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Abstract
The new ligands have been prepared in this work, which contain
benzothiazole linked to three different aldehydes throw imine group.

These three ligands include;

LI= 2- (Acetlidine) hydrazine benzothiazole.
L11=2- (O -hedroxy benzylidine) hydrazine benzothiazole.
LI111=2-(2,4,6- trimethoxy benzylidine) hydrazine benzothiazole.

Which were reacted with the transition metal iones
(Ni(11) , Co(l1) , Cu(ll) , Cd(I1) ).

The molecular formulae for the new complexes were :
LI complexes:

[Ni (LI)2 (H20)2. (NOs)z, [Co (L1)2 (H20),] Cl2

[Cu (L1), Cly]. 2C,HsOH and [Cd LI (H20),]. (NOs) »

LIl complexes:
[Ni (L11)2 (H20)2]. 2H20, [Co (L11), (H20)2] 2H.0

LIl complexes:
[Ni (L111), (NOs) 5]. 2H,0, [Co (LI11), Cl;]. 6H,0
[Cu (LII), .(H20),] Cl, and [Cd LI (H20),]. (NOs),. C,HsOH

All the three prepared ligands and their metal complexes were
characterized using the appropriate techniques, i.e. melting point

measurement, FTIR , UV-Vis spectroscopy, atomic absorption



spectroscopy, magnetic susceptibility and electrical conductivity
measurement.

According to the data obtaeind, especially those from crystal
field calculations, the structural formul ae were suggested.

All complexes show to have octahedral shapes, except that
of Cd (II) complex, which were of tetrahedral geometry and also that of
All Cu which was dimeric square planar.

The ligand, show different coordination behavior depending
on the donor atoms and the type of the metal ion.
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Chapter one
| ntroduction
| ntroduction:

Developments in inorganic and organometallic chamifave
resulted in a significantly increased understandofgthe bonding,
structure, and reactivity of coordination compounds

These developments have been applied fruitfulljhto design of
model system that shed light on the behavior ofaimens in biological
processes and ultimately to look more closely itliese processes
themselve?.

On the other side, a large number of metal comtgitherapeutical
agents and other biologically active complexes hasen prepared and

proven to be of great effectiveness in this re$pect

1.1 Bioinorganic Chemistry:

The boundaries of inorganic chemistry extend frdmygocal and
organic chemistry to the boundaries of theoritmlaysics, this statement
still valid even if we add boundaries of biologisaience.

Therefore inorganic chemistry can be consideredgasving
organism with respect to the increasing flow ofadat

It is know that coordination chemistry refer tottpart of inorganic
chemistry which deals which studying the properoédoth the central
metal and the group of ligands surrounding it, e tfirst days of
chemistry the coordination compounds were consteme a great
chaleng for the inorganic chemist, now a days i a big part of the
resent research in inorganic chemistry and abodb @ the issues

published in inorganic chemistry are of coordinatt@mpound.
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But even the classical coordination theories wedereled and
modified to include these complexes, it still sufig from series
problems which are waiting to be resolved.

Inorganic biochemistry is the most growing filediarhis based on
the role of coordination compounds in the livingtsy’®.

The importance of metal ions in the living systerredthe interest
of a large number of researchers in pure inorgaen@nmistry toward the

filed of bioinorganic chemistry.

1.2 Interaction of Ligand with metal ion:

The study of the interaction of metal ions withfeliént simple and
complicated systems require, first of all, to beaesof the essential bases
of coordination inorganic chemistry especially steictural and bonding
aspects.

Of the most important theories in this respecthis hard and soft
acids and bases theory (HSAB) of pearson, whichvshe tendency of
metal ions to coordinate with certain groups ingtreicture of the ligand.
depending on the nature of donating atom in thasid?, also to know
the factors effecting the stability of the resudticomplexes.

One of the earliest correlations was the IrvingHafihs series of
stability. For a given ligand, the stability of cplaxes with dipositive
metal ions follows the order:

Ba' < Si? < Cd? < Mg < Mn"? < Fé? < Co™ < Ni*? < Cu? > zZn".
This order arises in part from a decrease in sigmss the series and in
part from ligand filed effects. A second observatis that certain ligand
form their most stable complexes with metal ionshsas Ag , Hg™ and

Pt , but other ligand seem to prefer ions such &% Ali™ and C6°.
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Ligands and metal ions were classified @®sryging to type (a) or
(b) according to their preferential bonding. Cléas metal ions include
those of alkali metals, alkaline earth metals aghtér transition metals
in higher oxidation states such as™Tj Cr® , F€® , Co® , and the
hydrogen ion , HClass (b) metal ions include those of the heavier
transition metals, and those in lower oxidationestasuch as Cy Ag" ,
Hg*, Pd? and P¥. According to their prefences toward either ci@s
or class (b) metal ions, ligands may be classifisdtype (a) or (b)

respectively. Stability of these complexes mayurarsarized as follows:

Tendency to complex with class ( Tendency to complex with class (b)
metal ions lons

N>>p>As>Shb N<<P>>As>Sb
O>S5S>Se>Te O<<S<Se~Te

F>ClI>Br>| F<Cl<Br<lI

For example, phosphines ) and thioethers @8) have s much
greater tendency to coordinate with'HlgPd? , and Pt , but ammonia,
amines (BN), water, and fluoride ion prefer Be Ti**, and C&® . Such
a classification has proved very useful in accoynfior and predicting
the stability of coordination compourfti&.

One of the most important phenomena that contmistability of
the oxidation states of a certain element and tdialzation of one state
among another states is known as (symbigkis)

Often metal complexes expand their coordination lemby
interaction with a Lewis base. This may take pldme interaction

association or by adduct formation with solvenotirer available
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Ligands. The physical properties of the resultiogiplex often are
significantly different from those of the compleatrhaving the expanded

coordination numbé&?.

1.3Metal Complexes of Polydentate Ligand:

Since complex formation or Ligand substitution ispsvise even
with polydentate Ligand, we may expect that polyden Ligand,
particularly those with nonequivalent coordinatiatoms, will exhibit
varying dentate nature3hus, the normally bidentate ethylenediamine
can be monodentdte as NHCH,CH,NH;" in the Cr (Ill) complex
[Cr(NH,CH,CH,NH5")(H,0)s] "4 and ethylenediaminetetraaceticacid may
coordinate as a bi-to hexa-dentate ligand.

It may be expected that this variation in the polyation of a
ligand will be especially marked for those ligarttisit contain donor
atoms with quite varying affinities toward the metan. Such groups,

with N and O as the coordinating atoms, may be

/ O
o0 o0 [ 1)
NS , N ’ ?\i. NS - o] ) oS 0s , etc
o0 (1) [ 1)

It may further be expected that the most importaciors effecting
the dentate nature of a polydentate ligand will gd¢, solvent, the
coordinated groups, the relative metal to ligandcemtration and any
factors that may effect the mechanism of ligandsstution. There have
been a number of investigatiét¥son the nature of the complexes formed
with multidentate Ligands containing the N-hydrathyé group.

In 1972, (NS,) macrocycli€” type Ligand was synthesizal

according to the scheme shown in following equation
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NH2 H‘\ )H /\
h . < 1) BoHg , THF <
ea 0 2Ha N
[ “dilution N j 3) N(CH3),OH N j + HC
(toluene) H
/LNH $ QNV 9
Cl

(0]

In 2000 Maschark and Marfi? reported the synthesis of the
Ligand  [N,N:-bis-(2-mercaptophenyl)pyridine-6-dicarboxyimidel].
It's complex with Fe(lll) was also prepared, spestopic studies showed
that the geometry around Fe(lll) is a distorteddnal bipyramidal, as

shown in the following Figure:

N\F [
(L \D
1.4 Schiff bases (SB):

The term Schiff base (SB) is used to define thosgarac
compounds which contain the functional group (-CeEnd can be
designated structurally as R"R'C=NR).

The nature of R group is limited to alkyl or arylbstituents or
hydrogen at the point of attachment to the imine=NE carbon or
nitrogen.

The Schiff bases (SB) were first prepared by ($chif 1864™%
from the condensation reaction of aldehyde or Kesowith primary
amines by refluxing the mixture in absolute etharm@nzene, or any

other suitable solvent for half or one hour somees, the reaction may
be catalyzed by acid*®)
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The addition of proton to the carbonyl group yietkde conjugated
acid in which the carbon of the carbonyl group @erelectrophilic, thus
facilitating the attack of the amine on the cardagrpup. The added acid
will enhance elimination of water molecule to gthe final product (SB).

OH H

\ | e ||
—0Cc® 2 5 C N®

C——0O + H'— R —» C—N——R + H,0

/ | L/

The general mechanism of the Schiff base formatsaction can

be depicted as follows:
_ HNR™ \C/R_
R\ /R + R—— NH, —» R—(‘:—R' _ |,\|| +  HO
L

@)

OH

o

These bases can also be prepared by refluxing oimetar
guantities of aldehyde or ketone with amine withsoltvent or by slow
melting for 10 minutes and then isolating and gumg the product by
recrystallization or sublimation under reduced pueg'”.

Staal’”® prepared Schiff bases (SB) by removing water wligch
formed by condensation of aldehyde with the amwyesfiux in benzene,
this done by mixing the anine and the aldehydeeimzbne and then the
residual solution is distilled under vacuum.

Imine (SB) and other C=N compound can be reducetifiH 4,
NaBH,;, Na-EtOH, hydrogen and catalyst, as well as witlfepbreducing
agents.

Schiff bases can be classified accordingthe number of

coordinating sites, type of bonding, type of domom (rather than
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azomethin nitrogen), number of donated electrorepamnd other method
of ligand classification.

Of these methods the one which depend on the cwirdn site is
considered to be the most important. Table (1-Dwshexamples of

Schiff bases classified according to this method.
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Table (1-1): Some Schiff baseswith different donor atoms.

Complex Donor atoms | Typeof donor | Ref
S
Q Q NNOO Tetradentate | 19
HC=—N N=—CH
\/
X
KR
Ir
N N
©: NNNN Tetradentate | 20
N N
[
C C
7N\ N\ /
N X N=—=C
NNNOO,
al oH HO NNOOS Pentadentate | 21
X=8,NH, NCH3
CHO
~
Me | N/ Me
| |
N N NNNNN Pentadentate | 22
| > | 7
OH HO
N N N N
/N /\__/ \__/\ NNNNOO Hexadentate | 23
R R
<\5/ N NNNNOOO Heptadentate | 24
O
” N ” NNNNNOOOO | Nanodentate | 25
H,N—C OOH HO@ C—NH,
P .
NS Ny “\ Bidentate
NN 27
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ph——C——=N——-yph
7\ .
Bidentate 28
ph——C=——N———ph N N
AN OH
| A~ .
R// ?¢N\R N O Bidentate | 29
H
‘ ,‘ “oH 7o Bidentate | 30
H/C%N/R
I i
Me” |N\ e NNN Tridentate | 31
O
Me
\
HO /C=N Me
Wt . NNO Tridentate | 32
N—
ph/
SH
@C¢NCHZCH2NH2 NNS Tridentate 33
b
H
| H
C§ N R .
@ NTe NSO Tridentate | 34
OH S
Me . /—\ . Me
N N
g\:%) (E?:/? NNOO Tetradentate | 35
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The way the ligand coordinate to the metal ionfisated by the
type and oxidation state of the metal ion in additito the ligand

structure. This can shown by the following examples

1) The monodentate (SB) phCH=NMe from the W&aM . . . H band
which make extra stability for its complexes as the following

palladium complex.

2) Bidentate (SB) containing tow nitrogen atomsnfranore stable
chelating ring with the central metal ion as in tb#owing nickel (II)
complexX®®.
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3) As an example of tridentate neutral Schiff basenplexes is the
following copper (I1) comple%®.

4ﬁ©7

4) It was found that the ligands derived from benznd or the amino

phenof?”’ give mononuclear complex ions in neutral media,ilevh

binuclear brigded complexes were formed in basidianaas in the
following structures.

I
L ‘DN
OH o]
N o]
| (L
P N
M
O OH IN CI)/ \N basic
/> H—Cli—C Hs/C\CH/
acidic F|>h Fl)h M = Co , Ni hp \ph

AR
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5) Some (SB) show high coordination number asdhéts (Salysilidin)
diethylene triamin€® which form complexes with cobalt(ll) and nickel
(I) having octahedral geometry in which the ligarmehave as
pentadentate in the neutral and basic media ragphct

\+/ , HC?/N\J/ ,

6) There are some polynuclear compléXésf the (SB) which show
different geometrical shapes around the metal emss$n the following
complex, where the central metal has square plg@@metry, which the

other two metal atoms have octahedral geometry.

Cl

/‘\ Y
S\ /N

NS

/W NG

OH, -

\

VY
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1.5 Infrared spectra of Schiff bases and their metal complexes:
The following are a review of theC=N assignment, as recorded for
Schiff bases and their metal comple%&s**4)

1) v(C=N) appear around 1630 ¢rn the free Schiff bases, the band
around (1620-1610)cth in manganese (ll) complexes is observed

indicating the coordination of imine nitrogen tetin(I11) ion?.

2) Coordination of chain polymers of Schiff baseerivkd from
o-animobenzoic acid and terphthalaldehyde shows Gtritching at
1625cnt and is shifted to (1620-1612)¢non complex formation,

indicating the involvement of azomethine nitrogercoordinatioff®.

3) A strong band appeared around 1590 @nassigned to the C=N
stretching of the free Schiff bases, bis (vanillethylenediimine, bis
(vanillin) propylenediimine, bis (vanillinp-phenylenediimine, it was
found in the region (1675-1665)crfor their complexes with Cu(Iff".

4) The IR spectra of some Schiff bases derived ftbmzoles and
benzothiazoles. Showed a strong sharp band inetiernr (1630-1615)

cm® for v(C=N)“**.

5) Schiff bases, oximes, thiadiazoles, iminocarl@siaand guanidines
show the C=N stretéf? in the region (1689-1471) ¢

6) the IR spectra of now series of Schiff basesvddrfrom substituted,
4.5-disubstituted-2-amino-thiadzole, substitutedr2ino-benzothiazoles
and p-hydroxy benzaldehyde show a strong sharp bandenrégion

(1640-1625) crif for v(C=N)*".

VY
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7) Strong band at 1600 ¢mvas corresponded to(C=N)"*® in some
Schiff base derived from 2-furylglyoxal and 2-anpyddine. This band
was shifted to lower frequencies in the spectrahef Mn(ll), Co(ll),

Ni(ll) and Cu(ll) complexes indicating the involvemt of azomethine

nitrogen in coordinatidf’.

8) The IR spectrum give absorption band in themegl640-1630) cih
for v(C=N) of free tetraimine Schiff bases macrocycleswkd from the
condensation of 1,3-diamino-2-hydroxypropane withyrrge-2,5-
dicarbaldehyde and with thiophene-2,5-dicarbaldefij)d

9) Patai suggest tha{C=N) appear in the region (1680-1570) tthe
intensity ofu(C=N) is variable and it depend on the substitgpeni®".

10) The IR spectra of Schiff bases derived from héfyl-5-f-

aminophenyl)-3-mercapto-1,2,4-triadzole give strivand in the region
(1695-1650) cril corresponding to(C=N)®?.

¢
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1.6 The Metal Complexes of Schiff Bases as Biologically
| mportant Compounds:

Schiff bases and their metal complexes have a gileat of
attention during the last decade from many workersrepare new set of
these bases and their transition metal comp{&kes

These complexes have proven to be antitumer ande hav
carcinostatic activitié$>®) They show leukaemetic activity. Schiff bases,
on the other side, have a great importance in itledical reactions like
(visual proces$)” , and in the reaction that involve removing theram
group by enzymic effect (enzymatic transition reagt and some
Bs-Catalysed reactioéir.

The biological activity of Schiff base is attribdtéo the formation
of stable chelates with transition metal ions pnésén celf*®.

Schiff base derived from sulfa drugs have beenessfally used
for the bacteriostatic activites and complexdtian

A great deal of work concerning metal complexe$dhiff bases
were concentrated on the cobalt (lll) complexeat #re used reversible
of oxygen carriers or a model for vitamin,BCo-enzymes, the attention
is also extended to Fe(ll) complexes which are udet in the
hemoglobin found is some biological syst&fiis

It has been noticed the number of papers regattimgreparation
of palladium and platinum complexes with Schiff émgcreases rapidly.

The discovery of cis-platinum complex cis-[pt(N§Cl;] as an
antitumer agent by Rosenberg, led to developmepladihum complexes
chemistry designed for wide biological applicatidfisPalladium and
platinum are regarded as metal, so they reactsetihlegends that

Yo
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contain an electron-donating group like S and Ry thlso can form
complexes with hard ligant8, like oxygenating molecules or molecules
which contain nitrogen.

Recently many research wof&8 appeared deal with the study of
palladium interaction with Schiff bases throughloyeetylation reaction
(this include metal containing cycle in which thetal is bonded to a
carbon atom),

This reaction plays an important role in preparaticf some
organometallic compound in which these complexesuaged as starting
material to improve the stereochemistry of thosenmounds, these
complexes are used in photochemical reactions.

Schiff bases and their analogues have great iquposetas catalysts
In racemic reaction in peptide syntheses and im&bion of amines that
have biological origir®?.

Biological activity of complexes derived from hydiones has been
widely studied and contrasted, acting in processef as antibacterial,
antitumoral, antiviral, antimalarial and antitubgnsis effedf?.

Organotin compound show a large spectrum of biokg
activities,In recent year, several investigatorstést their antitumer
activity®*® have been carried out.

These organotin complexes are effective antifguantimicrobial
and antiviral agents, therefore, much attention besn paid to their
implication for antioncogene$i®. They are also used as bactericides,
fungicides and industrial and agriculture biocitf@s

The biological activity of the metal complexes ®thiff bases
derived from sulpha drugs has led to considerabterest in their

coordination chemistry, The condensation produtifpha drugs with

V1
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aldehydes and ketones are biologically active alsh dave good
complexing ability, their activity increase on cdeyation with metal
ion®?

Davar et.d®.have prepared unsymmetrical Schiff base 1-hydroxy-
2-acetonaphthoneacetyl acetone-ethylendiimine sa@dmplexes with
some transition metals [Ni(ll), Cu(ll) and pd(ll)These compounds were
characterizes by elemental analysis, conductomatmEasurements,
infrared and electronic spectra, NMR and mass spsmipy square
planar structure have been suggested for the caegple

All the prepared complexes exhibit antibacter@haties because
that complexes having hydroxyl naphthalene nucleesee more active
than salicylaldehyde or hydroxylacetophenone Sdbafes, due to the

naphthalene nucleus possessing-OH group increlasestivity fig(1-8).

o
e

Me Me

AR
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Recently anew set of Schiff bases have been prepand these new

compounds showed bactericidal activity.

Table (1-2) the molecular formule and biological activities of some metal

complexes of anumber of Schiff bases.

Molecular formula Name Metal ion Biological activity | Ref
4-phenyl-5-[p(p- Mn*? Co*, _ _
. _ 42 e Antibacterial
C12H15N50,S nitrobenzylidene]phenyl)- | Cu™, Ni™%, ivit 68
activi
3-mercapto-1,2,4-triazole | Pt*?, Pd*? Y
4-phenyl-5-[p(a-
p- Y->-e( Co*, Cu*?, Antibacterial
CasH1sN4S naphthalidene)phenyl]-3- “ o 52
_ Pd activity
mer capto-1,2,4-triazole
Thiocarboxy phenyl-4- | Hg™, Au®, _ _
2 o Antibacterial
C1gH15N30S aIIyI-5-phenyI-4H-1,2,4— Ca“, Cd™, o 69
] ‘2 4D activity
triazole Cu, Fe
2-(benzylidene)-5-
C1H1NsS, (_ i _ )_ Cu*? Fe™ - 70
allylthio-1,3,4-thiadiazole
Cd*, Fe*,
B-naphthaldehyde-N- Co*?, Ccu*?,
Ci7H1sNO o 3. o - 71
phenyl imine Cr™°, Hg™",
V(IV)
Cd*™, Fe*,
C1oHNO B-naphthaldehyde-N- Co*, Ccu*?, - 72
cyclohexyl imine Hg™V(V)
2-hydroxy-1- o )
" Antimicraobial
C17H14N>0O3S naphthaldehyde Sn o 72
o activity
salphanilamide
Salicylaldehyde " Antimicrobial
C]_3H12N203S ) ) 91 L 72
sulphanilamide activity

YA
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1.7 Benzothiazoles:

Benzothiazoles and its derivatives constitute gooitant class of
compounds having a wide spectrum of biological vagti the early
impetus to the study of benzothiazole chemistry eédrom the partial
importance of benzothiazole ring.

The biological importance of thiazole derivativesas further
emphasized during the period 1940-1960 when workhenstructure of
antibiotic penicillin®"® showed the presences of thiazolidine ring in this
important therapeutic agent.

During the last years, a large number of deriestivof sulfa
thiazole has been prepared and studied chemiaadlymlogically

Benzothiazoles are bicyclic systems (benzene fuged with
thiazole ring) with two heteroatoms, one sulfurnatand one nitrogen
atom, where in the benzene ring is fused to thpasifions of thiazole
ring like the structure (A).

o O

) (B)

2-mercaptobenzothiazoles are derivatives in whettposition is
liked to the sulfur atom like the structure (B).

The benzothiazoles are aromatic becalusg are cyclic, planar
molecules, and have five pairs of delocalizeglectrons; four of the pairs
are shown ag-bonds, and one pair is shown as a pair of nonimgndi
electrons on the sulfur atéf Furthermore, the ease with which a large
variety of such derivative can be prepared and rdeetivity of the
mercapto group make these compounds valuablengtamaterials for the

preparation of many other benzothiazole.

Y4
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1.8 Aim of the work:
The aim of the present work can be summarizedl&saf.
1) Three ligands have been chosen to be prepamdingt form

2-mercapto benzothiazole; these ligands have fleniog structures.

N
(a) O: \>—NH—N=E—CH3
S (L)
N H
() C[ N NH—N=8
S

(L1
HO

MeO

N
() ©: \>—NH—N=cH: OMe
S

(L
MeO

2) Complexes of these ligands with Ni(ll), Co(lDu(Il) and Cd(ll) are to

be prepared.

3) The study of the new prepared complexes usiffigrdnt method

characterization is to be carried out.
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Chapter three
Results and Discussion
3.1 physical properties of the prepared complexes:

The physical data for the prepared complexesahblés (3-1) to
(3-3) which show different melting points some leéitn were higher than
the parent ligands; others were of lower melting{so

The colours of the complexes were useful in stmattu
determination.,

All the prepared compounds were stable towardsraisture and
light. All reactions were carried out under heatic@nditions and the
solvent was absolute ethanol.

Identification and study of these complexes wengi@a out by
metal analysis [the results are shown in Table$)(® (3-3), infrared,
ultra-violet visible spectrophotometery, magnetiasceptibility and
electric conductivity measurements. According Esthmeasurements the
chemical formula of the prepared complexes haven lmeggested as

given in Table (3-6).

Table (3-1): The physical properties of LI and itsmetal complexes.

Symbol Colour m.p. C) Yield (%) Metal content
Clac. Found
LI Light gray 180 75 - -
AINi Light blue 250-253 12 9.8 10.1
AlCo Brick-red 242-246 69 10.7 10.4
AICu Green 205-207 75 10.5 9.9
AlCd Deep blue 235-240 80 24.2 23.2
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Table (3-2): The physical properties of LIl and itsmetal complexes.

Symbol Colour m.p. °C) | Yield (%) Metal content
Clac. Found
LIl Off white 255 85 - -
AlINi | Yellowish green | 260-dec. 60 8.8 9.0
AllCo Deep green 246-250 77 8.8 9.2
AllICu Deep green 226-230 82 16.9 17.0
AllCd Light brown 240-244 70 22.5 22.8

Table (3-3): The physical properties of LIII and its metal complexes.

Symbol Colour m.p. °C) | Yield (%) Metal content
Clac. Found

LI Off white 210 70 - -
AllINi Light green 220-dec. 85 6.6 7.0
AlllCo Bright green 195-200 72 6.3 5.4
AlllICu Olive green 165-170 70 7.6 7.9
AlllCd Yellow 225-230 62 16.9 16.2

3.2 Preparation of the ligands:

The preparation of the ligands were performedughotwo steps,
the first step include preparation of 2-hydrazineniothiazole from
reaction of 2-mercapto benzothiazole with hydratripérate higher yield

product with higher purity obtained in this methadcording to the
following equation:

N

EtOH (ab
\>—SH + NH,NH, (@bs)
s

AR

N
\>—NHNH2
S
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The second step was the formation of Sbhiff base by using

different aldehydes (mechanism mentioned in seciéh

N N
\>7NHNH2 + RCHO———> \>7NH—N_—CHR + H,0
S S

R= ——CHj LI

MeQO
OMe LI

MeO

3.3 Infra-Red spectra:

The FTIR spectra were taken for the prepared cexasl and
compared with those of their respective ligands friteasurements were
carried out for each compound in solid state as HBc in the range
(4000-400) cr.

3.3.1 TheFTIR spectrum of LI and its metal complexes:

The ligand LI containing the azomethine group. deneral
azomethine group (-C=N) absorption occurs in thgore (1690-1470)
cm* depending on the nature of groups linked € )

The compound containing azomethine group showsicbas
coordination behavior toward metal ions coordimgtina the nitrogen
atoms, this coordination shifts the stretching Gty of azomethine
group either toward higher frequency in some comesd& "°*?or toward

lower frequency in othef$®)
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CHAPTER THREE RESULTS AND DISCUSSION

The increase in frequency may be due he simultaneous
strengthening of the (-C=N-) bond due to an inceesms both sigma
overlap and electrostatic attraction which is palsson account of the
coordination of the azomethine nitrogen to meta{’® The decrease in
frequency indicates a decrease in the stretchinge foonstant of (-
C=N-) group as a consequence of the coordinatioougfh azomethine
nitrogen. The double bond character between cadrah nitrogen is
reduce*®)

The IR spectrum of the ligand LI, Figure (3-1) bl&(3-4) showed
the absence of the band at ~3303*cdue to the (N-H) stretching
vibratior*®, and a strong new band appeared at 1612 assigned to
azomethina(HC=N) linkage, showing that amino and aldehydeeaties
of the starting material were reacted and have loeenerted in to the
azomethine grouf’.

The bands appeared at 1589 and 1446 ocafer tov(C=C) of
aromatic ring, and the band at 2923 'camd 2858 crh refer tov(C-H) of
aliphatic alkane, and the band at 3057 aefers tov(C-H) of aromatic
ring.

A) Nickd (1) complex (AINi):

The spectrum of (AINi) complex Figure (3-4), Taljg4), shows
the shifting of the azomethine band to lower fregyeby (14 crit)
indicating the participation of azomethine nitrogerhe interaction with
the Ni(ll) ion.

The presence of new weak band observed at 576 was
assigned ag(Ni-N) ).

The appearance of a weak band at 682 icdicated the presence
of coordinated water molecules in the strucfif® The bands related to
the free nitrat€® ion were found at 1419, 1272 and 1157'cm
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CHAPTER THREE RESULTS AND DISCUSSION

B) Cobalt (I11) complex (Al Co):

The FTIR spectrum of (AlCo) complex Figure (3-Bable (3-4)
the stretching frequency of azomethine group watieshto a lower
frequency by (12 ci) and appeared at 1602 ¢m

Further condusive evidence of the coordinatiothefligand with
the studied metal ion was shown by the appearahcew weak low
frequency band at 528 ¢inthis was assigned t¢M-N) vibration®®.

A broad band appeared at 3407 tindicating the presence of
coordinated water in the molectiféstructure of the complex.

C) Copper (I1) complex (Al Cu)

The FTIR spectrum of (AlCu) complex Figure (3-6pble (3-4),
show the shifting of azomethine band to a loweqgudiency and appear at
1602 cnt which indicate the participation of azomethingegen with
Cu(ll) atom.

A broad band appeared at 3685 cindicating the presence of
ethanol moleculen the structure of the complex.

The presence of new weak band observed at 507 was
assigned asg(Cu-N)®.

D) Cadmium (11) complex (Al Cd):

The FTIR spectrum of (AlICd) complex Figure (3-Table (3-4)
showed similar behavior with no much difference paned to that of the
ligand.

The FTIR spectrum shows the shifting of the aztsmet band to
lower frequency by (11 ¢ indicating the involvement nitrogen in
coordination with metal ion Cd(Il). The bands s468, 1220 and 1035

cm’ can be assigned as free nitrate%®n
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The band at 501 ccan be attributed to(Cd-N)®>, the weak
band at 630 cihindicated the presence of coordinated water mtgsdn

the structure.

3.3.2TheFTIR spectra of LIl and its metal complexes:

The comparison of FTIR spectra of the ligand (ldid its metal
complexes indicated that the ligand is principatprdinated to the metal
ion in 2-ways (from azomethine-nitrogen and pheanokygen), thus
acting as a bidentate ligand.

Figure (3-2) shows azomethine band appeared 2 t6i" and
the band at 1269 chrefers to the (C-O) stretching vibrati&if®)

The broad band at 3421 ¢nassigned to the(O-H)®” for the
ligand, which was no longer found in the spectramaftal complexes
indicating deprotonation and coordination of hydfoaxygen with the
metal iorf??.

The band appear at 1558 ‘tmefers tov(C=C) aromatic ring, and
band at 3070 cihrefers to thev(C-H) aliphatic, the band 3320 &m
refers tov(N-H)“®.

A) Nickd (1) complexes (AllNi):

The FTIR spectrum of (AlINi) complex Figure (3-&how the
shifting of azomethine band to a lower frequencyg appeared at 1612
cm® this indicate the participation of azomethineagen with Ni(ll)
atom.

Another difference appeared which was the redtisgifof the
phenolic (C-O) band by (37 ¢hhin the spectrum of (AlINi) complex

referring to chelation of the phenolic oxygen te ti(ll) atoni®*2®)
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CHAPTER THREE RESULTS AND DISCUSSION

A broad band which appeared at 3407*camd another medium
band at 754 cthindicate the presence of both coordinating anticéat
water molecules in the structure of (AlINi) complex

The weak band at 529 and 440 tnefer tov(Ni-N) and v(Ni-O)

respectivel{?®.

B) Cobalt (I1) complex (AllCo):

The FTIR spectrum of (AllCo) complex Figure (3-8hows the
shifting of azomethine band to a lower frequency(by cm®) and the
shifting ofv(C-O) band to higher frequency by (39 &rthis indicate the
participation of both oxgen and nitrogen in theorclnation of the
(AllICo) complex.

A broad band appeared at 3405"cand another medium sharp
band at 684 cthindicates the presence of both coordinating attitéa

water molecules in the structure of (AllCo) complex

The presence of new weak band observettatsi' and 472 cm
assigned t@(Co-N) andv(Co-O) respectivel§.

C) Copper (11) complex (All Cu):

On comparison of the copper (II) complex (AllICwestrum
Figure (3-10), Table (3-4) with that of the fregadnd, the following
changes were observed. First, t{€=N) band was shifted to a lower
frequency by (15 cil), and the second was the shiftingy@E-O) band to
higher frequency by (28 c¢h

From the above information would indicate that¢berdination of

LIl with copper (1) ion took place through nitrog@nd oxygen atoms.
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CHAPTER THREE RESULTS AND DISCUSSION

The presence of new weak band observed at 5350 474 ci
assigned to(Cu-N) andv(Cu-O) respectivel§?.
A broad band appeared at 3402 'cindicates the presence of

uncoordinated water molecule in the structure efdbmplex.

D) Cadmium (11) complex (AllCd):

The FTIR spectrum of (AlICd) complex Figure (3-1Table (3-
4) shows the shifting of(C=N) to a lower frequency by (11 &nand
appear at 1616 ¢

Also the band at 1272 ¢htorresponding te(C-O) shift to higher
frequency by (39 cif). These observation indicated the participation of
both oxygen and nitrogen in the complex.

A broad band appeared at 3438'cand another medium sharp
band at 684 cthindicates the presence of both coordinating attitéa
water molecules in the structure of (AlICd) complex

The bands at 578 and 470 tman be attributed to(Cd-N) and
v(Cd-O) respectively.

The band at 1471, 1272 and 1151 craferred to mono dentate

nitrate group.

3.3.3TheFTIR spectra of LIl and its metal complexes:

The FTIR spectrum of LIl Figure (3-3) shows trere behavior
of the LI, which contains the same group (azometlgroup) which used
to characterize the spectra of the complexes.

The comparison of the FTIR spectra of the ligatitldnd its metal
complexes indicated that the ligand is principatprdinated to the metal
jon in 2-ways (from azomethine-nitrogen), thus regtas a bidentate

ligand.
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The isomethine band appeared at 1620 and the band at
1571 cni refers to the(C=C) aromatic ring.

The band appeared at 3070 trafers to the/(C-H) aromatic ring,
the band 2941 and 2837 ¢mefers to the/(C-H) aliphatic, the band at
3300 cn refers to the/(N-H) stretching vibration.

A) Nickel (11) complex (AITINi):

The FTIR spectrum of (AllINi) complex Figure (3J)18how the
shifting of azomethine band to a lower frequencyg appeared at 1606
cm* indicates the participation of azomethine-nitrogeth Ni(ll) atom.

A broad band appeared at 3448'cindicates the presence of
uncoordinated water molecule in the structure efdbmplex.

The presence of new weak band at 560 @ssigned te(Ni-N) ¢,
the bands at 1456 ¢m 1207 and 1078 cimcan be assigned as
monodentate nitrate grolip.

B) Cobalt (I1) complex (All1Co):

The spectrum of (AllICo) complex, Figure (3-13pghthe similar
behavior with no much difference compared to ttidhe ligand.

The FTIR spectrum show the shifting of the azometlband by
(10 cm') this means the involvement of azomethine-nitrogen
coordination with metal ion Co(fff-2°)

The presence of new weak band at 58 assigned to(Co-N)®),
the broad band appear at 3446'coan be assigned to the presence of

free water molecule in the structure.
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CHAPTER THREE RESULTS AND DISCUSSION

C) Copper (11) complex (All1Cu):

The FTIR spectrum of (AllICu) complex Figure (3)18hows the
shifting of azomethine band to a lower frequencyg appeared at 1610
cm* which indicates the participation of azomethintagien with Cu(ll)
atom.

The appearance of a weak band at 682 trdicated the presence
of coordinated water molecules in the strucfif®. The band at
510 cm can be attributed to(Cu-N)®®.

D) Cadmium (11) complex (All1Cd):

The FTIR spectrum of (AllICd) complex, Figure (8)1Table (3-
4), shows the shifting of(C=N) to a lower frequency by (14 ¢nand
appeared at 1606 ¢m

A broad band appeared at 3745 cindicating the presence of
ethanol molecules in the structure, the appearahaeveak band at 756
cm? indicating the presence of coordinated water moéec in the
structure.

The band found at 579 chean be attributed to(Cd-N)®?, the
bands related to the uncoordinaf@dnitrate ion were found at 1458,
1217 and 1083 cin
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Table (3-4): The most significant bands of (FTIR) gectra of LI, LIl and LIl

and their metal complexes.

V (C-H) | V(C-H)
Symbol V(N-H) | V(C=N) | V(O-H) | V(C-O) | V(M-N) | V(M-O)
aromatic | aliphatic
2923
LI 3057 3306 1614 - - - -
2858
AINi 3060 2920 3380 1600 - - 576 -
AlCo 3060 2900 3340 1602 - - 528 -
AlCu 3141 2931 3369 1602 - - 507 -
AlCd 3002 2920 3340 1603 - - 501 -
LIl 3070 - 3320 1627 3421 1233 - -
AlINi 3039 - 3350 1612 3407 1270 529 440
AllCo 3043 - 3359 1616 3405 1272 570 472
AllCu 3080 - 3361 1612 3402 1261 595 474
AllCd 3040 - 3330 1616 3438 1272 578 470
2941
LI 3070 3300 1620 - - - -
2837
_ 2939
AllINi 3065 3315 1606 - - 560 -
2840
2941
AlllICo 3076 3305 1610 - - 580 -
2835
AlllCu 3132 2939 3320 1610 - - 510 -
2945
AlllCd 3066 3318 1606 - - 579 -

2837
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Figure (3-3): FTIR spectrum of LIl
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Figure (3-10): FTIR spectrum of Allcu
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CHAPTER THREE RESULTS AND DISCUSSION

3.4 Magnetic Susceptibility Measurements:

Magnetic measurements are widely used in studyagsition
metal complexes. The magnetic properties are dudndopresence of
unpaired electrons in the partially filled d-orlita the outer shell of
these elements. These magnetic measurements givéeanabout the
electronic state of the metal ion in the complex.

Measuring the magnetic susceptibility contributés the
determination of the structure of the complex, urtfermore, these
measurements provide information about the typebohding and
strength of ligand field of complexes by giving onfhation about the
number of unpaired electrdif&

The effective magnetic spin of the complexes waasured using
spin only magnetic moment according to the follogveguation:

uso=2Vs(s+1) BM.

Wheres = n/2 (n = no. of unpaired electrons).
In this work the results obtained from this equaticere compared
to the actual values obtained through magnetic areagents Table (3-6).
These values were corrected for diamagnetic effesing the
following relationships:
Ueff =2.828 VX, T

XA=XM-D
Xm = Xg X M.wt

Where:

T = absolute temperature 298K
Xa = Atomic susceptibility

Xwm = molar susceptibility

Xq = Gram susceptibility

D = Correction factor.
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CHAPTER THREE RESULTS AND DISCUSSION

The experimental value of magnetic mamenusually greater
than the calculated value of magnetic moment; tagmatic moments for

the prepared complexes are shown in the followarndet

Table (3-5): The magnetic moments for complexdslofll and LIII.

Complex Magnetic moment (B.M)
AINi 2.78
AlCo 4.94
AlICu 1.92
AlINi 2.79
AllCo 5.32
AllCu 1.11
AllINI 2.82
AlllICo 5.06
AlllICu 1.80

oy



CHAPTER THREE RESULTS AND DISCUSSION

3.5 The electronic spectral study and conductivity measurements of
the prepared compounds:

Electronic absorption spectra of transition metamplexes are
usually attributed to the partially filled d-orhitaf the metal, the energy
required for such transitions is that of the ne& &hd visible region.
Charge transfer spectra are due to transitionsdsetwnetal and ligand.
Study of electronic spectra of complexes help i@ tetermination of
structure of the complexes through the electromieraction of the metal
d-orbital and ligand orbital. In our work, the spracvere recorded in the
range (200-1100) nm, using dimethyl sulphoxide (ODJ&s a solvent.

Conductivity measurements of the prepared conegslex the
appropriate solvent are used to decide whethemplex is electrolyte or
neutraf’>? Table (3-6) shows the positions of the electraiisorption
bands and their transitions and also include tHeulzied values of
Racah parameter (B'), 10 Dg and nephelauxetic fg&p Table (3-7)
showed the conductivity data for the prepared cewgd at room
temperature and the suggested structure for eanbler, the structures
were suggested for the prepared complexes accorttinthe band
positions of the infra-red spectra, electronic apson bands, atomic
absorption, magnetic properties and electronic aotiity measured for

these complexes.

oA



CHAPTER THREE RESULTS AND DISCUSSION

3.5.1 Complexesof LI:
A) Ni(l1) complex (AINi):

Ni(ll) complex spectrum in DMSO, Figure (3-16) shdhree
bands, the first two bands at 15,503"camd 24,69 cifwere assigned as
belonging to transitions:

*Axg (F)— °Tag (F) ¢2)
*Ag (F)— °Tig (P) ¢9)

The value of; was calculated using Tanabe-Sugano digram%or d
system, scheme (3-1), and found to be 8,443 wiich refer ta*A,g (F)
— 3T,g (F) transition , this value represent the cryiéddl splitting value
(10 Dq) indicating weak field effect, the differdigand field parameters
have been calculated using same diagram, the sem@tfound in Table
(3-6).

The term symbol for the ground state of Ni(ll) i can split in
octahedral crystal field as follows

3 _“_3Tlg (P)
3
T.9 (F
’ I 19 (F)
, L *To9 ()
F——~
v 1"'2 \’3
' Ay (F)

The magnetic susceptibilty and molar catidity indicate the
complex to be (Oh), and to be conducting from thesalts and that of
FTIR study the suggested structure is as follows:

o9
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74
/K (NO3),

6: | y/ ey T
I
Van

>
N
' <

Dq/8
d®. C/B=4171

Scheme (3-1): Tanabe-Sugano diag for d® system.

B) Co(ll) complex (Al Co):

Electronic spectrum of cobalt (II) complex usua$iffow three
transitions, but these transitions can not be assigasily because of the
greater overlapping of thémi***1%? Octahedral complexes of Co(ll) are
reported to consist of two bands one in the 1548800 crit and the
other in the 20,000-20,800 &megions'%?)
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The term symbol for the ground state of Co(ll) isfiF which can
split in octahedral crystal field as foll&%7.

o —“—41—19 (P)
. “Azg (F)
‘T20 (F)
4F \/_ - ‘\
V3
\V V2
*T1g (F)

In the present work the two banetsmplex show one at 15,479 cni*
and the other at 20,202 énFigure (3-17) which is assigned to the
transitionv, andv; respectively.

The value ofv; was calculated using Tanabe-Sugano diagram for
d’ system, scheme (3-2), and found to be 7,870 wiich refers td'T.g
(F) — “T,g (F) transition, 10 Dq value was also calculateanf diagram
and found to be 9,837 cm referring to a weak fitlake. The different
ligand filed parameters have been calculated usiagame diagram, the
results found in Table (3-6).
Octahedral cobalt (II) complex however, maintaitaage contribution
due to*Tg ground term and exhibits peff. in the range .86 B.M.)
199 the magnetic measurement of the (AICo) complex.B4 B.M.
shows the complex is paramagnetic and have threain@d electrons
indicating a high-spin octahedral configuration.
From these result an octahedral geometry aroundl)don can be

suggested as illustrated in the following structure

1)



CHAPTER THREE RESULTS AND DISCUSSION

OHz CH—CHS

KN/r{/K clz

H3C—HC OH,

The formula was further confirmed to be ionic byndactivity

measurements.

£/8

Scheme (3-2): Tanabe-Suganagtiam of d’ system.

C) Cu(ll) complex (Al Cu):
Cu(ll) compound are blue or green because of sirlgioad
absorption band in the region (11,000-16,000%¢Hi. The d ion is

characterized by large distortion from octahedyahmetry and the bond

1y



CHAPTER THREE RESULTS AND DISCUSSION

IS unsymmetrical, being the result of a numberrafhgitions, which are
by no means easy to assign unambiguously. Thédreground”D term

is expected to split in a crystal field in the samay as théD term of the
d* ion and a similar interpretation of the spectrisniikewise expected,

and according to the following diagr&rt**)

2ng -7 A
/_<~~ 2
~-..Bg
, A
. 2 .
Free ion ———~<’
. ’Ag
N2 e’
\\i::. ZB Tvl -\"2 \"3
oh crystal field =~ bB18
tetragonal
crystal field

Unfortunately, this is more difficult teuse of the greater over
lapping of bands, which occurs in the case of Gu(ll
In the present work, the green (AICu) complex skhiavbroad
band® at 15,576 cm can be assigned &g —°T,g transitions, Figure
(3-18).
The magnetic susceptibility and molanductivity indicate the
complex to be octahedral, and to be non-conduciiable (3-7). From
these results and that of FTIR study the suggestadture is as follows:

1y
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YN /N\NH
C 2EtOH
HN\/N | N

D) Cd(I1) complex (Al Cd):

Since the UV-Visible spectrum of%ion do not furnish a lot of
information, so some shifting and change in thepshat the bands were
compared with these of the ligand, therefore pdssijeometry around
these ions can be suggested considering the nmeblses, FTIR spectra
and taking in account the available structures daarthe literatur& 9%

These observations led us to suppose tetrahee@hefry for

(AICd) complex:

OH,

/
)~H

CH3

(NO3),

Conductivity measurements showed thatidzl complex is ionic;

Table (3-7).

¢
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3.5.2 Complexesof LII:
A) Ni(l1) complex (AlINi):

The spectral behavior of this complex, Figure @3-4&as identical
with that of (AINi), which also shows two bands eoat 15,625 cihand
the other at 25,773 chwhich was assigned to the transitionsandvs
respectively,v; was calculated using Tanabe-Sugano diagram Yor d
system and found to be 8,715 tmbelong to the transitiotA,g (F) —
“T.g (F).

The magnetic susceptibility and molar conductivittgicate the
complex to be octahedral, and to be non-conduciiiagple (3-6). From

these results and that of FTIR study the suggestadture is as follows:

s
N/ IL o)
—
HC™

2H,0

B) Co(ll) complex (AllCo):

The spectral behavior of this complex, Feg(B8-20) was identical
with that of (AICo), which also shows two bandseat 15,384 cihand
the other at 20,492 ¢hrwhich was assigned to the transitignandv;
respectively,v; was calculated using Tanabe-Sugano diagram for d
system and found to be 7,185 cm which belong tdrémesition*T.g (F)
— *T.g (F).

10



CHAPTER THREE RESULTS AND DISCUSSION

The magnetic susceptibility and molar conductighpow the complex to
be octahedral and to be non-conducting, Table (3-7)
From these results and that of FTIR studysihggested structure is

follows:

S OH,
L)y
N

(0]
HC?Z X "/
Cc

/ }\ _CH 2H,0
N

O | N
74
HN
LA~

C) Cu(ll) complex (AllCu):

Electronic spectrum of the dark green complex Al is shown in
Figure (3-21), Table (3-6). The dark green colaattsibuted to the single
broad absorption band in the region (16000-2003)ém the d ion is
characterized by large distortion from octahedmbrgetry. Octahedral
complex for Cu(ll) usually have three bands butoutuinately these
bands can not be clearly assigned, this difficidtydue to the greater
overlapping of the bands, which usually occursha tase of Cu(ll)
complexes.

The center of the broad band has been assigrig]129 crit; this
band refers to distorted octahedral geometry (Jailer distortion{>*?)

The term symbol for the ground state of Cu(ll) finwhich can
split in crystal field like (AICu).

N
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The low value of magnetic moment (1.11 B.M.) Tatde5) can be
attributed to the high spin-spin couplihf®? of two adjacent copper
atoms (dimeric structures).

Therefore the expected geometry of the comples ®llows:

s
NH
©:N/>—r{1 Cl o@
HE” \Cu/ \Cu/
/7 N/ X _.CH H20
@o Cl NN
£
s

Conductivity measurements show that the compleorsionic.

D) Cd(11) complex (All Cd):
Conductivity measurements showed that the complag non-
conductive, and from the FTIR study the structurthis complex can be

regarded as of tetrahedral geometry:

ONo2

N HN—nN
@E >7 \ OH2 2H,0

1y
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3.5.3 Complexesof LIII:
A) Ni(l1) complex (AllTINi):

Electronic spectrum of (AllINi) Figure (3-22), skdwo bands on
at 15,797 ci and the other at 25,125 mwhich refer to the transitions
3A.g (F) — °Tig (F) and®A.g (F)— *T.g (P) respectively.The value of
was calculated using Tanabe-Sugano diagram®feystem, and found to
be 8,351 ci refering to°A,g (F) — °T.g (F) transition, which is also

equal to 10 Dq value indicating a high spin complex

The magnetic susceptibility and molar conductivédlgow the

complex to be octahedral and to be non-conductiogn these results

and that of FTIR study the suggested structurs isléows:

H3CO

H;CO

=

S N

HN_ A

Y
HC

OCH,

N

H5CO

ONO, ;-1
N
/ \NH

N

ONO@

TA

OCH,

OCH;
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B) Co(l1) complex (All1Co):

Electronic spectrum of (AllCo), Figure (3-23), showo bands on
at 15,408 cm and the other 20,000 ¢mwhich are assigned to the
transitions'T,g (F)— “A.g (F) and'T.g (P)— “A,g (F) respectively. The
value ofvs was calculated using Tanabe-Sugano diagram feystem,
and found to be 7,573 ¢hwhich refers tdT,g (F)— “T.g (F) transition.

The magnetic susceptibility and molar agctovity indicate the
complex to be octahedral and to be non-conducfreen these results

and that of FTIR study the suggested structurs fsléows:

_ 0, pss

S / \|/ OCHj

H3CO
: Cl @

OCH;
| HCO

6H,0

C) Cu(ll) complex (Alll1Cu):

The spectral behavior of this complex, Figure {3-&as identical
with that of (AICu§**®, which also show a broad band at 15,267 that
refers to’Eg— °T.g transitions.

The magnetic susceptibility and molar conduttivshow the
complex to be octahedral and to be conductive, ftbese results and
that of FTIR study the suggested structure is bhews:

14
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HsCO

H5CO

C
OH2 // H

S

N

b

N

Cu

SNH

OCH;

HN\N/T \N 7

/

HC

OH,

OCH,

Cl,

OCH,

HsCO

D) Cd(11) complex (All1Cd):
Conductivity measurements showed that the comiglénic, and
from FTIR study the structure of this complex cam fegarded as

tetrahedral geometry as follows

(NO3),.EtOH

HaCO OCH,

OCH,
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Table (3-6): Electronic spectral data for complexesf LI, LIl and LIl in DMSO

solvent (crril).

Absorption
Symbol 1 Transitions B B' f | 10Dg | 15B'
Bands cm
8,443 3A.0(F)—->T2g (F)
AINi 15,503 | 3A,g(F)->Tig (F) | 1030 | 991 | 0.96 8,443 | 14,865
24,691 | Ag(F)->Tg (P)
7,870 T19(F)="T-g (F)
AlCo 15,479 | *“T.g(F)-"A.g (F) | 971 | 804 | 0.82 9,837 | 12,071
20,202 | “T.g(F)-*T.g (P)
AlCu | 15,576 ?Eg—°T.g - - - - -
8,715 3A,0(F)—>T,g (F)
AlINi 15,625 | 3A.g(F)-°T.g (F) | 1030 | 1016/ 0.98 8,715 | 14,049
25,773 | Ag(F)->Tg (P)
7,185 “T19(F)~*T.g (F)
AllCo 15,384 | ‘“Tig(F)~*Ag (F) | 971 | 955| 0.99 7,670 | 14,325
20,492 | “T.g(F)-*T.g (P)
2 2
Bi10—°A
AliCu | 16,129 T e - - - .
Blg—> Bzg
8,351 3A.0(F)—>Tog (F)
AllINi 15,797 | 3A.g(F)-°T.g (F) | 1030 | 10,57 0.98| 8,351 | 15,141
25,125 | *Ag(F)~°T.g (P)
7,573 “T19(F)~"T.g (F)
AllICo 15,408 | “Tig(F)~*Axg (F) | 971 | 845| 0.87 7,962 | 12,687
20,000 | “T1g(F)-"T1g (P)
AllICu 15,267 2Eg—°T.g - ] ] ] ]

\A
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Table (3-7): Magnetic moment, Conductivity and sugested structure for

complexes of LI, LIl and LIII.

Complex Magnetic moment Conducti\iity Suggested
Meff (B.M.) Ms.cm structure

AINi 2.78 72 Octahedral
AlCo 4.94 80 Octahedral
AlCu 1.92 20 Octahedral
AICd Diamagnetic 75 Tetrahedral
AlINi 2.79 10 Octahedral
AllCo 5.32 12 Octahedral
AllCu 1.11 20 Square planar
AlICd Diamagnetic 15 Tetrahedral
AllINI 2.82 19 Octahedral
AlllCo 5.06 20 Octahedral
AllICu 1.80 77 Octahedral
AlllCd Diamagnetic 75 Tetrahedral

\Al
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Table (3-8): The Chemical Formula and the namef the LI and their complexes

Symbol

Chemical Formula

Name of the Compound

LI

CoHgN3S

2-(Acetlidin)hydrazino benzothiazole

AINi

[Ni (LT)2(H20)2].(NO3) 2

Diaquo bis [2-(Acetlidin)hydrazino
benzothiazole] Nickel(ll).nitrate

AlCo

[Co (LI)2(H20)2].Cl>

Diaquo bis [2-(Acetlidin)hydrazino
benzothiazole] Cobalt(ll).Chloride

AICu

[CU(L 1)2 CL 2]2C2H sOH

Dichloro bis [2-(Acetlidin)hydrazino
benzothiazole]Copperll).Ethanol(2)

AlCd

[ Cd LI (H20),].(NOs3) 2

Diaquo[2-(Acetlidin)hydrazino

benzothiazole]Cadmium({I).nitrate .

vy
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Table (3-9): The Chemical Formula and the name ofhe LII and their

complexes.
Symbol Chemical Formula Name of the Compound
LIT C14H12N30S 2-(O-hydroxy benzylidine) hydrazino
benzothiozole.
Diaquo bis [2-(O-hydroxy benzylidine)
. : hydrazino benzothiozole] Nickel(ll).
AIINI [NI (L II)z (HzO)z]ZHzO Water(2).

AllCo [Co (LII); (H20)2].2H,0

Diaquo bis [2-(O-hydroxybenzylidine)
hydrazino benzothiozole]
Cobalt(IT). Water(2).

Di-u-Chloro-bis [2-(O-hydroxy
benzylidine) hydrazino benzothiozole]

AlICu [CU2 (LII)z C|2]H20 Copper(ll).Water(l).
Aquo nitrato [2-(O-hydroxy benzylidine)
hydrazino benzothiozole
Al [Cd LTI (H20) (NOg)]. gadmium(ll).Water(Z). ]
2H,0

A&
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Table (3-10): The Chemical Formula and the nameof the LIII and their

complexes
Symbol Chemical Formula Name of the Compound
LIII C17/H17N30O3S 2-(2,4,6-trimethoxy benzylidine) hydrazine
benzothiozole.
Dinitrato bis [2-(2,4,6-trimethoxy
ATIINi [Ni (L IT1) 5 (NOg),].H,0 benzylidine) hydrazino benzothiozole]

Nickel(Il). Water(1).

Dichloro bis [2-(2,4,6-trimethoxy
AllICo [Co (LIII), Cl5].6H20 benzylidine) hydrazino benzothiozole]
Cobalt(IT). Water(6).

Diaquo bis [2-(2,4,6-trimethoxy
benzylidine) hydrazino benzothiozole]

AlliCu [Cu(L 111)2(H,0),].Cl, Copper(ll).Chloride

Diaquo [2-(2,4,6-trimethoxy benzylidine)
hydrazino benzothiozole] Cadmium(ll).
ALICd | [Cd LTIl (H50),].(NO3)s. y ol nitr]ate. (I

CoHsOH

Yo
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AlINi
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Figure (3-16): Electronic Spectrum of LINi
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Figure (3-17): Electronic Spectrum of LICo
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Figure (3-19): Electronic Spectrum of LIINi
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Figure (3-20): Electronic Spectrum of LIICo
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Suggestion for future work:
The following suggestion can be postulated to ensampletion
of the work:

1) Using C.H.N. microanalysis and NMR techniquesctoimplete the
identify of the structures of the Schiff base at&l metal complexes

prepared.

2) Preparation of another set of transition mebahglexes with the other

transition metal ions.
3) Making a screening antibacterial and antifuregzlvity of the Schiff

base and all the metal complexes, to explore thetivity and the

synergic effect between the metal and the ligand

AN
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Chapter two
Experimental part
2.1 Instrumentation:
A) Fourier Transform infrared spectrophotometer (FTIR):

The infrared spectra of the prepared compound vee@ded using
FTIR 8300 Fourier transform infrared spectrophotemef SHIMADZU
company as a potassium bromide (KBr) discs in taeewvmmumber range
of (4000-400) cni.

B) Electronic Absorption spectra:

The electronic spectra of the prepared complexexe wbtained
usingSHIMADZU UV-Vis-160A Ultra-Violet Spectrophotometer, using
1.0 Cm quartz cell at room temperature in the raofyevave-length
(200-1100 nm).

C) Magnetic susceptibility measurements:

The magnetic susceptibility values for the pregacemplexes
were obtained at room temperature using (Magnetisc&ptibility
Balance) of Johnson mettey catalytic system diwisingland.

D) Metal Analysis.

The metal content of the complexes was measurid) @omic
absorption technique by Berkin-Elmer 5000 Atomic sAiption
Spectrophotometer for the determination of fC&uU, Ni*?, Cd?)

E) Conductivity measurement:

The molar conductivity measurements were obtaus#ag corning

conductivity 220.
F) Melting point:
Gallen Kamp M.F.B, 600.01Melting point apparatuaswsed it

measure the melting point of all the prepared camgs.

Y)Y
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2.2 Chemicals:
All the chemicals used in this work were of highasrity available

and the supplied without further purification.

The following Table (2-1) shows the purity the geats and the

companies which supply themes.

Table (2-1): Chemicalsand Their Manufacturers.

Compound Purity % company
2-Mer capto benzothiazole 97 BDH
Hydrazine hydrate 85 Merck
Absolute ethanol 99.99 BDH
Acetaldehyde 97 Fluka
Salicylaldehyde 97 Mer ck
2,4,6-Trimethoxy benzaldehyde 98 BDH
Nickel nitrate hexahydrate 96 BDH
Cobalt chloride dihydrate 99 Fluka
Copperic chloride dihydrate 95 Fluka
Cadmium nitrate hexahydrate 98 BDH
Dimethyl sulphoxide (DM SO) 99.9 BDH

Yy
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2.3 Procedures of the step wise synthesis:
The step wise synthesis of the three ligands (LI, LIII) were

preformed as follows starting form 2-mercapto bénzzole.

OMe (L1

MeO step-3- N
N \>7NHN=CH—CH3
@ \>7NHN=CH S
S

@\y=@

(LI
HO

Scheme(2-1) Reagents and Conditions; step-1- hydrazine hydrate, EtOH
(abs), reflux (6h); step-2- acetaldehyde, EtOH (abs.), reflux (5h); step-3-
salicylaldehyde, EtOH(abs.), reflux (2h); step-4- 2,4,6-Trirmethoxy benzaldehyde,
EtOH (abs.), reflux(2h).

Yy
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2.4 Methods of preparation:
2.4.1 Synthesis of 2-hydrazino benzothiazole:

2-mercapto benzothiazole (2-MPT) (1.67 g, 0.01 pndissolved
in absolute ethanol, was added hydrazine hydrd&®)g0.5 g, 0.317ml
0.01mole) and the mixture was then refluxed fooérs, excess solvent
was distilled off, The resulting solid then wasaeed out on cooling
and filtered, dried and recrystallized form eth&fblyield 84 %, m. p.
(203-2058C) and light Brown needle-like.

2.4.2 Preparation of the Schiff basesligands LI, LII,and LIII:
A) 2-(acetlidine) hydrazine benzothiazole (L 1):

A mixture of (0.5 g), (810° mole) of 2-hydrazino thiazole with
(0.133g, X10° mole) of acetaldehyde was dissolved in (20ml) of

absolute ethanol, the resulting mixture was heatgd stirring under
reflux for 5 hours, alight gray precipitate wasmed then filtered and
dried, yield (75%), m. p. (18TC).

B) 2-(O-hedroxy benzylidine) hydrazine benzothiazole (L 11):
A mixture of (0.5 g, X10° mole) of 2-hydrazino benzothiazole

with (0.369 g, X10° mole)of salicylaldehyde was dissolved in (30 nfl) o

absolute ethanol, the resulting mixture heated wsitfring under reflux
for two hours, a off white precipitate was formand then filtered and
dried, yield (85%), m. p. (255 °C).

Y¢
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C) 2-(2,4,6-tri methoxy benzylidine) hydrazine benzothiazole (L111):
A mixture of (0.5g, X10° mole) of 2-hydrazino benzothiazole
with (0.593 g, 3.810° mole) of 2,4,6-trimethoxy benzaldehyde was

dissolved in (20 ml) of absolute ethanol, the riasglmixture heated with
stirring under reflux for two hours, an off whiteegipitate was formed,
and then filtered and dried, yield (70%), m. p.(200).

2.5 Preparation of the new complexes:
2.5.1 Complexesof LI:
A) Ni(l1) complex (AINi):
(0.5g, 2.&10° mole) of (LI) was dissolved in (10 ml) absolute

ethanol and mixed with (0.38 g, XB0°mole) of the Nickel nitrate

hexahydrate that dissolved in (5 ml) absolute ethahe mixture then
was refluxed for (1 hour), the resulting precigtawvas filtered and
washed with absolute ethanol and dried under retlywessure, the
prepared complex was soluble in (DMSO) and paytisdiluble in warm
absolute ethanol, melting point, colour and yié) @re given in Table
(3-1).

B) Co(l1) complex (Al Co):
(0.5 g, 2.&10° mole) of (LI) was dissolved in (10 ml) absolute

ethanol and mixed with (0.2 g, XB0® mole) of the Cobalt chloride

dihydrate that dissolved in (5 ml) absolute ethatie# mixture then was
refluxed for (1 hour), the resulting precipitatesadtered and washed
with absolute ethanol and dried under reduced presghe prepared
complex was soluble in (DMSO) and patrtially solulslevarm absolute

ethanol, melting point, colour and yield (%) areagi in Table (3-1).

Yo
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C) Cu(ll) complex (Al Cu):
The same procedure as in (2.5.1)-B- was followddr the
preparation of Cu (lI) complex, melting point; cotoand yield (%) are

given in Table (3-1).

D) Cd(I1) complex (Al Cd):
(0.25 g, 1.%10° mole) of (LI) was dissolved in (10 ml) absolute

ethanol and mixed with (0.45 g, XB0® mole) of the Cadmium nitrate

hexahydrate that dissolved in (5 ml) absolute ethahe mixture then
was refluxed for (1 hour), the resulting precigtawvas filtered and
washed with absolute ethanol and dried under reblyoessure, the
prepared complex was soluble in (DMSO) and paytisdiluble in warm
absolute ethanol, melting point, colour and yiéla) @re given in Table
(3-1).

2.5.2Complexes of LI1I:
A) Ni(l1) complex (AlINi):
(0.5 g, 1.&%10° mole) of (LIl) was dissolved in (10 ml) absolute

ethanol and mixed with (0.27 g, X20* mole) of the Nickel nitrate

hexahydrate that dissolved in (5 ml) absolute ethahe mixture heated
with stirring under refluxed for (1 hour), the réswg precipitate was
fillered and washed with absolute ethanol and dueder reduced
pressure, the prepared complex was soluble in (DM&@ partially
soluble in warm absolute ethanol, melting pointpaoand yield (%) are

given in Table (3-1).
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B) Co(l1) complex (AllCo):
(0.5 g, 1.&%10° mole) of (LIl) was dissolved in (10 ml) absolute

ethanol and mixed with (0.15 g, X20* mole) of the Cobalt chloride

dihydrate that dissolved in(5 ml) absolute ethatiod, mixture then was
refluxed for (1 hour), the resulting precipitatesadtered and washed
with absolute ethanol and dried under reduced presshe prepared
complex was soluble in (DMSO) and patrtially solulslevarm absolute
ethanol, melting point, colour, and yield (%) areegp in Table (3-1).

C) Cu(ll) complex (AllCu):
(0.5 g, 1.&%10° mole) of (LIl) was dissolved in (10 ml) absolute

ethanol and mixed with (0.32 g, X80 mole)of the Copperic chloride

dihydrate that dissolved in (5 ml) absolute ethatie# mixture then was
refluxed for (1 hour), the resulting precipitatesadtered and washed
with absolute ethanol and dried under reduced presshe prepared
complex was soluble in (DMSO) and patrtially solulslevarm absolute
ethanol, melting point, colour, and yield (%) areegp in Table (3-1).

D) Cd(11) complex (All Cd):
(0.5 g, 1.&%10° mole) of (LIl) was dissolved in (10ml) absolute

ethanol and mixed with (0.64 g, X80 mole) of the Cadmium nitrate

hexahydrate that dissolved in (5 ml) absolutethahe mixture heated
with stirring under refluxed for (1 hour), the réswg precipitate was
fillered and washed with absolute ethanol and dueder reduced
pressure, the prepared complex was soluble in (DM&@ partially
soluble in warm absolute ethanol, melting pointpag and yield (%) are

given in Table (3-1).
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2.5.3 Complexesof (LIII):
A) Ni(l1) complex (AllT1Ni):
(0.5 g, 1.X10°mole) of (LIlI) was dissolved in (10 ml) absolute

ethanol and mixed with (0.2 g, X20* mole) of the Nickel nitrate

hexahydrate that dissolved in (5 ml) absolute ethahe mixture heated
with stirring under refluxed for (1 hour), the réswg precipitate was
fillered and washed with absolute ethanol and dueder reduced
pressure, the prepared complex was soluble in (DM&@ partially
soluble in warm absolute ethanol, melting pointpag and yield (%) are

given in Table (3-1).

B) Co (1) complex (AlllCo):
(0.5 g, 1.X10° mole) of (LII) was dissolved in (10 ml) absolute

ethanol and mixed with (0.12 g, X20* mole) of the Cobalt chloride

dihydrate that dissolved in (5 ml) absolute ethatisé mixture heated
with stirring under refluxed for (1 hour), the réswg precipitate was
fillered and washed with absolute ethanol and dueder reduced
pressure, the prepared complex was soluble in (DM&@ partially
soluble in warm absolute ethanol, melting pointpaoand yield (%) are
given in Table (3-1).
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C) Cu(ll) complex (AllCu):

The same procedure as in (2)B- was followed for the
preparation of Cu (lI) complex, melting point, cotaand yield (%) are in
Table (3-1).

D) Cd(I1) complex (All1Cd):
(0.5 g, 1.X10°mole) of (LIlI) was dissolved in (10 ml) absolute

ethanol and mixed with(0.5 g, X#0°mole) of the Cadmium nitrate

hexahydrate that dissolved in (5 ml) absolute ethahe mixture heated
with stirring under refluxed for (1 hour), the réswg precipitate was
fillered and washed with absolute ethanol and dueder reduced
pressure, the prepared complex was soluble in (DM&@ partially
soluble in warm absolute ethanol, melting pointpag and yield (%) are
given in Table (3-1).
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FT-TR Fourier transform infrared
Uv-Vis Ultraviolet-Visible

DMSO Dimethyl Sulfoxide

ETOH Ethanol

Oh. Octahedral

B.M. Bohr magneton

v Stretching

nm Nanometer

A Wave length

M.P. Melting point
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