of CoCl.6H,0 (1.185 ¢ and 0.004 mole) and refluxed for
10hrs. After refluxing the volumes of the solution is reduced to one third
and keep away 10 cool at room temperature. The crude solid product is
fikered and washed several times with ethanol and deride over anhydrous
CaCl,.

The [Niz (HoL*)y (H,0))4C1.C;HOH complex prepared by reaction of
(20 ml) ethanolic solution of H,L* {(1.00 g. 0.002 mole) with another
ethanolic solutien (20 ml} of NiCl,.6H,O (1.185 g and 0.004 mole) and
refluxed for 10hrs. After refluxing the volumes of the solutien is reduced 10

one third and keep away to cool al room temperature. The crude solid
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product is filtered and washed several times with ethanel and deride over
anhyvdrous CaCl,,

The synthesis of [Cu;L*(H,0),]2CI by reaction CuCl,.2H,0 {0.85 g,
0.004 mole) is preformed by the mixing with the sclid ligand of H.L’
{1.00 g, 0.002 mole) in solid state reaction by heating the mixture in inert
container, over a hot plate until the powder of starting material are melting
together and their cotors are changed ,the product compound were collected
and washed several times with acetone unti! the filtrate becomes clear . The
obtained complex was dried over anhydrous CaCls.

The formation of [Co(H,L*)Cl;J4H,Ocomplex by addition (20 ml)
absolute ethanol solution of the ligand H,L* (1.00 £ 0.002 mole} to another
ethanolic solution (20 ml) of CoCly.6H.0 (0,50 g, 0.002 mole) . The
mixture is refluxed for |0hrs, after retluxing the volume of the solution was
reduced to one third, and keep away to cool at room temperature. The crude
solid product is filtered and washed several times with ethanol and dried
over anhydrous CaCl,,

The preparation of [Ni(F,L") Cl,] by dissolved (1,00 g, 0.002 mole) of
ligand H,L" in abselute ethanol (20 ml). The ethanolic solution (20 m!) of
NiCl,.6H-0 (0.50 g, 0.002 molec) is made. The two ethanolic solutions are
mixed and refluxed for 10hrs. After refluxing the volume of the solution

was reduced 1o one third, and keep away 10 cool at room temperature.
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The crude solid product is filtered and washed several times with
ethanol and dried over anhydrous CaCl,.

The [CuL*]2% F,0 complex can be formation by mixed (20 ml)
absolute ethanol (1.00 g, 0.002 mote) of the ligand H,L* with another
ethanolic solution {20ml) of CuCl».2H,;O (0.50 g, 0.002 mole). The two
ethanolic solutions is mixed and refluxed for 10hrs. After refluxing the
volume of the solution was reduced to one third, and keep away to cool at
room temperature. The crude solid product is filtered and washed several

times with ethanol and deride over anhydrous CaCl,.

2.4. The studies on ligands and its metal Complexes

2.4.1. Physical techniques and spectroscopic measurements
2.4.1.1. Elemental analysis

All the Schiff base ligands and their complexes under investigation,
were subjected to (C, H and N} elemental analysis which performed at
analytic unit of the central laboratory of Tanta University (Egypt} and

laboratories of RASCQ company Libva.

2.4.1.2. Thermal analysis
The differential thermal analysis (DTA) and thermogravimetric

analysis (TGA) of the Schiff base complexes were carried out using
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shimadzu DT-30 thermal analysis with heating rate of 10 C° / min at

analytical unit of the central laboratory of Tanta university {Egypt).

2.4.1.3. Melting point
The melting point of ligands and their complexes were measured in
capitlary tubes Philip Haris, Shenston-England, serial NO.B/A-211, at

chermistry department. Faculty of Science, Al-Tahadi University (Seirt).

2.4.1.4. Conductivity measurement

The molar conductance values of prepared Schiff base complexes
under investigation were calculated by measuring in (107 M) in DMF or
Chloroform sclution by using digited conductivity meter CMD 650, at
Chemistry Department, Faculty of science, University of Garvounis

(UOG).

2.4.1.5. Magnetic moment measurements

The magnetic moment measurements of complexes under
investigation were determined by using a modified Goy type magnetic

balance Herts SG8 SHI, England, at Tanta University.
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2.4.1.6 Infrared spectra
The IR spectra of the Schiff base ligands and their complexes under
investigation were recorded using a Perkin-Elmer 1430 spectrophotometer

using KBr Discs, at Menofia University, Shibin El-Kom (Egypt).

2.:4..1.7 Electronic spectra

In 10” M solution of Schiff base ligands and their complexes were
prepared by dissolving the accurate weight of the compound in 25 cm’ of
DMF or CHCI,, The spectra of the obtained sclutions :n'ere scanned within
the visible and ultraviolet using measured using a 6405 UV-vis

spectrophotometer  using  lem matched  sitiea cells, at Chemistry

Department, Faculty of science, University DFGﬂr}fﬂuni:s (UOG).
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3. Results and discussion

3.1. The studies on ligands

The Schiff base ligands under investigation were formed by the
condensation reaction of Benzoylacetone with  Ethylenediamine,
o-phenylenediamine and |,6-hexanediamine to obtained H.L'.
[Ca:HaNL0,], Hal’a [CagHauN20s) and HaL’. [Ca¢H;2N-05] respectively.
The fourth Schiff base ligand HaL'. {C3;H:N2Qs] formed by the
condensation of o-phenylenediamine with Benzoin, The Schiff base ligands
were subjected to elemental analysis, Infrared and Electronic spectroscopy

1o tdenufy their structures,

3.1.1 Elemental analysis of the ligands
Physical characteristics and elemental analysis of C, H and N of the
ligands are listed in Table (1). The results of C, H and N percentage are in

good agrecments for the ligands and correlated well with the calculated.

3.1.2. Infrared spectra of the ligands

The important [R absorption frequencies of the prepared Schiff bases
compounds along with their assignments are given in Table (2) and Figures
(1-4). The IR specira of the ligands (H,L' 1o HiL*} showed that the
characteristic bands of the starting materials has been vanished namely, the

band at 1700 cm™' are observed for those free carbonyl groups and the two
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bands at 3350- 3450 cm™ for primary amines. The disappearance of those
bands is an indication for the formation of a Schiff base ligand. Thus a
complete condensation has been occurred and the ketimine structure is
appeared. These results are in excellent agreement with the results reported
previously !

[n addition, the strong bands at the region (1690- 1580 em™) has
been noted which assigned to the azomethine group (C=N) present in the
Schiff base ligands 2% 7 #2),

The ligands showed a broad band at 3200— 3600 cm™ region which
due to  the v (O—H) stretching band which is assigned 1o the enolisable
(CH} group of the Benzoylacetone moicty ™ **, The breadth of this band
indicates the presence of hydrogen bonding. Another bands of v(C—0)
stretching is appeared at the 1000~ 1200 cm™ region. The IR spectra of
these ligands have a clear absorption bands at 1500-1564 em™ attributed to
the wW(C=C) stretching of the enolic ring of the B-diketone. Our results are in
conformity with the previous resultg ™" *!1314115)

The IR spectrum of lgand H;L' _ [N, N-bis (benzoylacetone)
ethylenediamine] C;HyyN2O;, showed a strong absorption band at1604cm™
which is assigned to the v(C=N} azomethine group > *®. The broad band at
3424 cm’is due to the hydroxyl group of enolisation of the carbonyl of

{73, 28)

Benzoylaceton . In addition, the absorption band at the 1292 ¢m™ is
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due to the v(C—0O) stretching. Moreover, the absorption band at the
1564 cm™ is assigned to the WC=C} stretching vibration ',

The Schiff base H,L’_ [N, N-bis {benzoylacetone)-o-phenylenc-
diamine] CaH2;N20O5 The ligand spectrum had a strong band at about
1576 cm’ which is assigned to the wWC=N) stretching mode, % The
absence of any measurable absorption in the IR region characteristic of
(OH} around 3404 cm™ has been atributed to ‘the existence of
intermolecular hydrogen bonding ¥%*. Also the broad band at 1315 cm™
which is attributed to the existence of the v(C—O) stretching band. The
absorption band in the region 1526 em™ is assigned to the v(C=C)
vibration ",

The IR spectrum of H3L3.= [N, N- bis (benzovlacetone} 1.6-
hexanediamine] C;H;:N20,. The imine structure of this ligand is clearly
indicated by the intense and sharp band of v(C=N) which located at the
region 1592 em” “* *® The broad band at 3429 ecm™ is due to hvdrogen
bonding of (OH) group ™ *). Moreover two bands at 1564 cm”' and
1291cm™ regions which are assigrned to the bands of wC={C) and
WC—O)respectively 131

The infrared spectrum of the ligand H,L'. [N, N-bis- (Benzoin)-
o-phenylenediamine} C;;HzN,0s. A strong band at 1673 cm” is assigned

to v{C=N) azomethine group stretching i),
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Also a weak broad band at the region 3415 ¢m™ which is assign to
the W(OH) group vibration ™™ Finally a band at 1261 em™ is attributed

to the existence nf'v{(_j__o}m.m.m}‘

3.1.3 Electrenic absorption spectra of ligands

The electronic spectral data of the compounds in chloroform are
presented in Table {3). The absorption band assigned to = _.x * transitions,
in the electronic spectra of the Schiff base ligands (Hgl,'m H.l Y is assigned
to the aromatic ring or azamethinn;; group " These transitions are also
found in the electronic specira of the complexes, but they are shified
towards Imu-‘cr frequencies, confirming the coordination of the ligand to the

. . 5
metallic ions %,

3.2. The studies on complexes

In this section, we focus our attention on the analysis ol the entire
complexes, the analysis is included the elemental analysis, molar
conductivity, thermal analysis, magnetic susceptibility, IR and UV-vis
spectra.

3.2.1 Elemental analysis
The results of elementul analyses of the complexes under

investigation are listed in Table (4). The results of C, H and N percentage
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are in accordance with the compaosition suggested for the most complexes

and also indicated the complexes correspond to the general (M:L) or

{2M:L) molar ratio.

3.2.2 Molar conductivity

The molar conductance for the complexes measured in 107 M
solution in DMF or chloroform: as solvents at room temperature (29- 31C®).
The melar conductivity was applied 1o help in the investigation of the
geometrical structures of the complexes. The molar conductivity values are
given in Table {4). Some complexes showed a lower molar conductivity
values in the range 0.03-44.37 Sem’mol' which indicated their non-
electrolytic nature ' **, Other complexes found to be a higher electrolyte
with the wvalues 68.97,156, 493 and 770 Sem’mol™; this result is

demonstrated that the complexes have a binuclear nature 77811617

3.2.3 Thermal analysis

Thermal methods of analysis open a new possibility for the
investigation of metal complexes. They include difterential thermal
analysis (DTA and thermogravimetric analysis {TGA). The DTA and TGA

results are given in Figures (2{}: 26). The Thermal analysis data are

collected in Table (5).
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3.2.3.1 The DTA and TGA of [Cu,L'(};0),{OH); and [Cu;L2CLJMH 0
The DTA of [Cu;L2C|1]4[-[1O complex showed the endothermic peak
at 21-70 C° indicated to loss of hydration water {(Figure 21). This peak did
not appear for the other complex [Cu,L'(H>0)](OH),. In addition the
different position of melting peints and partial decomposition of the two
complexes, at 225 C° for complex [Cu,L'(H,0):] (OR); may be due to
decomposition of partial organic hgand with twe coordinated water
molecules ( Figure 20) and at 283 C° of complex [Cu,LCl,J4H,0 due to
partial organic ligand, which indicated the difference of organic tigands for
them. The final endothermic peak of two complexes at region >300C° may
be due to loses weight which assigned to formation of metal oxide ®*. The
thermo gram of complex [Cu;L*Cl;]4H,0 confirmed the lost of weight at
temperature range 28-142C° corresponding to loss of hydrated water

N
molecules ¥ {

Figure 22} which is assigned to (Calc.5.7%) corresponding
to 2H;0 (found 6.03%) which confirmed [rom the endothermic peak at
teraperature range 21-70C in the DTA curve (FMigure 21). In addiilion the
peak at 144-300 C° range, this may be duc to weight lost of partial organic
ligand with two water molecules.

For the [Cu,L*Cl,)4H,0 the weight lost at the 300-338C may be due
to the (Calc. 10.00%) corresponding to Cl; (found 12.14%). In addition to

the final peak in the temperature ranging at 486-573C° which
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éorrcspanding te 2Cu{QOH}, lost {Ca[c. 29.32%:; found 28.04%), which is

indicating the binuclear nature of the complex (Figure 22).

3.2.3.2 The DTA and TGA of [Co;L Cl{H,0),] 71,0 Complex
As shown in Figures (23, 24), the DTA analysis of this complex
showed two endothermic peak at 1.83-230 C®, which assigned to loss of two

coordination water molecules %82 The

broad endothermic peak at 260-
390C® assigned to decomposition of organic partial of Schiff base tigand.
The endothermic peak at 552-697C° regions is due to the decomposition of
complex and indicated the formation of metal oxide (Figure 23). The TGA
of [CosL? CI, {['iz{j)g}. curve showed the loss of weight at 27-198C° range
due to lost of Lwo coordinated water molecules corresponding to
( Calc.4.6% ; found 3.87% ) (Figure 24}, which contfirmed from tha two
endothermic peak of DTA. In addition the peak at the temperature ranging
199-258C°, Is may be due to the weight lost of (Co, + HyO) molecules,
corresponding {Cale.7.9%; found 7.59%). The peak at 2359-391C°, is
assigned to the formation of metal oxide 2Co0 ®¥ corresponding to
(Calc.19.21%; found 18.6%). The final peak at 392-651C° which is

assigned to the lost of partial organic ligand, corresponding to

{Calc.40.67%:; found 42.75%).
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3.2.3.3 The DTA and TGA of [Cu (H,L)CL]2H,0 Complex
The DTA results showed the exothermic peak at 50-180C® range,

B2 shown in Table

which is assigned to the dehydration of water molecules,
(3) and Figure (25). The endothermic peak around 260-348C° range may
be due 1o the decomposition partial of organic compound of the ligand. The
final endothermic peak at 482-608C° is due to the formation of metal
oxide. The TGA of this complex curve shown in Figure{26) and Table (5)
showed a weight lost at the temperature ranging 145-264C°, which
assigned 1o the loss of 2%H,0 molecules, due to (Calc.7.83%)
corresponding to (Found 9.85%) which confirmed form the exothermic
peak of Figure(25) in DTA curve. }-‘Inrem’er the peak at temperature range
265-337C®, which may be due to the formation of the metal hydroxide

(Calc. 16.9%) corresponding to Cu{OH); (Found 19.9%). The final peak at

338-020CF, is may be aitributed to the decomposition of organic ligand.

3.2.4 Infrared spectra of the complexes

‘The IR spectra of diagnostic importance of the complexes are given
in Table (6) and Iigures (5-19). The solid state IR spectra of complexes
compared with those of ligands indicated that the v{C=N) stretching
vibration band at region 1331-1664cm™is shifted to lower frequencies in
most complexes as excepted. In contrast there are three complexes shifted

to higher frequencies, which indicated that the ligands coordinated to the

o4
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metal ions through nitrogen atom of the azomethine group """ ' The
presence of sharp band corresponding te the remaining hydroxyl group at
3400cm’’ but it is obscured by the presence of water molecules bands. This
was appeared for the most complexes and a very broad band at about 3100-
3500cm™ region, which is associated with coordinated or solvent water
molecules, is present 7" 7 4% The other bands are at 1323-1427cm”
region assigned to the v(C—0O), which are shified to a higher frequency

. after complexation with central metal ions, ¥*!"!'%

compared to the free
ligands in which was noted at 1’261.‘13 t5em, In addition the two bands at
729-511 and 531-442cm’, is attributed to the WM—Q) and v{(M—N)
respectively '"*7. Moreover new bands appeared in some complexes in
the 220- 290cm 'regions which is assigned to v{M—CI) vibration, which
indicated the formation of (M —Cl) coordinated bond"?,

The IR spectrum of the [NiLYH,0),] Complex showed a band at
1585 cm”' assigned to the stretching vibration of the v{C=N) group, which
is shifted to lower frequency by 19 cm™ compared with the free ligand,
which indicates that chelating take place through the azomethine group.
A comparison between the IR spectra of free ligand and its nickel complex
is that the bond at 1362 em™ is shift to higher frequency by 70cm™ in the
spectrum of the v({C—O) complex indicating the formation ata (C—0—

M) bond ¥*3"52927) The specira showed 2 broad band at 3062-3525 cm

which suggested that the water is coordinated to the central metal ion 47,

03
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Finally new bands in the region 560 and 495 cm™ which are due to the
formation M—0Q and M—N bonds respectively ‘',

IR spectrum of the [Cu,L.'CL)8H.O complex cxhibit a strong band
at 1568 em™ which is assigned to the v(C=N} stretching, because this band
is shifted to lower frequency by 36 cm 'compared to free ligand, indicating
that the ligand coordinated to the metal ion through nitrogen atom of the
azomethine group and probably dianionic form “***% ‘I'he broad band
around 3425 em'indicating the prescnc-:- of coordinated or lattice water in
the complex " ™. The spectrum reversals a weak band at 1399 cm™ which
is attributed to v(C—0O) vibration, again this band is shifted to higher value
compared to the free ligand due to formation (C— Q—M) bond ¥ >4,

In addition three new bands in the regions 527,466 and 221em’™ were
emerge, which are probably due to the formation of {Cu—0), (Cu—N} and
(Cu—Cl} bond respectively ", The IR spectrum data of the
[Ni,L'Cl.]411,0 complex showed a strong absorption band at the region
585 cm” assign to the v(C=N) stretching, which is shifted to lower

frequency by 19 em’

tn comparison with the free ligand, indicating the
involvement of this group in complexation with metal ion through nitrogen
atom of azomethine group > ™), The free ligand band at 1292 cm™ is
shifted to a higher frequency on complexaion to 1356 em™. This band shift

enhance the formation of (C—O—M) bond. Moreaver, there is a broad

band at 3384 cm™'whch is assien to the water molecules ™™, Also the new
E
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bands at the regions 561, 495 and 289 em’ attributed to w{(Ni—O),

v{Ni—N)and w{Ni—Cl) bonds stretching vibration respectively ™11,
The IR spectrum data of the [Cu,L'(H,0).] (OH); complex display a

sharp band at 1567 cm’™' corresponded to the presence of v({C=N) vibration,

this band is lowered by 47 cm™ % ¢

than i1ts original position in the free
ligand indicated the azomethine group is coordinated to central metal fon
through the nitrogen atom "7 The band at 1323 cm™, which is due to the
v(C—0) vibration was shified to higher position compared to the free
ligand "**% which indicates the formation of (C—O—M) bond %8

The absorption band at 3448 em™ is due to stretching vibration of
(OH) group in water molecules and this aqua complex exhibit 1wo strong
bands at 3228 and 3298 cm'lstretching vibration "**" attributed to v(OH).
Two new bands around 526 and 468 cm™' are assigned to the (Cu—0) and
(Cu—N) stretching,  respectively 784113

The IR spectrum of the [CD:LECI.:(['IEO)I]:"H;O Complex showed a
peak at about 1555 cm™ which is assign to the w(C=N) stretching
frequency. This band is shifi to lower frequency by 21 ¢m’ (P77
compared with the free ligand which indicates that chelating 1akes place
through the nitrogen atom of azomethine group. The spectra of the complex
exhibited the presence of a band at 1405¢m™ which is due to the v(C—0)

vibration. This vibration is shifted to higher frequency which is suggesting

the formation of (C—O—M) bond “***"*?_ The broad band at 3367 em™ is

. 07
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attributed to the presence of {OH) group of water molecules. The
coordination mode of ligand is further supported by the appearance of new
bands in the range of 518, 466 and 290 e¢m” indicating the formation of
(M—0), (M—N)} and (M—<C]) bonds respectively {7, |

The IR spectrum data of the [Ni(H,L*)Cl;] complex showed a strong
band in the 1558 cm™ which is shifted to lower frequency by 18 em™ in
comparison to the free ligand, which is suggested the coordinated bond
formed through the nitrogen atomi of azomethine group “**7™ The very
intense band at 1399 cm™ is due to WC—O) stretching vibration which is
shift to higher trequency in comparison 1o the free ligand. This shifi
confirmed the participation of oxygen in the (C—O—=M) bond ©**"* The
IR spectra exhibit the presence of v (OH) as a broad band at 3431 cm™.
Also new bands are observed in the 387, 53 1and 220 cm’due to w(Ni—O),
v(Ni—N) and W(Ni—Cl) respectively % 8113

The IR spectrum of the [Cungsz]LIHEO complex showed a strong
band at 1531 cm™, this band attributed to the wC=N) stretching vibration,
which is shitted to lower frequency in comparison to the tree ligand which
enhance the involvement of azomethine group in coordination #%%%,

Strong broad band absorption alt about 3100-3500 cm’'region, is
confirmed the presence of water molecules coordinated to center metal ion

690 The free ligand band at 1291cm is shified to a higher frequency on

complexaion to 139%cem™.
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This band shift enhance the formation of (C—QO—>M) bond ©%31+ 43,
The complex bands at 511,464 and 221 cm™ regions were attributed to
w{(Ni—O}, W(Ni—N) and v(Ni—Cl} stretching vibrations respectively ™9,

The [Cu{H.L))Ci12H,0 complex spectrum showed a strong
absorption band at 1552 e¢m™ which is assigned to v{C=N), this band is
shifted to lower frequency in comparison to the free ligand, this is
indicaling that the coordination occurred through the nitrogen atom of
azomethine group ** ™ ¥, The broad band at 3358-3444 cm’'region which
are assigned to the v(OH} of crystallization water. This water content was
also supported by the elemental analyses and thermal analytical (TGA,
DTA). In addition the band at 1366 cm™ is due to the v(C—Q) vibration >
1349 "'his band shifted to higher frequency suggesting its involvement in
chelating with metal ion. Moreover three new bands observed at 701,457
and 266 ¢m™ which are due 1o the w(Cu—0), v(Cu—N) and v(Cu—Cl)
respectively * *1-3%

In IR spectrum of the [Ni(H;Lj}Clg]deO complex has a band at
1605 cm™ attributed o W(C=N) stretching this band is shifted 1o a higher
frequency in comparison with the free ligand. The shift is an indication for
which the involvement of azomethine greup in chelation through nitrogen

atom V4™,

Also the band at 3421 em™ is attributed to the presence of
(OH) group of water molecules. In addition the complex exhibited an

absorption band at 1396 cm™, which is due to the v(C—0) vibration.
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This vibration shifted to higher frequency which sug;;esling its
involvement in the complexation ™ ** "3 In contrast to the free ligand a
new bands is observed at 723,445 and 220 em™ which are assigned
formation of (M—0), (M—N) and (M—CI} bonds respectively ™ 7'}

Infrared spectrum of the [Co, {HzLa) (HaO)s]4C1 Complex showed the
strong band at 1592 ¢m™ region in IR spectra of free ligand M;1.” which is
assigned to v(C=N) stretching is shified to higher frequency and observed
at 1598 cm™in spectra of complex, which again indicates that the chelation

takes place through the nitrogen atom of azomethine group to central metal

- B, wE =

ion "% The complex spectra showed a sharp band at 3353 em™ which

assigned to the v(OH) stretching vibration this assigned to coordination
water molecules. The [R spectra of the complex also showed a band at
1398 cm™ which assigned to v(C—O) vibration. this band been shifted to a
higher frequency by 107 cm™ in comparison with its position in the free

Iigand (EREL

. This is an indication 10 (C—0O—M) bond formation. Finally
two bands at 714 cm™ and 442cm™ are emerging which is indicating the
presence of coordination modes of WM—O} and wWM—N)} vibration
respectively 7 88

Infrared spectrum of the [Nig[HgLs)(HgO}g}{lCI.C:H_',OI'I Complex
showed the significant change in the ligand H,L’ spectra  upon

complexation is that there is an increasing in the v(C=N) azomethine group

frequency. This shift to higher frequency by 7cm™ in the complex spectra
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at 1599 em™ suggested that the coordination is taking place through the
nitrogen of the azomethine group ¥** % #-%9 A girong band of V(C—O) at
1398 cm’' is shifted to a higher frequency in comparison 1o the iC—O) of
the free ligand ™ "'*. This shift indicates the participation of both oxygen
atom enolisable carbonyl group of the benzoylacetone moiety in the
coordination to metal ion. The complex spectra exhibited a broad band at
about 3200-3600 cm™, which is associated with coordinated water or
ethanol selvent molecule ™ "', The appearance of new peaks in the
complex spectra at 714 and 442 em” are assigned to v (M—O} and v (M—
Nj respectively F %,

infrared spectrum of the [Cu L (H-0),]2CI Complex the IR spectrum of
the complex showed a strong absorption band at 1571 cm” which is
assigned to the v(C=N), this band i-s shifted to a lower frequency by 21 m’!
compared 10 the free ligand ®* 7. Also the two sharp bands observed at
335tem™ and 3430cm™ autributed to the v(OH) stretching vibration of
coordinated water molecule.™ The band of v{C—0O) 1s appeared at 1390
em’ which is shified to higher frequency by 99 cm™ which have been
observed for the free ligand at 1291 em™ ®* "3 This shift contirmed
the participation ol oxygen in the (C—0—M) mode "% %1% The complex
showed two new bands at 657cm™’ and 473 cm’' which are assigned to

WM—0) and v{M—N) vibration respectively #3289

7l
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The IR spectrum of the [Co(H,L)C1,]4H,0 complex exhibited a
strong band at 1664 ¢cm™ assigned to the vw{C=N) vibration, which is shified
to lower frequency by %cm' compared 1o the free ligand.

The shift is suggesting its involvement in the chelation to the metal
ion. The v(OH) is appeared at about 3424 cm™ which is indicating the
presence of water molecule ®® There is an absorption at 1335 c¢m’”’
attributed to the (C—0Q) of (C—0O—M). This valued has been shifted to a
higher frequency by 74 em™, since it has been observed at 1261 cm™ for the
free ligand. The new bands ir; -tmhﬁ_;'cginn 639,464 and 259 cm™ are
characterized to v{Co—0Q), v(Co—N) and v{Co—Cl) respectively,

Infrared spectrum of the [Ni{(H,LY)Cl,] Complex has a strong band at
1630cm’' assigned to v( C=N). This band is shifted to lower frequency by
43 em” compared to the free ligand. This shift is demonstrated the
involvement of the azomethine group in coordination to Ni (II) through
nitrogen atom ®* @ The weak band at 3588 cm? is due to the v (OH)
stretching vibration. A sharp band at 1334 em™ is attributed to the wC—0)
stretching vibration. This band isr shift is due to the (C—0O—M) bond
formation % 51+ 5% % Finally three are bands observed at 638,478 and
261 cm” which attributed to the presence of v (Ni—O), v(Ni—N} and
v(Ni—Cl) stretching vibration respectively 113,

The IR spectrum of the [Ni{H,L*)Cl,) complex showed a medium

band at 1628 ¢m™, which is assigned to the azomethine group. Again this

"2



band is shifted to lower frequency by 45 cm™

In ¢comparison with free
ligand, which indicates that the chelation has been occurred through the
nitrogen of the azomethine group ** **. Also the broad band at 3424 cm’’
assigned to v (OH) stretching vibration, which indicates the presence of
hydration water molecule %8,

The complex is exhibited a band at 1344 em™, which is due to the
v({C—0) stretching vibration %% ™) This vibration was sl}ifted to higher
frequency in comparison to the free ligand, which suggested its
involvement in the chelation to the Cu(Il} ion. Moreover the new bands
were showed in the regions of 636 and 551 cm™ which are assigned to

v(Cu—0) and v(Cu~—N) stretching vibration respectively - *,

3.2.5 Electronic spectra and magnetic moment of complexes

The electronic absorption Sp;ectra and magnetic moment values are
often very helpful in the evaluation of results provided by other methods of
structural investigation. [nformation about geometry of the complexes
around the Cu (II}, Co (1) and Ni (II) ions was obtained from electronic
spectra and from values of the magnetic moments. The assignments of the
bands of the electronic spectra of the complexes are listed in Table (7). The
electronic absorption spectra of tht_: Schiff base ligands and its complexes

were recorded at room temperature using (DMF) or (CHCl) as solvents.
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3.2.5.1 Electronic spectra of mono-nuclear complexes

The electronic spectral measurements were used for assigning the
stereochemistry of metal ions in the complexes based on the position and
number of clectronic transition peaks. The electronic spectra of the
[NiL'(H,0),] complex shows bands at 11025, 17921and 22371 cm’
comresponding to the ‘Az — T\g(P), *Ap(F) — ‘T\gF) and
jzf-‘k‘gg[F]I—svl"l“zg(F]I transition respectively. Our results are in good agreement
with those reported for an octahedral geometry around Ni {I[} ion ©" 77>
There is an extra band at 25906 cm™ due to = _ = * transition of aromatic
ring or azomethine group™*”". The appearance of a band at 17391cm™’ due
t0 *Asg (F) —’T\g (F) transition favors an octahedral geometry 5%
for the [Ni{Hng)Clz] complex, also the absence of any band below 10,000
cm” eliminated the possibility of a tetrahedral environment in the two
complexes above.””’ The absorption band at 27027 em™ is due to 7_z*
transitions of aromatic ring or azomethine group ™**. The elecironic
spectrum of copper (11) complex [Cu(H.L’) C1,]2H-O showed one band at
15384 cm’ which is assigned to *Eg— *T.g transition, which is in
conformity with an octahedral geometry reported previously #5199

The value of magnetic moment 1.8 B.M is due to one unpaired
electron of 3d’ electronic configuration in an octahedral complex of Cu {II)

ion > #19 The electronic spectra of the complex [Ni(H.L*)ChL)4H,0 is

compatible with an octahedral geometry. Three absorption bands were
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observed for the complex at 110497, 17241 and 26666.6 cm” which
attributed to the *A,g—'Tig (P), *Ays (F) —'T\g (F) and *A,g (F) —
*T,g (F) transition respectively “*'®” On the basis of spectral bands an
octahedral geometry is therefore proposed for the Ni (I[} ion. The value of
magnetic moment at room temperature is 3.1B.M, which is consistent with
an octahedral field "%, The Co(II) complex [Co(H;L*)CI,] showed two
bands at 14925 cm™ and 18050 ¢! which are assigned to *Tg— *A,g and
*T.g—'T,g(P) transitions respectively which indicates an octahedral
geometry of this complex ®**7, The: bands of Ni (I[) complex [Ni(H.L*)Cly)
was appeared at 17391cm’’, which may be due to the *A;g — *Tg
transition favors an octahedral geometry, for the Ni(Ilcomplex >, The
nonexistence of any band under 10,000 ¢m™ is an indication for that the
possibility of a tetrahedral geometry around Ni (Ii) ion in this complex is
remote ). The complex has magnetic moment value of 3.6B.M, which is
compatible with an octahedral complex "®). The Cu(ll) complex
[CuL']244H-O has an absorption band at 24096¢m™ a well defined shoulder
for lBlg—rzﬂzg, which strongly favor the square planar geometry around
the metal jon ¥+*8%

The absorption band at 27027 cm’' assigned to z_.x* transition.
This further supported the magnetic susceptibility value of 1.8 B.M due to

the unpaired electron in octahedral geometry of Cu (I1) ion %1,
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3.2.5.2 Electronic spectra of binuclear complexes
The electronic spectra of the [Cu;L‘CIz] 8H+O exhibited three bands at
18348.6, 23255.8 and 25974 cm’. The first two absorption bands are due to
the Big—'Ag ** ™ and Big—°Eg “* ¥ ¥ jnnition, which
corresponding to the square planar geometry around two Cu(II) iens, and
the third one is assigned to the z_ = * transilion of the aromatic ring or
azomethine group which agreeable with the reported results “™,
The electronic spectra of the nickel complex [Ni;L'2C1]4H,0, showed
a band at 17699cm’™ is due to IAlg,—r'E'..g transition, which also indicates a

;
square planar gcometry (82, 86,

¥ The absence of any band below 10,000 cm’
"refers to no tetrahedrat geometry around two metal ions *. Morcover low
magnetic moment value 1.8 B.M of the this complex duc to anti-
ferromagnetic interaction between -magnetic filed of two Ni {II) ions. The
[Cu;L'(I-I;D);](OH}z complex solution displays two band at 11037 and
25706 cm™ corresponding to 'Bg—A,g and Bjg —’'Byg transitions
respectively, which strongly faver the square planar geometry around two
metal ion ™ ** %) The magnetic moment value at room temperature of this
complex is 1.2 B.M lower than 1.7 B.M due 1o anti-ferromagnetic
interaction between two Cu (II) ions, which indicates the formation of

binuclear complex ‘%19 The electronic spectra in DMF solution of

[Coa(H,LH4CI (H,0)] complex exhibit two bands at 15267 and 16393cm’,
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which are assigned to *T;g(F)—*A,g (F) and *T\g (F)='T,g (P) transitions
respectively, indicate an octahedral configuration around Co(II) ion *7,

The octahedral geometry of the Co (I1) complex is further confirmed by
the magnetic moment 4.89 B.M “? the lower magnetic moment value of
this complex about 3.8 B.M is may be due to anti-ferromagnetic interaction
between twe Co (II) ions. The electronic absorption spectra of
[Cu;L*CL}4H,0 showed two absorption band at 10989 and 25705cm’!
corresponding to ‘Byg — “Ag and “B,g —'B,g transitions res_pectivel}*,
which indicate the square planar configuration around the two Cu(Il} ions
82,8553 An absorption band at 26315¢m™ may be due 1o x _  * transitions
of aromatic ring or azomethine group “* *¥. In addition the lower magnetic
value 1.16B.M is attributed to the anti-ferromagnetic moment interaction
between two central metal ions this is an indication of the formation
binuclear complex #0110

The electronic spectra of the [Coa(HaL?)(H,0)s]4C! exhibited three

bands at 15384, 16666 and 26666 cm™', The first two absorption bands, is
corresponding to the *Tyg [F)——ﬁfkf_;g (F} and 4T.g (F)—*T,g (P) transitions
respectively, indicate an octahedral configuration around Co(II) ion,”” and
the third one is assigned to the transition of »_ =* aromatic ring or
azomethine group.

The spectra of the complex [Ni, (H,L*)(H;0)]4C1.C;H;OH exhibited

one band at 24875 cm’, this is assigned to the *A,g (F) —°T,g(F)
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transition, the complex bands are atiributed to the octahedral structure
around per Ni(II) ions ' '#120121),

Other bands at 25706 cm’', may be due to the transition of #_x*
aromatic ring or azomethine group ™ *". The magnetic moment of the
complex 1.8 B.M is lower than the normal 3.8 B.M of an octahedral
structure due to anti- ferromagnetic interaction between magnetic filed of
two Ni(Il} ions. The complex [Cu;L}(Hy;0)4)2CI complex showed two
transition bands in the regions 18155 and 22593 cm™ assigned to
Big— *A,g and B g —’B.g transitions respectively, which strongly favor
the square planar geometry around two metal ion ®* ¥ ™ The magnetic
studies of binuclear copper ([I) comptex, [Cu,L? (H;0),]2C1 showed very
low magnetic value 0.8 B.M per copper centre The subnormal magnetic
moment indicates that the copper centers are strongly anti-ferromagnetic

cnupled[lﬂa.lﬂﬁ.lm.llm.
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Table (1) Elemental analysis data. colors and M.P of ligunds

Found
The NP
MW, (Cale) l Color
ligands - Ce
C% . H% N
: 75.86 6.89 8.04
H,L 348 177 White
(75.40) (7.33) (7.96)
. 78.70 6.06 7.07
H,L" 396 50 Yellow
(75.00) (6.15) (4.72)
3 77.22 7.92 6.93 Pale
H;L 404 10¢
(76.11) (7.83) (7.38) vellow
1 82.25 5.64 5.60 Pale
H.L 496 90
(82.853} (4.71) (6.65) orange
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Table (2) fnfrared spectra of ligands.

Chapter 3 Rasndts und sfiscasion

A v(C=N) | v{OH) v{C=C) | v(C—0)
Ligands |
em’ cm”! em’! cm’!
H,L' 1604 3424 1564 1292
H.L’ 1576 3404 1526 1315
H,L} 1592 3429 1564 129]
H.L? 1673 3415 — 1261
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Table (3) Electronic spectra of ligands

£

{L.meol"em™)

Ligands vem' | Transitions

"]"‘ nm

H,L' | 380 2.017 26315 T_a*

H,L* | 382 2.013 26178 T_n¥

H,L? | 385 2.102 25974 gt

H.L' | 370 1,028 27027 Tox*
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Table (4) Color, molar cond, M.P and Elemental analysis of complexes

Complex Mwe | edlor scﬁgnmttl'l P f:;;:?
1 9 H% |- N%
[NiLYH;09,} 440 | Brown | 10,17 150 ég:gg} {‘;jgﬁ) (z:g;
(Cul RO | 687 [mrown | 003 | 206 | 3070 | 4501 o)
NGL'CLRHO | 606.7 | Brown | 37.97 | 180 (ii:gi) (igi} {i:z?)
[Cusl'(H:0R1(OHY: | 543 | Blue 156 130 (ig:gg) (i?;f} (?E)
[Coleth(H:UhJ 7818 | miue | 4507 | 140 | 3920 | 408 | 4.78
TH,0 (39.90) | (4.86) | (3.58)
(NEGRACE | sas7 | FeE | 18,07 | 60 égigi} (jfggy (gﬁgg)

e . >
[CusL CL)J4H O 664 | Red | 4437 | 92 (jg:gé) {j:gf) {2:3%
[ColFLLICLI 2RO 1 5745 | Green | 1,05 | 210 éﬁ;éé) (2132; (jﬁ)
[Ni (LLYCL4H0 | 637 ;Lﬂn 20.87 | 200 (2{1}2?) (g:g) (jﬁ)
[Coa(HLLY)(H00:]4C1 | g7 8 g[:z:‘l . 6897 | 143 Sg"gg) ;:gi) éiﬁg}
[Niz (HaL)}H, )54 CI %534 Olive 493 220 3933 | 7.06 | 2.17
C,H,OH green (39.39) [ (5.73) | (3.28)
[CuL3(H20)4]2C1 672 | vellow | 770 150 (jgjg] (g:gg} (2:}2)
p

[CollLLOICLIEO | 697.9 | green | 2217 | 110 éﬁjﬁé) (gﬁg) (j:gf)
IHLICE) ] 625.7 | o | 1927 | 100 {EEES} {jjg) {i:ig)
[Cll'R2HHO | 6025 Ffﬁ:; 2027 | 250 (gﬁ?) éﬂ} (i:gi)
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Table (5) Thermal analysis (DTA and TGA) of some complexes

complex TmeEiange DT;:S Tmeg:angc TGA {loss %) Lﬂs‘s
peaks Found Cale. species
. 2259 Endo. — — — 2{OH)
[CuL HO: KON ™ oere [ Endo, - — — | Coord2H:0
449 (° Endo. S —_ — Metal oxide
21-76C° | Endo. | 28-142C° | 6.03% | 5.7% 2H,0
Ohrganic
z AH- b ) . o — — g
[CuL°Cl4H.0 238C° Endo. | 144-300C specie+H:0
>300 C* | Endo. | 300-338C° | 12.19% | 10.0% Cl,
—_ — | 486-573C° | 28.04% | 29.3% | 2Cu(OH),
183-230C° | Endo. | 27-198C° | 3.87% 4.6% 2H:0
Coord.water
[Co;L’CLy (H,0)] 260-390C° | Endo. | 199.259C° | 7.59% 1.9% Cor +H,0
THO 552-697 C° | Endo. | 259-391C° | 18.6% | 19.21% 2Co0-
— — | 392-651C° | 42.75% | 30.670 | Crsanic
specie
S0-180C° | Exeo. | 145-264C° | 9.85% | 7.83% 24H,0
[Cu(HLICLI2Y%H:0 | 260-348C° | Endo. | 265-337C° | 19.9% | 16.9% | cuoily,
482-608C° | Endo. | 338-620c° | — _ Organic
specie
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Table {6) Infrared bands assignments fent!) of the complexes

The complex v[c-jﬂ vi c-?; v[ﬂf:} v{M-fl] i M::\'} vi M-::l}
cm e con em cm cm

NiL'(H:0)) 1585 1427 | 3422 | 560 495 —
[Cu;L'CL1)8H:0 1568 1399 | 3425 327 466 221
Ni:L'Cly)4R;0 1585 | 1356 | 3384 | 361 495 289
[Cu:L'(H:0)-] (OH); 1567 1323 | 3448 | 3526 468 —
[Co-L*Cli(H-0):]7H0 | 1555 | 1405 | 3367 | 518 366 200
[Ni (HoL?) Clyj 1538 1399 | 3431 587 531 220
[Cu:L7Cl] 4HA0 1531 1399 | 3447 | 3511 464 221
[Cu (LY CL] 2H0 | 1352 1366 | 3444 | 701 457 266
N1 {H.L*) Cl3) 4H,0 1605 1396 | 3421 725 445 220
[Cos (H;LPWH-O)J4CI | 1598 | 1385 | 3553 | 729 420 —
[ {Hi]:zf] FE 500 | 1308 [ 3a01 | 71a | a2 —
[Cusl.}(H;0)04)2C1 1571 1390 | 3182 | 657 473 —
[Co(H LY ClydH-0 1664 1335 | 3382 | 639 464 250
[Ni(H.L*} Clp] 1630 1334 —_ 638 478 261
[Cul.*]2%; H0 1628 1344 | 3424 | 636 551 —
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Table {7) Electronic Spectra and magnetic moment of the complexes

The complex £ vem™! Merr Geometry
’ A nm | Lol em B.M i
507 005 11035
_ 558 0.207 17921
[NILF(H0):) — QOctahedral
447 2334 2357
386 2.109 25906
548 1.638 26178
[Cual.'Cla)8H:0 430 2446 33235 — Square planar
385 2,305 23974
565 0392 17695
[NLL'CLHO 1834 2,456 22026 18 | Squar planar
385 2121 25974
389 U346 25706
CusL (FLOY] (OH); 12 | Squure planar
[CuL LRI (OFD 906 0.079 11057 uiep
.13 30 0.767 16393
[CosL*Cly (H101}7H:0 L Octahedral
655 1.038 15267
3 573 0.03 17391
[Ni(H2LA)Cl3] 370 1316 ";02? — Octahedral
] 380 2276 26313
[CupL*Cly]4H 0 393 2.176 35316 1.6 Square planar
910 0.301 10989
[Cu(H;LACL:2H:0 650 0.176 1384 | 1.8 Octahedral
580 0.08 17241
[NiHL))Cl]4H,0 903 0.06 ess | 3.1 Octahedral
375 1.98 26666
650 0.633 15384
{Cop (I LA(1,0%14C1 | 600 0.564 16666 — Octahedral
375 2,003 26666
[Niafl 11L3} {11204 Cl. 402 0,153 24875 . ]
CoHLOH 340 0314 45708 1.8 Octahedral
. , 442 2.99 22593 :
4 605 0.267 16528
[Ca(H,L")C1;)4H,0 570 0.370 14975 — Qctahedral
[Ni(H,L)Cy) 575 0.084 17394 36 Octahedral
370 1952 27027
[CuL*]2%; H;0 415 0.343 21096 | 1.8 | Square planar
440 0.316 22727
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APPENDIX

The suggested geometrical structures for the
complexes under investigation



Appendic

The suggested geometrical structures of complexes.

8H,0

4H, O

[Ni;L'C1;]4H,0
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dppendix

Cﬂﬁclusinn

The elemental analysis of C, H and N% confirmed the suggested
structures for ligands and their metal complexes, which are formed in a
mono- and binuclear manner. The [R supported the ligands structure and
the site of chelation through the fuaction groups investigations. In all
complexes the chelation proved to be through N and O atoms as
expected.

The conductivity measurements, thermal analysis gave more
evidence of the shape and the complexes formations sphere. Electronic
specira and magnetic susceptibility confirmed that the complexes under
investigation have octahedral or square planar geometries around the
central metal atom. The complexes are formed in a mono- and binuclear
mode.Cobalt complexes proved 10 own an octahedral structure in both
modes,

The nickel complexes in mononuclear demonstrated to have an
octahedral structures, whercas the binuclear nicke! complexes had a
sguare planar structure. Finally, the copper complexes in mononuclear
confirmed to have an octahedral struciures, while the binuclear copper

complexes had a square planar structure
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Appendix
Further work

Previous studies on Schiff base metal complexes have showed the
formation of a mono-, bi- and polynuclear metal complexes. No
evidence on polynuclear metai complexes has been seen in this study.
This may be due to a steric effect of large ligands, which maybe
investigated by using small size ligands. We propose a pH controlled
synthesis of the metal complexes, e.g. at pH=4 and pH=9,

On the preparations of metal complexes of Co (I} and Fe (II) and
Cr ([1[), the effect of O, molecules (carrying the reaction under 0, gas)
may be investigated 1o see the oxidations ability and the protection
activities of oxygen molecule. Finally, the physiclogical effect of Schiff
base and their complexes may also be inspected by the aid of interested

researcher form the biology depariment,
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