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(1-1) 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 respechis hard and soft
acids and bases theory (HSAB) of Pearson, whiclvsltbe tendency of
metal ions to coordinate with certain groups. Dejoeg on the nature of
the donating atom in these grolthsAlso to know the factors affecting
the stability of the resulting complexes.

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 sigess the series and in
part from ligand field 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 &3 ,Ali™ and C&° @.

Ligands and metal ions are classified #eeeito type (a) or type (b)
according to their preferential bonding. Classnfajal ions include those
of alkali metals, alkaline earth metals and lightemsition metals in
higher oxidation states such ag*TiCr?, Fé*, Co™, and the hydrogen
ion , H'. Class (b) metal ions include those of the heatri@nsition
metals, and those in lower oxidation states sudblAsAg" , Hg? , Pd?
and Pt* . According to their prefences toward either cl@gsor class (b)
metal ions, ligands may be classified as type (afbd respectively.

Stability of these complexes may be summarizedkksis:
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Table (1-1) some ligands and their preferentialdiog with metals
(a) and (b)

Tendency to complex with class (| Tendency to complex with class (b)
metal ions metal ions
N>>p>As>Sb N<<P>>As>Sb
O>>S>Se>Te O<<S<Se~Te
F>ClI>Br>| F<Cl<Br<lI

For example, phosphines R and thioethers @8) have so 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 compouridls

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 (symbidsis)

Often metal complexes expand their coordination lemby
interaction with a Lewis base. This may take pldme interaction
association or by adduct formation with solvent ather available
ligands. The physical properties of the resultimgmplex often are
significantly different from those of the compleatrhaving the expanded
coordination numbé&?.

(1-2)Metal Complexes of Polydentate Ligand:

Since complex formation or ligand substitution ispsvise even
with polydentate ligand, we may expect that polyden ligands,
particularly those with nonequivalent coordinatiatoms, will exhibit
varying dentate nature3hus, the normally bidentate ethylenediamine
can be monodentdtt as NHCH,CH,NH;" in the Cr (Ill) complex
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[Cr(NH,CH,CH,NH3)(H,0)s]™ and ethylenediaminetetraacetic acid 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

It may further be expected that the most imporaciors affecting
the dentate nature of a polydentate ligand will @&, solvent, the
coordinated groups, the relative metal to ligandcemtration and any
factors that may affect the mechanism of ligandsstution. There have
been a number of investigatioh®n the nature of the complexes formed
with multidentate ligands containing the N-hydrathoye group.

In 1972, (NS,) macrocycli® type ligand was synthesized

according to the following scheme:

NH2 H‘\ )S /\
h . < 1) BoHg , THF <
ea N 2Ha N
[ “dilution N j 3) N(CH3),OH N j + HC
< (toluene) ( H <
NH; Nw
CI

o

Scheme (1-1)

In 2000 Maschark and Marfih reported the synthesis of the
Ligand [N,N-bis-(2-mercaptophenyl)pyridine&dicarboxyimide]. It's

complex with Fe(lll) was also prepared, spectrogcgudies showed
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that the geometry around Fe(lll) is a distorteddnal bipyramidal, as

shown in the following scheme:

+1

Scheme (1-2)

(1-3) Schiff bases
1-3-1 Synthesis of Schiff bases

The term “Schiff base ”is| used to definesh organic compounds which
contain the functional group{ €& N ). Bichases were firstly prepared
by Schiff in 1864°', from condensation reaction of aldehydes or ketone
with primary amines .

Schiff bases have several nomenclatureh sas Anils, Imines,
Azomethines, Benzanils and Benzyildeneanitfhe

Imines, Schiff bases and other C=N compound carmrellluced with
LiAIH 4, NaBH,;, Na-EtOH, hydrogen and a catalyst, as well as witiner
reducing agents?.

Schiff base rapidly decompoesed in aquemidic media, but they are
very stable in basic solutiofi&.

Schiff base can be obtained by condensation weadtietween carbonyl

compound (1) and amine (2) with the formation ofreralcohol as intermediate
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(3). The experimental conditions depend on thereatfithe amine and especially

of the carbonyl compound which determine the positf the equilibrium.

Scheme(1-3)Preparation of Schiff base

These bases can also be prepared by refl@tiaguimolar quantities
of aldehydes or ketone with amine or by slow mglfior 10 minutes and
then isolating and purifying the product by recajistation, or
sublimation under reduced presstir®.

Staall® prepared Schiff bases by removing water whiclviméd by
condensation of aldehydes with amine by refleximgpoeénzene. This is
done by mixing the amine and the aldehydes in benzand then the
residual solution is distilled under vacuum.

Bidentate Schiff bases have been among Igdmak are extensively
used for preparing metal complexes. These ligangs described
according to their donor set as N,N-donor Schiffdza N,O-donor Schiff
bases and N,S-donor Schiff bases depending onstinecture.

Tridentate Schiff bases may be generally awmrsd as derived from
the bidentate analogues by adding another donapgtbese have been
utiized as an ionic ligands having (N,N,O), (N,N,§N,0,0) and
(N,S,0) donor sets?.
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(1-4) Thiazole compounds and their derivatives :-

Thiazole is considered to be of a great lgmal importance, in which
activity and potency of many enzyme depend on\waehaf thiazole group
when coordination with transition metal ions esplyi having double
equivalence occuf®. This group is a heterogeneous ring (structuye Il
fig(1-1), having two donating atom of sigma bofoisthe metal (nitrogen,
sulfur) which was derivated from imidazol (stru&uy, fig (1-1), in which

NH group is replaced by with one sulfur atom inipos 1.

3 33300~
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=
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Fig (1-1) Thiazole derivatives.

This makes thiazole group accepds bond better than amidozol as a
result of the existence of one empty(d) orbitalsutfur atom. Researches
found that the overlapping of this group with metahowed a connection
between metal ion and ligand was taking place tnotlne nitrogen atom
which is most possible than the connection by théus atom, while the
restoring of the hydrogen in position 2 with Ngroup (structure 1l1), fig(1-
1), provides a third position for donating the bamdhe metal iofi®.

One of the other derivative of the thiazatgy is 2-aminobenzothiazole
which was preparated by Laffeéfrom the reaction of thiocyanogen with o-
aminothiophenol, consisting of a double ring systerwhich one benzene

ring cohere with one thiazole ring in two positid® (structure V) fig(1-1).
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1-4-1 Benzothiazols

Benzothiazoles are bicyclic systems (benzemgefused with thiazole
ring) with two hetero atoms, one sulfur atom ane aitrogen atom,
wherein the benzene ring is fused to the 4,5 mrstof thiazole ring like

structure (A).

AN
~
O

Fig (1-2) Benzothiazoles and its derivatives

2-Mercaptobenzothiazols are derivatives incwhthe position2 is
linked to the sulfur atom like the structure (B).

The benzothiazoles are aromatic because #neycyclic, planer
molecules, and has six pairs of delocaligedelectrons, four of the pairs
are shown agr) bonds, and one pair is shown as a pair of noribgnd
electrons on the sulfur atoamd the other pair is shown as a pair of
nonbonding electrons on the nitrogen atSin

In 1922, 2-mercaptobenzothiazol was develomed a rubber
vulcanization accelerators, thus the early impé&tusie study of thiazole
chemistry came from the practical importance oftteezothiazolé®.

Furthermore, the ease with which a large wareé such derivative
can be prepared and the reactivity of the mercgptaip make these
compounds valuable starting materials for the pagpan of many other

benzothiazoles
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The biological importance of benzothiazokrivhtive was further
emphasized during the period 1941-1945 The wortherstructure of the
antibiotic, penicillin, which has showed the presermf a thiazolidine

ring in this important therapeutic ag&ht
1-4-2 Synthesis of 2-Mercaptobenzothiazoles :

The 2-mercaptobenzothiazol and their denvesti are available
through a variety of ring closure routes. In théofeing sections the
most important methods for the preparation of 2eaygtobenzothiazole

derivatives are listed, here in :
Reaction of aryl amine with carbon disulfide and sulfur :

2-Mercaptobenzothiazole is prepared in ggettls by treatment of
aniline with carbon disulfide and sulfur under [@@® at temperatures up
to 300°C.

o+C5, S N
@ s D
200-300°C =z o
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This method can be used with certain substitairyl amines in place
of aniline to yield mercaptobenzothiazol substidute the benezenoid
ring® .

Reaction of o-amino thiophenol with carbon disulfide :

A more versatile process and one that is meadily applicable in the

laboratory involve the treatment of o-aminothiopblenvith carbon

disulfide ®®.

SH N
CS,
(L2 (L)
NH, EtOH <

A very useful modification of this procedur&kea advantage of the

reaction of an o-nitroaryl halide with a mixture sbdium hydrogen

sulfide and carbon disulfif.

X
CS, N\
> >—SH
NO, NaSH s

Reaction of o-amino thiophenol with thiophosgen:

The synthesis of 2-Mercaptobenzothiazoledagtion of thiophosgen
with o-aminophenol is of interest in connectiorthwthe independent
existence of the two tautomeric form of the 2-Metobenzothiazolé¥).

Miscellaneous methods:




INERODUCTION i

2-Mercaptobenzothiazoles are produced from N-
aryldithiocarbamates, arylisothiocyanate and N,phdnylthioureas

when these compounds heated with sfffur

(CGHSNHCS 2)221’1 \

N
CH,NCS -5 . @ S—sH
s
CH NHCSNHC (H; %

Scheme(1-4) Type of 2-Mercaptobenzothiazole prodiuce
1-4-3 Thiazole metal complexes:-

Many scientists studied the coordinatibehavior of thiazole and its
derivatives with a number of transiton metal {6H9.

Thiazole group contains two possible bondiogations (nitrogen |,
sulfur) .

After locating amine group at carbon 2other bonding location
appears because of the similarity between thegan base and
substituted nitrogen amine.

It has been found that most of metal itmo&ind with nitrogen
atom®? and when using soft atom like Au ,Cu it will teto bound with
sulfur rather than nitrogen with bidentate and thehavior with hard soft
acid base (HSABY*®. Formation of number of metal complexes for ligan
2-aminothiazol has been studied with transition ainébn in aqueous
solution and those metals are Cu(ll),Cd(ll),Mn@@d(11), Ni(ll) and has
been suggested the connection with ions will dependthe nitrogen atom

in thiazole ring except Cupper ion which it may seaot with sulfur atoi” .
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It has also been found that 2-amhiazol suffer from
rearrangement within the ring depending on pH4smbuwhen it coordinates
with Pt(l1) and Pd(11Y*?.

For the important of thiazole coeygls and in order to know if
this ring is working as a monodentate or bidenligeand when adding Ni
group in position 2 for benzothiazole molecule.tAdy has been made on
the Fe (lll) complex with 2-aminobenzothiazole ggsidifferent spectral
methods, and it has been noted that the ligandveed® a monodentate and
also as a bridge group in polymer composition tghothe two sulfur and
nitrogen ring atont®).

A study and preparation has also been madéie ligand with other
transition elements included Zn(Il), Cd(ll), Hg{}, Sb(1vV) and Sn(1i”,
Cu(l), Ag()*®.

Fitting the connection of ligand with ¢enion by nitrogen ring . In a
study made at the year 1980 which included ghieparation of radium (1)
complex with benzothiazole, It has been notedit@tradium ion bond with
benzothiazole through the

(t) bond of the NCS group or the one distributed be bverall
molecules. It has also been found that the prepacenplexes own a
catalyze properties in speeding up the polyratiom of acetone to

alkohldiacetone and Mesityl oxide and benzaldyfpidigmerizatioff.
(1-5) Hydrazones:

Hydrazones are compounds derived from thedeasation of
Hydrazine or its derivatives with carbonyl composijdamely aldehydes
or ketones (scheme(1-5))
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=
NH ( NH
R/ \NHZ * R R \N/\ + H0

Ry

R=aliphatic, aromatic or heterocyclic unit, etc

scheme(1-5) Preparation of Hydnes

Hydrozone compounds obtained by the reactibraromatic and
heterocyclic hydrazides with mono and di aldehydesketones have
revealed very versatile behavior in the coordorativith the metal
ions ®? Many researches have synthesized a number of ndvatones
because of their easy of synth&8isHydrazones are known to function
as chelating agents .

These compounds can display antitubercularceff&*”, based on
their tendency to form chelates with transition aheins.

The reaction of araylhydrazones derivativeth wiansition metal ions
can proceed according to the following two path svajtaining the

ketonic or enolic structure for the hydrazide drthe molecule.

Enolic

Fig(1-3) Ketonic or enolic struats of hydrazides

The mode of bonding depends on thereadf both the ligand
and metal ions, the anion of the metal salt and sleent used.
Furthermore, some hydrazones are used as quaitainalytical
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reagents, especially in colorimetric and fluorineetdetermination of
metal ions.

The coordination chemistry of hydrazones nsimtensive area of
study and numerous transition metal complex of@¢Higmnds have been
investigated.

L.M. Balanco and B.l. Kharis¥* synthesized a new ligand
system, salicylhnydrazone of 2-(N-tosylamino)benebidle, and they
explain that the interaction of this ligand witremlental cobalt, copper
and zinc leads to the chelates;[M, (M=Co,Cu) or [Zn(LH)}. The
structures of these complexes were deduced frortreigeopic analysis

and magneto chemical data

M1,M2,M3= Co or Cu
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Fig(1-4) Complexes of ligand 2-(N-tosylaminezaldehyde

Other researcH&*¥ have synthesized three novel vic— dioxim
compounds and their transition metal complexessehkgands are
antiglyoxim ethyl hydrazin (GE) , anti —2-pyridine aldehyde glyoxime
hydrazone (PYGE and anti 2-furancarboxaldehydyoxim hydrazone
(FGH,). Mononuclear complexes of these ligands with @aamdigands
ration of 1:2 they prepared with Ni(ll), Co(ll) isn and they determined
the structure of the ligands and complexes by H-NMR spectroscopy

and elemental analytical techniques.
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Scheme (1-7)Complexes of dioxim compounds
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(1-6) Aim of the work:-

The coordination chemistry of hydrazonesars intensive area of
study and numerous transition metal complexes e$dhligands have
been investigated, which stemmed from the intaretite biological and

pharmacological properties of these hydrazones.

It is also known that mono and bis-hydrazonesd fwide
applications in medicine as active physiologic@garations, due to their
antibacterial, tuberculostatic, fungicdal propexti@s well as activities
against certain types of cancers and microorgamisfurthermore
benzothiazole and its derivatives constitute an ontgmt class of
compounds having a wide spectrum of biologicalvitgti In view of the
above facts. It was planned to synthesize 2-(aygrdzones) benzo-
thiazole having the following structural formuladaio carry out available
analyses such as IR, UV Visible , Atomic absorptma conductivity to
suggest possible structure for the metal compleXesiydrazones with
Iron(lIl), Cobalt(ll) and Manganese(ll).

Al

N
\>—N{|
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[Ligl]

[Lig2]

[Lig3]

Where Ar=

[Lig4]

[Lig5]

[Ligb
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(2-1)Chemicals and techniques:

1- Chemicals:

All the chemicals used in this work were of highpatity available and

supplied without further purification. The followgrTable (2-1) shows the

reagents and the companies which supply them.

Table (2-1) chemicals used in experimental part

Compounds Structure M.wt. | Purity | Supplied
company
Acetone CH;COCH; 58 99% Fluka
Cobalt Nitrate Tetrahydrate Co (NGy),.4H,0 255 99% Fluka
tetrahydrate
Ferric sulfate dihydrate dihydrat Fe(SOy)s; .2H,0 436 99% Fluka
Manganese AcetateTetrahydra] Mn(CH;COOH),.4H,0O 183 98% BHD
tetrahydrate
Absolute Ethanol CH;CH,OH 46 99% Fluka
Hydrazine hydrate N>H,4. 2H,0 68 95% Fluka
2-Mercaptobenzothiazole C/H:sNS, 167 98% Fluka
4-Dimethyl aminobenzaldehydg N(CH3)CsH,COH 149 98% Fluka
3-Nitrobenzaldehyde NO,CsH,COH 151 99% Fluka
Anisaldehyde CH;OC;H,COH 136 99% Fluka
Benzaldehyde CeHsCOH 106 99% BDH
P-Bromobenzaldehyde BrCsH,COH 212 98% Fluka
2,4-Dihydroxybenzaldehyde CsH3(OH),COH 138 98% BDH
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2- Techniques:
A) Infrared spectrophotometer:

Infrared spectra were recorded on F.T.IR-8300 iéoufFransform
Infrared SpectrophotometeBHl MADZU) as potassium bromide disc in
the (4000-400) cih spectral range, In the Central Agency for Metrglog
and Quality Control.

B) Electronic absorption spectra:

The electronic spectra of the complexes were pbéthiusing
SHIMADZU UV-Vis 1650A Ultra-Violet Spectrophotometer at mo
temperature using quartz cells of 1.0 cm length asthg ethanol or
DMSO as solvent, in the range of wave length (2006} nm.

C) Magnetic susceptibility measurement:

The magnetic susceptibility values for the pregaremplexes were
obtained at room temperature using (Magnetic Susxkiy Balance), of
Johnson Mattey catalytic system division, England.

D) Metal analysis:

The metals content of the complexes was measuwsed) @tomic
absorption technique by PERKIN-ELMER-5000 Atomic s@bpption
Spectrophotometer for the determination of (Fe, \Ja).

E) Conductivity measurements:

The molar conductivity measurements were obtausdg corning
conductivity 220.

F) Melting point instrument:

Gallenkamp M.F.B 600.01 of melting point apparates used to
measure the melting points of all the prepared aamgs.



EXPERIMENTAL PART AR

(2-2) Methods of Preparation

1- Preparation of Ligands
A- Preparation of 2-hydrazino benzothiazole [2] from
2- mer captobenzothiazole [1]

To solution of (0.1mol,16.7gm) 2-mercaptobenzatbia in
ethanol (99%), hydrazin hydrate (99%, 0.1 mole ¥ wdded and the
mixture was refluxed for (6-hours).

The exess of solvent and hydrazin hydratetivas distilled off , the
resulting solid separated out on cooling, filteegul recrstallized from
ethanol .

B- Preparation of 2-(aryl hydrazone )benzothiazole [Ligl-Lig6] [2]

Solution of 2-hydrazinobenzothiazole (0.01mol,11®%gn ethanol
(99%)(15-20 ) ml and appropriate aldehyde (0.0lematas added and
the mixture was refluxed on —water bath for (5 hpur

The solid was isolated and recrystallize frethanol to give the

corresponding product .

abs
SH +HN—NH, —>

Scheme (2-1) Preparation of 2-(arylhydrozone) bémanole
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Ar is the aldehyde that used in last additidreir structures are as

follow:

Ligl: Benzaldehyde CsHsCOH

Lig2: Anisaldehyde CH;OCsH,COH
Lig3: 3-Nitrobenzaldehyde MEHL,COH
Lig4: 2,4-Dihydroxybenzaldehyde (QByH;COH
Lig5: 4-Dimethyl aminobenzaldehyde (JNICsH,COH
Lig6: P-Bromobenzaldehyde BACCOH

2-Preparation of the new complexes:
1. Complexesof Ligl:
A) Fe (l11) complex (LiglFe):

(0.51g, 2mmol) of (Ligl) was dissolved in (15 ral)solute ethanol
and mixed with (0.436g, 1mmol) of the (Ferric stdfadihydrate) that
dissolved in (5 ml) absolute ethanol, the mixturent was refluxed for (1
hour), the resulting precipitate was filtered andshed with absolute
ethanol and dried under reduced pressure, the n@eépesomplex was
soluble in (DMSO) and partially soluble in warm alse ethanol, melting
point, colour and yield (%) are given in Table (3-3
B) Co (I1) complex (Lig1lCo):

(0.51g, 2mmol) of (Ligl) was dissolved in (15 ral)solute ethanol
and mixed with (0.255g, 1mmol) of the (Cobalt Ni&rd etrahydrate) that
dissolved in (5 ml) absolute ethanol, the mixturent was refluxed for (1
hour), the resulting precipitate was filtered andshed with absolute

ethanol and dried under reduced pressure, the m@eépesomplex was
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soluble in (DMSO) and partially soluble in warm alsge ethanol, melting
point, colour and yield (%) are given in Table (3-4
C) Mn (I1) complex (LiglMn):

(0.51g, 2mmol) of (Ligl) was dissolved in (15 ral)solute ethanol
and mixed with (0.184g, 1mmol) of the (ManganesetAteTetrahydrate)
that dissolved in (5 ml) absolute ethanol, the onetthen was refluxed for
(1 hour), the resulting precipitate was filteredlamashed with absolute
ethanol and dried under reduced pressure, the n@@psomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting
point, colour and yield (%) are given in Table (3-5
2. Complexesof Lig2:

A) Fe(l11) complex (Lig2Fe):

(0.57g, 2mmol) of (Lig2) was dissolved in (15 ral)solute ethanol
and mixed with (0.436g, 1mmol) of the (Ferric stdfadihydrate) that
dissolved in (5 ml) absolute ethanol, the mixtunent was refluxed for
(1hour), the resulting precipitate was filtered amashed with absolute
ethanol and dried under reduced pressure, the q@@psomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting
point, colour and yield (%) are given in Table (3-3
B) Co (I1) complex (Lig2Co):

(0.57g, 2mmol) of (Lig2) was dissolved in (15 ral)solute ethanol
and mixed with (0.255g, 1mmol) of the (Cobalt Ni&rd etrahydrate) that
dissolved in (5 ml) absolute ethanol, the mixturent was refluxed for (1
hour), the resulting precipitate was filtered andshed with absolute
ethanol and dried under reduced pressure, the q@@psomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting
point, colour and yield (%) are given in Table (3-4



EXPERIMENTAL PART vy

C) Mn (I1) complex (Lig2Mn):

(0.57g, 2mmol) of (Lig2) was dissolved in (15 ral)solute ethanol
and mixed with (0.183g, 1mmol) of the (ManganesetAteTetrahydrate)
that dissolved in (5 ml) absolute ethanol, the omtthen was refluxed for
(1 hour), the resulting precipitate was filtereddamashed with absolute
ethanol and dried under reduced pressure, the q@@psomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting
point, colour and yield (%) are given in Table (3-5
3. Complexesof Lig3:

A) Fe(l11) complex (Lig3Fe):

(0.60g, 2mmol) of (Lig3) was dissolved in (15 ral)solute ethanol
and mixed with (0.436g, 1mmol) of the (Ferric stdfadihydrate) that
dissolved in (5 ml) absolute ethanol, the mixtunent was refluxed for
(1hour), the resulting precipitate was filtered amashed with absolute
ethanol and dried under reduced pressure, the n@eépesomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting
point, colour and yield (%) are given in Table (3-3
B) Co (I1) complex (Lig3Co):

(0.60g, 2mmol) of (Lig3) was dissolved in (15 ral)solute ethanol
and mixed with (0.255g, 1mmol) of the (Cobalt Ni&rd etrahydrate) that
dissolved in (5 ml) absolute ethanol, the mixturent was refluxed for (1
hour), the resulting precipitate was filtered andshed with absolute
ethanol and dried under reduced pressure, the n@@psomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting

point, colour and yield (%) are given in Table (3-4
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C) Mn (I1) complex (Lig3Mn):

(0.60g, 2mmol) of (Lig3) was dissolved in (15 ral)solute ethanol
and mixed with (0.183g, 1mmol) of the (ManganesetAteTetrahydrate)
that dissolved in (5 ml) absolute ethanol, the omtthen was refluxed for
(1 hour), the resulting precipitate was filtereddamashed with absolute
ethanol and dried under reduced pressure, the n@@psomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting
point, colour and yield (%) are given in Table (3-5
4. Complexes of Lig4:

A) Fe(l11) complex (LigdFe):

(0.57g, 2mmol) of (Lig4) was dissolved in (15 ral)solute ethanol
and mixed with (0.436g, 1mmol) of the (Ferric stdfadihydrate) that
dissolved in (5 ml) absolute ethanol, the mixtunent was refluxed for
(1hour), the resulting precipitate was filtered amashed with absolute
ethanol and dried under reduced pressure, the n@eépesomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting
point, colour and yield (%) are given in Table (3-3
B) Co (I1) complex (Lig4Co):

(0.57g, 2mmol) of (Lig4) was dissolved in (15 ral)solute ethanol
and mixed with (0.255g, 1mmol) of the (Cobalt Ni&rd etrahydrate) that
dissolved in (5 ml) absolute ethanol, the mixturent was refluxed for (1
hour), the resulting precipitate was filtered andshed with absolute
ethanol and dried under reduced pressure, the n@@psomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting

point, colour and yield (%) are given in Table (3-4
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C) Mn (I1) complex (LigdMn):

(0.57g, mmol) of (Lig4) was dissolved in (15 mBsalute ethanol
and mixed with (0.183g, 1mmol) of the (ManganesetAteTetrahydrate)
that dissolved in (5 ml) absolute ethanol, the omtthen was refluxed for
(1 hour), the resulting precipitate was filteredlamashed with absolute
ethanol and dried under reduced pressure, the n@@psomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting
point, colour and yield (%) are given in Table (3-5
5. Complexes of Lig5:

A) Fe(l11) complex (Lig5Fe):

(0.592g, 2mmol) of (Lig5) was dissolved in (15 mbsolute ethanol
and mixed with (0.436g, 1mmol) of the (Ferric stdfadihydrate) that
dissolved in (5 ml) absolute ethanol, the mixtunent was refluxed for
(1hour), the resulting precipitate was filtered amashed with absolute
ethanol and dried under reduced pressure, the n@epesomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting
point, colour and yield (%) are given in Table (3-3
B) Co (I1) complex (Lig5Co):

(0.592g, 2mmol) of (Lig5) was dissolved in (15 mbsolute ethanol
and mixed with (0.255g, 1mmol) of the (Cobalt Nie&rd etrahydrate) that
dissolved in (5 ml) absolute ethanol, the mixturent was refluxed for (1
hour), the resulting precipitate was filtered andshed with absolute
ethanol and dried under reduced pressure, the n@@épsomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting

point, colour and yield (%) are given in Table (3-4
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6. Complexes of Lig6:
A) Fe(l11) complex (Lig6Fe):

(0.719g, 2mmol) of (Lig6) was dissolved in (15 mbsolute ethanol
and mixed with (0.436g, 1mmol) of the (Ferric stdfadihydrate) that
dissolved in (5 ml) absolute ethanol, the mixtunent was refluxed for
(1hour), the resulting precipitate was filtered amashed with absolute
ethanol and dried under reduced pressure, the n@eépesomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting

point, colour and yield (%) are given in Table (3-3

B) Co (I1) complex (Lig6Co):

(0.719g, 2mmol) of (Lig6) was dissolved in (15 mbsolute ethanol
and mixed with (0.255g, 1mmol) of the (Cobalt Ni&rd etrahydrate) that
dissolved in (5 ml) absolute ethanol, the mixturent was refluxed for (1
hour), the resulting precipitate was filtered andshed with absolute
ethanol and dried under reduced pressure, the n@epesomplex was
soluble in (DMSO) and partially soluble in warm alsge ethanol, melting

point, colour and yield (%) are given in Table (3-4
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(3-1) Synthesis and characterization of 2-(aryl hydrazone)-

benzothiazole ligand [Ligl-Lig6]:

2-hydrazinobenzothiazoleconipound[2], scheme(2-1)) was
synthesized from the reaction of 2-Mercaptobenzathlie (compound[1],
scheme(2-1), fig(3-1)) with excess of hydrazinerhyel as it was stated in
the experimental part, the authenticity of the picidvas confirmed by its
melting point (210°C), the IR-spectrum of this camapd, Fig(3-2),
showed stretching bands at (3452, 3315and 312&)wdssigned to the
asymmetrical and symmetrical stretching bands ofjJNand (NH)
groups, more over this compound exhibited significhands in the
regions at (3057, 1647 and 754) which belong ©-H aromatic, C=N
and C-S bending of o-substituted benzene ringeas/ely. That clearly
indicated the presence of benzothiazole nucleus.
Reaction of 2-hydrazinobenzothiazole withp@priate aromatic
aldehydes afforded the addition — dehydration gainas [Ligl-Lig6]
ligands normally, 2-(arylhydrozone) benzothiazdew on Scheme (2-

1). Their melting points and FT-IR spectral anaysere carried out.



RESULTS AND DISCUSSION

YA

Table (3-1): The melting point and yield perceeté&f of compounds

[Ligl...Lig6]

Comp.no Colour Ar M.P,°C Yield%
[Ligl] Faint-Yellow ©/ 232-235 84%
[Lig2] Whitish-Brown Q/ 201-205 92%
[Lig3] Greenish-Yellow Q/ 260-265 97%

,\E
[Lig4] Yellowish- Brown : ) 263-267 91%
[Lig5] Yellow ©/ 243-248 90%
H3CF:C/N
[Lig6] 273-276 95%

The FT-IR spectra of (LiglLig6), Figs(3-3)...(3-8) displayed the
disappearance of the bands at (3452 and 3315) due to (NH)
stretching in the compound [2], while a strong bapgpeared at about
(1620 cnt' ) assigned to azomethine linkage C =N. Besideythieal IR-
bands, each of the examined ligands showed otmelsbeharacteristic of

its own structure.

The colures of the ligands might be related to rthéV-Visible

absorptions as indicated in Fig. (3-44) to Fig48)- The absorption of

the ligands are at 350nm and 300nm where a strodgreedium spectra

were recorded.
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The faint yellow color of these ligands may be tedlato absorption

of the blue end of the visible region by the tditlee ultra bands of the

ligands that showed a maximum at 350nm. The triansdf their band

could be related to a transition from nonbondirigjtats tox -orbitals of

the unsaturated organic compounds.

In addition there bands were also observed whermplEx®ad with the
transition metals (P& Cd™* and MrfY)as shown in Fig (3-) to Fig (3-).

However their energies where found to be effectedicating an

interaction of these ligands with transition metason.
Table (3-2) : FT-IR spectral data (in ¢mKBr disc) of the ligands

1

[Ligl-Lig6] :-
Comp.no Arom. CH |G N Other bands cm’*
stretch. | stretch.
Arom.
[Lig1] ©/ 3080 1627
[Lig2] 3075 1620 C-H stretclof CHsat
GO 2953 and C-O-C stretch
° at 1251 crit
[Lig3] Q/ 3083 1623 | The N@group appeare &
Ny 1350 cnt
[Lig4] 3097 1620 | O-H stretckat 3347 crit
/©i being broad due to
" > hydrogen bond
[Lig5] ©/ 3076 1621 | C-H stretch. at 2931,28
cm’
HaC—
[Lig6] 3081 | 1625 C-Br at ( 783) cit

/
H3C
Br
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(3-2) Physical properties of the prepared complexes:-
Tables (3-3), (3-4) and (3-5) show the phgisttata, yield percentage
and metal content of the prepared complexes, wikinbw different

melting points , all of them have melting pointginer than the parent

ligands, the colors which are shown in tables weseful in structural

determination.

All reactions were carried out under heatingdibons and the solvent

was absolute ethanol. The recrystallization solweat ethanol/water

mixture ratio (1:1) for all reactions. Identificati and study of these

complexes were carried out by metal analysis [d®ilts are shown in

table

(3-3), (3-4) and

(8)]. Infrared

and

Ultra-Visible

spectrophotometer, magnetic susceptibility and tetecconductivity

measurements.

According to these measurements the chemicahuia of the

prepared complexes has been suggested as givanlen8-10).
Table(3-3)physical properties, yield % metal cohtdthe Fe complexes

symbol Colors Melting point, | Yield% Metal analysis %
< Calc Found
FelLigl Pale -Yellow 280-283 83 5.76 5.54
FelLig2 Brown 260-263 86 9.9 10.31
FeLig3 Greenish-Yellow 291-293 78 6.17 6.14
FelLig4 Blackish- Brown 270-275 92 5.0 5.0
FelLig5 Brownish-Yellow 297-301 76 10.03 9.72
FelLig6 Yellowish-White 340-343 84 5.03 5.07

*Been relying on the proportion of metal inside tbemplex and
assuming the form of complex molecular weight isnowensurate with
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the molecular weight of which got it through a measent by Atomic
Absorption Spectrophotometer.

Table(3-4)physical properties, yield % metal cohtdrthe Co complexes

symbol Colors Melting point,| Yield% Metal analysis %
°C Calc found
ColLigl Pale -yellow 290-293 73 10.7 10.8
Colig2 Pale - Brown 250-252 80 10.45 10.9
ColLig3 Greenish-Yellow 310-313 82 9.0 8.9
CoLig4 Greenish-Brown 260-263 98 6.93 6.9
ColLig5 Brownish-Yellow 298-300 70 4.66 4.6
ColLig6 Yellowish-White > 350 85 9.0 9.1

*Been relying on the proportion of metal inside tbemplex and
assuming the form of complex molecular weight isnowensurate with
the molecular weight of which got it through a measent by Atomic
Absorption Spectrophotometer.

Table(3-5)physical properties, yield % metal cohtdrthe Mn

complexes
symbol Colors Melting point, | Yield% Metal analysis %
°C Calc found
MnLigl Pale -yellow 287-291 78 4.00 3.6
MnLig2 Pale - Brown 245-249 84 5.22 5.24
MnLig3 Greenish-Yellow 311-315 92 4.52 4.5
MnLig4 Deep-Brown 266-270 85 6.3 6.15
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*Been relying on the proportion of metal inside tbemplex and
assuming the form of complex molecular weight isnotensurate with
the molecular weight of which got it through a measent by Atomic

Absorption Spectrophotometer
(3-3) Infra-red spectra of the prepared complexes:

The IR spectra were taken for the prepaocedptexes and compared
with those of their respective ligands. The measerds were carried out
for each compound in the solid state as KBr dis¢hm range
(4000-400) cr.

3-3-1 The FT.IR spectra of Ligl and its complexes:-

The ligand Ligl has the azomethine groupgémeral azomethine
group (-C=N-) absorption occur at (1690, 1470)'ctepending on the
nature of groups linked to {&4°)

The compound containing azomethine group shbasic behavior
towards metal ion and coordinated via the nitrogggiom , this
coordination shifts the stretching frequency ofC{N-) group either
toward higher frequency in some complé$&s or toward lower
frequency in othef&49.

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 palgsson account of the
coordination of the azomethine nitrogen to meta{*fd The decrease in

frequency indicates a decrease in stretching fooomstant of
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(-C=N-) group as a consequence of the coordindtioough azomethine
nitrogen.

The double bond character between carbod aitrogen is
reduced® *)

The FT.IR. spectrum of the ligand Ligl ,Fig38 Table(3-2), show
the absence of the band at ~1735%cm(N-H) stretching vibratiofi? |,
and a strong new band appeared at 1627 amssigned to azomethine
v (HC=N)linkage, showing that the amino and aldehydgeties of the
starting material are absent and have been convierte the azomethine
group®.

The bands appeared at 1577and 1489 cnrefer tov (C=C) of
aromatic ring, and the band at 2886 and 2829 oefer tov (C-H) of
aliphatic®?.

A-lron (I11) Complex Ligl Fe

The spectrum ¢Fe,(Ligl),(OH)2(H,0),] (SO,4).. 3H,O complex, Fig
(3-9), Table (3-6) which shows the shifting of tomethine band to a
lower frequency by (10)ciindicating the participation of azomethine
nitrogen in the interaction with ferric ion.

Further conclusive evidence for the coordorabf the ligand with
the studied metal ion was shown by the appearahcew weak low
frequency band at (594) ¢hwas assigned to (Fe-N¥>°.

The broad band found at (3380) trefers to the presence of water

molecules out of the coordination sph8fée
B- cobalt (I1) Complex Ligl Co

The spectrum diCo(Ligl)(NO3)(H,0),] NO3.4H,O complex, Fig(3-
10), Table (3-6) showed that the stretching fregyeof (C=N) group
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was shifted to lower frequency by (12) tnand appeared at (1615) ¢m

The stretching frequency of (C-H) aliphaticogp was shifted to
lower frequency and appeared at (2966-2898) cm

The new band which was only observable indpectrum of the
complex, appeared at (590) ¢rand refers to the (Co-N)©°.

These observations indicate the coordinatib@o(ll) ion with the

azomethine nitrogen's.

C- Manganese (I1) Complex Ligl Mn

The spectrum of [M(Ligl1),(OH),(H,O)4(OH),.10EtOH complex,
Fig(3-11), Table (3-6) showed that the stretchirgguency of (C=N)
group was shifted to lower frequency by (8)crand appeared at (1619)
cm’ .

The stretching frequency of (C-H) aliphaticogp was shifted to
higher frequency and appeared at (2966-2889) cm

The new band which was only observable in gpectrum of the

complex, appeared at (597) ¢rand refers to the (Mn-N)®°.

3-3-2 FT.IR. Spectra of Lig2 and their metal complexes

The FT.IR. spectrum of Ligghow the same behavior as those of
LY, L? Fig (3-4), which contain the same group (azometigiroup) which
interact the metal through azomethine —nitrogdre &zomethine group
band appeared at (1620) ¢mthe band at (1251) chmrefer to
thev (C-O) stretching vibratidr®>”. The band appeared at (2953, 2833)
cm® refers to the (C-H) band for aliphati€®.
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Thebands which appeared at (1577,1512,1429F oefer to the
v (C=C) of the aromatic ring , and the band at J7&5" refer to the
v (C_S)(26,37,56,58)

The interact with metal ion through botlitrggen of the ring and
azomethine —nitrogen), thus this ligand act chegpligand (bidentate).

A-lron (I111) Complex Lig2 Fe

On comparison of the Iron (1) complex (Eg2)(H,0)(SQy)].SO,
spectrum, Fig (3-12), Table(3-6), with that of tifree ligand, the
following changes were observed, first, a shiftofg v (C=N) band to
higher frequency by (17) c¢hand appeared at (1637) ¢mwhich
indicate the participation of nitrogen in the caaedion of the complex
(55).

Also the bands at (2933,2854) twhich corresponding to (C-H)
of the aliphatic was shifted to a higher frequebgy(19) cni. A weak
band appeared at (593) ¢mefers to the (Fe-N)>°.

A broad band appeared at (3529)' émthe spectrum of complex

indicating the presence of water molecules in cempl

B- Cobalt (I1) Complex Lig2 Co

The FT.IR. spectrum ofCo (Lig2) (NG) (H>O),](NO3).2H,O
complex, .Fig (3-13), shows the shifting of azdmet band to lower
frequency and appeared at (1610)"anhich indicate the participation of
azomethine —nitrogen with Co(ll) atom since th€C-O) band in the
spectrum of complex show difference and appearét&3) cnit, which
indicates that it is not participate in coordinatigith cobalt ion .

The band a#(C-H) aliphatic was shifted to appeared at (2923518
cm™.The band at (586) cfrcan be assignad(Co-N)©®,
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C- Manganese (I11) Complex Lig2 Mn

The FT.IR. spectrum of [Mn(LigZH.0),](OH),.6EtOH complex,
Fig (3-14), showed that the stretching frequency(@£N) group was
shifted to higher frequency by (16) ¢mand appeared at (1636) tm
Which indicate the participation of azomethine ragen with Mn(ll)
atom since the (C-O) band in the spectrum of complex show diffiere
and appeared at (1298) ¢mwhich indicates that its not participate in
coordination with manganese ion .

The band a#(C-H) aliphatic was shifted to appeared at (2908518
cmt.The band at (553) chrcan be assignad(Mn-N) ©°).

3-3-3 The FT.IR spectra of Lig3 and its metal complexes

The FT.IRspectrum of Lig4 is in Fig(3-5), Tables (3-6), (B-2
The comparison of FT.IRspectra of Lig3and its metal complexes
indicated that the ligand is principally coorde@tto the metal ion
through both, the azomethine-nitrogen and theogén of the ring, thus
acting as a bidentate ligand.

The azomethine absorption band appeargd623) crif, the
band appeared at (1531) ¢nrefer to thev (C=C) of the aromatic ring
stretching vibratiofi*>”.The band at (3083) chrefers to the v
(C-H) aromatic, the bands appeared at (2933,2861)refer to they (C-
H) of aliphatic®®. The band appeared at (1350) crafer to they (NO,)
group®.

Finally, the band appeared in (734)"'cmefer to the (C-
S)(26’37'56'58band.
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A-lron (I11) Complex Lig3 Fe
The FT.IR spectrum of [Fe(LigBH,0),], (SOy)s. 5SH,O complex is

shown in Fig(3-15), the frequency of (C=N) absapti was shifted to
higher frequency by (10) Chn and appeared at (1633)tm The band
for thev (C-H) aliphatic was shifted to lower frequency (i) cni' and

appeared at (2922) Cm .The band appeared at (595) tmcan be
assigned tov (Fe-N}*®. The bands referring to the (MQgroup were
appeared at (1350) ¢mA broad band appeared at 3440'@nd another

one at 675 crh refer to the lattice water molecules respectiVefy.

B- Cobalt (I1) Complex Lig3 Co

The FT.IR spectrum ofCo(Lig3)(NOs)(H,0),](NO3) complex is
shown in Fig (3-16). The frequency of (C=N) is ageel at (1629) cth
Thev (C-H) aliphatic band was shifted to higher frequeand appeared
at (2964-2879) cih The (NQ) band appeared at (1350, 1272)'tm
(26,37,56,58.)

Further contusive evidence of the coordoratf the ligand was the
band of metal ion which appeared at (558)*crmassigned t@ (Co-N)
vibratiort®®,

C- Manganese (I11) Complex Lig3 Mn

The FT.IR spectrum of [M(ig3),(OH),(H,O)4(OH),.3EtOH
complex is shown in Fig (3-17). The frequency ofK0 is appeared at
(1631) cnt. The (NQ) band appeared at (,1350,1272)h*%3 1)

Thebands which appeared at (1577,1527,1427) gzfer to the v
(C=C) of the aromatic ring, The (C-H) aliphatic band was appeared
at (2902) cril. The band appeared at (551) tmcan be assigned to
(Mn-N)®>.
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3-3-4 The FT-IR spectra of Lig4 and their metal complexes

The FT.IRspectrum of Ligghown in Fig (3-6). This ligand contain
azomethine group, stretching appeared at frequébgg0) cni. This
ligand act as a bidentate ligand, (the ligandrdimated to metal ion
through both nitrogen.

The broad band at (3347) tmas assigned to the(O-H)®¥, which
was appeared at the same position in ligand anglesnmean that no
coordination with the metal icR®. The band which appeared at (1552)
cm? refers too (C=N) of the aromatic ring, and the band at (309%*
refers to they (C-H) of benzene and the band at (2963-2817j amfer
to thev (C-H) aliphatic®®.

The band at (738) ¢hrefer to the (C-S) vibration band and the band
at (1367) crit refers to the (C-O) band vibration.

A-lron (I11) Complex Lig4 Fe

The spectrum of complex [Fe(Ligd),0),].(SOy)s.6ELtOH |, Fig(3-
18), Table (3-6), show that the azomethine stietchand was shifted to
lower frequency and appeared at (1615) cand thev (C-O) vibration
was shifted to lower frequency and appeared284)Lcn'.

The broad band at (3346) tmas assigned to the(O-H)*¥, The
weak band which appeared at (583)'cmefers to the (Fe-N) band>®.
The v(C-H) aliphatic was shifted to lower frequency whigappeared at
(2936) cnf.

Another bands were appeared at (3476} cand (632) c
referring to the presence of both coordination katisce HO molecules

respectively
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B- Cobalt (I11) Complex Lig4 Co

On comparison of the cobalt (Il) complexo{Cig4),(H,O),]
(NOz3),.EtOH spectrum Fig (3-19), Table (3-6), with thdt ¢he free
ligand, the following changes was observed: fits¢,v (C=N) band was
shifted to a lower frequency by (6) énand appeared at (1614) tm
and second the shifting of thgC-H) to a higher frequency.

The v (C-O) band was also shifted to a higher frequertgy(13)
cm® and appeared at (1380) tmthe v (O-H) band was appeared at
(3349) cnf.

A new weak band was appeared at (539) ceferring to the
v (Co-N) vibration ©°.

Finally a new band appeared at (3754)indicating the presence
of ethanol molecules in the structure of the comyple

C- Manganese (I1) Complex Ligd Mn

On comparison of the manganese(ll) comphMr(Lig4).(H,O),]
(OH),.3EtOH spectrum Fig(3-20), Table (3-6), with tladtthe free
ligand, the following changes were observed: fitg¢,y (C=N) band was
shifted to a lower frequency by (12) ¢m

Thev (C-O) band was also shifted to a lower frequency®) cnmi’,
thev (O-H) band was appeared at (3347)'cm

A new weak band was appeared at (578) ceferring to the
v (Mn-N) vibration ©°.

3-3-5 The FT-IR spectra of Lig5 and their metal complexes

The FT.IRspectrum of Lig5 shows the same behavior pfAig (3-
7), which contain the same group (azomethine grdbp) is used to

characterize the spectra of the complexes.
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This ligand act as a bidentate, through buotiogen (azomethine —
nitrogen and ring nitrogen). The nitrogen ring bapgeared of (16213
57)

The band which appeared at (1575,1521) crafers tav (C=C) of
the aromatic rin§*, and the band at (3076) ¢mefers to the (C-H) of
aromatic, the band at (2931,2885) tmrefers to the (C-H) aliphatic
and the band at (748) &m refers to thev (C-S) and the band at (1232)

cm® refers tov (C-N)#37%9)

A-lron (I111) Complex Lig5 Fe

The spectrum of [Fe (Lig5){8),(SO,)], (SO complex, Fig (3-21),
Table (3-6), shows the shifting of azomethine bemidwer frequency by
(11) cm' indicating the participation of azomethine nitrog: the
interaction with iron(lll) ion.

Another difference appeared which was stinéing of thev (C-H)
aliphatic band to lower frequency and appeared(2816-2866) cri
regions.

A new band appeared at (594)'creferring to they (Fe-N) band
®% A broad band appeared at (3455)cindicating the presence of

water molecules out of the coordination sphere.

B- Cobalt (I1) Complex Lig5 Co

The molecular formula of Co (lI) compld€o,(Lig5),(NOs),
(H20)4](NO3),.9H,0 includes nine water molecules, two of them may be
coordinated to metal ion and the other six weresi®red to be lattice
water.

The presence of this large number of watelecules is expected

due to high tendency of Co(ll) to bind to wateroingh a strong bond
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which effected the FT.IRpectrum of the complex, so the band at (3095
and 651) cri refer to the presence of both coordination antic&at,0
molecules respectively.

The spectrum of Co(ll) ion, Fig(3-22), shothiev (C=N) band to be
shifted to lower frequency by (11) enindicating the interaction of metal
ion with the azomethine nitrogéti~")

The weak band appeared at (565)" crmefer to the (Co-N) band

frequency®®®)

3-3-6 The FT-IR spectra of Lig6 and their metal complexes

The FT.IR spectrum of&j fig(3-8), show the same behavior as
the other ligand, which contain the same groupreetbine group ) that
used to characterize the spectra of this complexes.

The azomethine group (C=N-) absorption was at (L6&5".
The bands appearing at (1577, 1458, 1396} cefiers to they (C=C)
aromatic ring, and the band at (3081) tmefers to thev (C-H) of
benzene, the band (2927-2893) trefers to the v (C-H) of aliphatic
ring ©.

The band appeared at (748)'amfers to the (C-S)©* %> ) The
band ofv (C-Br) appeared at (783) cifi”.
In comparison, the IR spectra of Lig6 atsl metal complexes
indicated that the ligand is principally coordirchtto the metal ion,
through both (azomethine —nitrogen, and the ritigpgen), thus acting as

a bidentate.

A-lron (I11) Complex Lig6 Fe
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The spectrum of the iron complex JiE&y6)(OH),(H,O)4]
(SOY),.2H,0, Fig (3-23), showed similar behavior with no much
difference compared to the ligand.

The FT.IR spectrum of azomethine band waftesl by (6) cr.
Thev (C-H) band was shifted to (2907-2866) tm new low band was
appeared in low frequency region at (592)'dmis was assigned to (Fe-
N) vibration©%3)

The broad band found at (3434)crefers to the presence of water
molecules out of the coordination sphere for compfé

Finally the band at (3434and 633)tnrefer to the presence both
coordination and lattice J® molecules respectively.

b- Cobalt (I11) Complex Lig6 Co

The spectrum of this complex [Co(Lig6)(B®.0),](NO3).2H,0,
Fig (3-24), Table (3-6), show the shifting of (C=N) band to lower
frequency by (7) cihindicating the participation of azomethine niteog
in the interaction with cobalt(ll) ion.

The band oé (C-H) of the aliphatic group shifted to lower fremqcy
and appeared at (2917-2879)tm

The presence of new weak band observed &) (58" was assigned
to v (Co-N)J®", the band found at (3321) cnmefers to the presence of

water molecules out of the coordination sphere-gD ©.
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Fig(3-3) FT-IR Spectra of Ligl
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Fig(3-4) FT-IR Spectra of Lig2
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Fig(3-7) FT-IR Spectra of Lig5
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Table (3-6) The most significant FT-IR bands ofgLi..Lig6] and their

metal complexes
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Symbol | v(C=N)[v(C-H) v(OH) [ v(M-N) [(NO,) [(C-O) | &(OH)
aliphatic bands
Ligl 1627 2886 - - - - -

2829
Ligl Fe 1617 2887 - 594 - - -
2831
Ligl Co | 1615 2966 - 590 - - -
2898
Ligl Mn | 1619 2966 - 597 - - -
2889
Lig2 1620 2953 - - - 1251 -
2833
Lig2 Fe | 1637 2933 - 593 - - -
2854
Lig2 Co | 1610 2921 - 586 - 1253 -
2835
Lig2 Mn | 1636 2900 - 553 - 1249 -
2835
Lig3 1623 2933 - - 1272 - -
2861 1350
1444
Lig3 Fe | 1633 2922 - 595 1350 - -
Lig3 Co | 1629 2964 - 558 1272 - -
2879 1350
1444
Lig3 Mn | 1631 2902 - 551 1272 - -
2846 1350

1444




RESULTS AND DISCUSSION

14

Continue table (3-6) The most significant FT-IR tsuof [Ligl...Lig6]

and their metal complexes

Symbol [v(C=N)| v(C-H) v(OH) | v(M-N) | (NOy) | (C-O) | 6(OH)
aliphatic bands
Ligd 1620 2963 3347 - - 1367 975
2817
Ligd Fe | 1615 2936 3346 583 - 1254 987
Ligd Co | 1614 2955 3349 539 - 1380 987
Ligd Mn | 1608 2966 3347 578 - 1358 99(
Lig5 1621 2931 - - - - -
2885
Ligb Fe | 1610 2916 - 594 - - -
2866
Lig5 Co | 1610 2887 - 565 - - -
Lig6 1625 2927 - - - - -
2893
Ligb Fe | 1619 2907 - 592 - - -
2866
Ligb Co | 1618 2917 - 595 - - -

2879
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(3-4) Magnetic Susceptibility Measurements:

Magnetic measurements are widely usedudystg transition metal
complexes. The paramagnatesim are due to the peessEnunpaired
electrons in the partially filled d-orbital in theuter shell of these
elements. These magnetic measurements give aaled the electronic
state of the metal ion in the complex.

Measuring the magnetic susceptibility cimtes to 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 electrdffd

The effective magnetic spin of the comptexeas measured 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 teguation were compared to
the actual values obtained through magnetic measnts, Table (3-7).
These values were corrected for diamagnetfects using the

following relationships:

LLeff =2.828 VX,.T
Xpa=Xy-D
Xv = Xg X M.wt
Where:
T = absolute temperature 298K
X = Atomic susceptibility
Xwm = molar susceptibility
Xq = Gram susceptibility
D = Correction factor.
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The experimental value of magnetic momenisually greater than
the calculated value of magnetic moment; the magmebments for the

prepared complexes are shown in the following table

Table (3-7): The magnetic moments of (Fe, Co, Majahcomplexes of
Ligl, Lig2, Lig3, Lig4, Lig5 and Lig6.

Complex Magnetic moment (B.M)
Ligl Fe 5.90
Ligl Co 3.58
Ligl Mn 5.19
Lig2 Fe 5.17
Lig2 Co 3.26
Lig2 Mn 5.92
Lig3 Fe 5.97
Lig3 Co 3.94
Lig3 Mn 5.67
Lig4 Fe 5.94
Lig4 Co 3.41
Lig4d Mn 5.02
Lig5 Fe 5.39
Lig5 Co 3.70
Lig6 Fe 5.77
Lig6 Co 3.25
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(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¥rdnd visible region and
near IR. Charge transfer spectra are due to transibetween metal and
ligand. Study of electronic spectra of complexdsp Imethe determination
of structure of the complexes through the electranteraction of the
metal d-orbital and ligand orbital. In our worketbpectra were recorded
in the range (200-1100) nm, using dimethyl sulpdex(DMSO) as a
solvent.

Conductivity measurements of the prepared coneglex the
appropriate solvent are used to decide whethemplex is electrolyte or
neutraf®®®® Table (3-8) shows the positions of the electraiisorption
bands and their transitions and also include tHeulzed values of
Racah parameter (B'), 10 Dg and nephelauxetic ifg@lo Table (3-9)
show the conductivity data for the prepared congdexat room
temperature and the suggested structure for eanbler, the structures
were suggested for the prepared complexes accortdinghe band
positions of the infra-red spectra, electronic apson bands, atomic
absorption, magnetic properties and electronic aotidty measured for

these complexes.
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3-5-1 Complexes of Ligl.:
A) Fe(l11) complex [Ligl Fe:

Mishra and Saff” studied the electronic spectra of
[Fe(L)py(OH)],, where L = 2-mercapto-5-phenyl-1,3,4-oxadiazold an
found that the spectrum could not be recorded dutstpoor solubility,
while the spectra of the solid complexes showedlban the range of
(19,230-18,182)cth in addition to a shoulder observed at (15,625-
15,151)crit . These bands were assigned to spin forbidden d-d
transitions . The higher energy ligand field bamase obscured by the
intense charge-transfer bands observed at 24,390Tmese assignments
are comparable to the other earlier report mad&éotll) complexes®®
the shoulder observed at 15,384 'crin the solid state spectra
disappeared in the solution spectra and a new barfil8,050-17,094)
cm® appeared. This shift , observed in the solufi@nmay be due to the
rearrangement in the first coordination sphere radotne metal ion , it
has been claimed that it was quite possible thdesb (DMSO)
molecules might be substituting either aquo obihigroup present in
the complexes . However the substitution of chign@up by DMSO was
discarded on the ground that conductance of theplnmeasured in the
same solvent did not lie in the range at leastlfdr electrolyte due to
setting of Clion in the solution . But in the complexes conitainH,O ,
the substitution of KD group by DMSO is possible as DMSO is a better
donor than water .

The UV-Vis spectrum of the present commpbowed one band in
the d-d transition region at 26,809 tmhich could be assigned g
— “T,g, also showed a shift in the energy af rof the ligand 1 (Ligl)
and appeared at (32,787 Ynwhichz-z band which supposed to shift to
higher energy was not observed due to limitationtref UV-Visible
instrument, Figure (3-46).
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The above complex and came in accordance to otladahle data
so an octahedral geometry was suggested to tha (&g complex’®.
The value of the measured magnetic moment for (EgJlis (5.90 B.M..
) in accordance with the presumption of high-spin €erric ion in
octahedral geomet".

Therefore, there results suggested the coordinatiadhe LiglFe
complex in an octahedral geometry, restricting ¢leitation of the n-
n and z-m of the ligand to high energy while maintaining thigh spin
conformation of the Hiron cation as also spin forbidden spectra was
observed at high energy. From Tanabe-Sugano diafgnadi octahedral
field Fig (3-26), the value of 10Dq equal to 26,80T".

LiglFe complex was considered have an ionic charizetion as
indicated by the high conductivity value measured donductivity
measurement as stated in table (3-8), table (8i8)efore the following

structure is suggested for the (Ligl Fe) complex :

(SOy),.3H,0

Figure (3-25) Structure of Ligl Fe complex



RESULTS AND DISCUSSION Ve

Fig. (3-26) Tanabe-Sugano diagram for tsystem for Fe (111)®
B) Co(ll) complex [Ligl Co:

Electronic spectrum of cobalt (II) complex usua$ififow three
transitions, but these transitions can not be assigasily because of the
greater overlapping of théffi”>"® Octahedral complexes of Co(ll) are
reported to show of two bands one in the 15,4080 cni" and the
other in the 20,000-20,800 megions’™.

The term symbol for the ground state of Co(ll) isfiF which can

split in octahedral crystal field as foll6Ww.

___________ — g @

P
*Ax0 (F)

“T,g (F)

V3

"T1g (F)
In the present work the two bands; appeatel,750 cr and the
other at 31,847 cihfigure (3-28) which were assigned to the transiio
v, andvs respectively.
The value ofv; was calculated using Tanabe-Sugano diagram for
d’ system, Figure (3-28), and found to be 8,364 evhich refers td'T.g
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(F) — “T,g (F) transition, 10 Dq value was also calculareanf diagram
and found to be 8,364 chreferring to a weak field state. The different
ligand field parameters have been calculated usiagame diagram, the
results are found in Table (3-8).

Octahedral cobalt (I) complex however, mnaim a large
contribution due t§Tg ground term and exhibifs. in the range (4.8-
5.6 B.M.)"® the magnetic measurement of the (Ligl Co) comjsex
5.42 B.M. shows the complex is paramagnetic ance liaxee unpaired
electrons indicating a high-spin octahedral confagyon.

Therefore, there results suggested the coordinatfoiime LiglCo
complex in an octahedral geometry, restricting ¢leitation of the n-
n and n-n of the ligand to high energy while maintaining thigh spin
conformation of the dcobalt cation as also spin forbidden spectra was
observed at high energy.

LiglCo complex was considered have an iamaracterization as
indicated by the high conductivity value measured donductivity
measurement as stated in table (3-8), table (B«@m these results an
octahedral geometry around Co(ll) ion can be suggess illustrated in

the following structure:

(NOj).4H,0

Figure (3-27) Structure of Ligl Co complex
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Fig (3-28): Tanabe-Sugano diagram of dsystem for Co(l1)®

C) Mn(11) complex [Ligl Mn]:

Mn(ll) considers to be a stable oxidation statecause it is half
filled (3d°) and consequently more stable. Thé) (ystem give one
essential symbol in the free iofiS] ,as well as many doublet and four
folded symbols, as shown in Figure (3-29), If aransition between the
crystal field to being spin-forbiddefS term give one symbdlA.g, in
the octahedral field therefore the electronic sj@eand the colors of ()i
lons were very weak (which unoccupied from chargandfer
observations).

In the (d) system the octahedral splitting equal to tetrafled
yellow and green colors but the O.h geometry am@radierize by the
pale pink or without colét""

The UV-Vis spectrum, fig. (3-47), of the preseotplex showed
three bands in the d-d transition region at 12,683, 25,907 crif and
32,573 crit and can be assigned to the following transitions:

(vi) Ag — *T.9(G) (12,953 cri)
(v2) °Aig — “T.g(G) (25,907 cr)
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(va) °Aig — “Eg*Alg(G) (32,573 cril)
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Figure (3-29): Tanabe-Sugano diagram for dsystem for Mn(Il) @
To above complex and came accordance to the atralable
data so an octahedral geometry was suggestedgb ] compleX®.
The value of the measured magnetic moment forlJL\dn] is
(5,19 B.M.) in accordance with the presumption ifhkspin @ Mn(ll)
ion in octahedral geometfy, table (3-7).
Therefore, there results suggested the coordinaticime LiglMn
complex in an octahedral geometry, restricting é¢leitation of the n-
n and 7-m of the ligand to high energy while maintaining thigh spin
conformation of the YiManganese cation as also spin forbidden spectra

was observed at high energy.
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LiglMn complex was considered have an ionic charaztion as
indicated by the high conductivity value measured donductivity
measurement as stated in table (3-8), table (3-9).

From these results an octahedral geometry arouni)Mon can be

suggested as illustrated in the following structure

(OH),.10EtOH

Figure (3-30) Structure of Ligl Mn complex
3-5-2 Complexesof Lig2:
A) Fe(l11) complex [Lig2 Fe]:

The electronic spectrum of [Li2 Fe], figure (3-4Table (3-8)
shows a shift in the energy ofm-of the (Lig2) and appeared at (30,101
cm?), whichn-n band which supposed to shift to higher energy was n
observed due to limitation of the UV-Visible ingtmant, Figure (3-47).

The value of the measured magnetic moment fo2 [fig] complex
is (5.17 B.M.), which could be related to high-smih ferric ion in
octahedral geometry.

Therefore, there results suggested the coordinatidhe Lig2Fe
complex in an octahedral geometry, restricting ¢leitation of the n-

n and z-m of the ligand to high energy while maintaining thigh spin
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conformation of the Hiron cation as also spin forbidden spectra was
observed at high energy

Lig2Fe complex was considered have an ionic charizetion as
indicated by the high conductivity value measured donductivity
measurement as stated in table (3-8), table (8i8j)efore the following

structure is suggested for the [Lig2 Fe] complex:

Figure (3-31) Structure of Lig2 Fe complex

B) Co(ll) complex [Lig2 Co:

The spectral behavior of this complex, Fey(B-48) was identical
with that of (Ligl Co), which appeared two band®%907 crit and at
28,986 crit which was assigned to the transitionsindvs respectively,
v; was calculated using Tanabe-Sugano diagram fi¢g«28) for d
system and found to be 20,725 tmhich belong to the transitiofi,g
(F) — *“Tg (F).

The magnetic susceptibility and molar conductighpow the complex to
be octahedral and to be conducting, table (3-9).
The magnetic moment of [Lig2 Co] complex was (5B64.),

which show the complex to be paramagnetic.
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From these results and that of FTIR studysihggested structure is

follows:

(NO3) 2H,0

Figure (3-32) Structure of Lig2 Co complex

C) Mn(11) complex [Lig2 Mn]:

The electronic spectrum of [Ligl Mn] complex, Figu(3-48),
Table (3-8) showed a shift in the energy oft nef the (Lig2) and
appeared at (33,113 &n which n-7 band which supposed to shift to
higher energy was not observed due to limitationtre UV-Visible
instrument.

These were similar to that shown by [Ligl Mn] cdexposo an
octahedral geometry was suggested to the [Lig2 ddnjplex’®.

The value of the measured magnetic moment for 2LMn]
complex was (4.92 B.M.) which could be related ighkspin & Mn ion
in octahedral geometry.

Therefore, there results suggested the coordinatiaime Lig2Mn
complex in an octahedral geometry, restricting é¢leitation of the n-

n and n-r of the ligand to high energy while maintaining thigh spin
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conformation of the imanganese cation as also spin forbidden spectra
was observed at high energy.

Lig2Mn complex was considered have an ionic charastion as
indicated by the high conductivity value measured donductivity
measurement as stated in table (3-8), table (88)following structure

Is suggested for the [Lig2 Mn] complex:

(OH),.6EtOH

Figure (3-33) Structure of Lig2 Mn complex

3-5-3 Complexes of Lig3:
A) Fe(l11) complex [Lig3 Fe:

The electronic spectrum of [Lig3 Fe], figure (3-4%able (3-8)
shows a shift in the energy ofm-of the (Lig3) and appeared at (31,446
cm?), which z-r band which supposed to shift to observed at (34,01
cm).

These are similar to that shown by [Lig2 Fe] coempko an

octahedral geometry was suggested to the [LigZ&eiplex’®,
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The value of the measured magnetic monien [Lig3 Fe]
complex was (4.97 B.M.) which could be relateditghkspin @ ferric ion
in octahedral geometry.

Therefore, there results suggested the coordinatiadhe Lig3Fe
complex in an octahedral geometry, restricting ¢leitation of the n-
n and n-r of the ligand to high energy while maintaining thigh spin
conformation of the Hiron cation as also spin forbidden spectra was
observed at high energy

Lig3Fe complex was considered have an ionic charizetion as
indicated by the high conductivity value measured donductivity
measurement as stated in table (3-8), table (Beé9¥tore the following

structure was suggested for the [Lig3 Fe] complex:

(SOy)3.5H;
O

2

Figure (3-34) Structure of Lig3 Fe complex
B) Co(ll) complex [Lig3 Co:
Electronic spectrum of (Lig3 Co), Figure (3-49pw one band at
26,178 crit which are assigned to the transitidisg (F) — “T.g (F), the
value of 10Dq equal to 26,178 ¢m
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The magnetic susceptibility and molar conductivihgicate the
complex to be octahedral and to be conductive, ftbese results and
that of FTIR study the suggested structure is bews:

Figure (3-35) Structure of Lig3 Co complex

C) Mn(11) complex [Lig3 Mn]:

The electronic spectrum of [Lig3 Mn] cdexy Figure (3-50),
Table (3-8), show one band at (33,113"cwhich were assigned to the
transition ¢1) °A:g — “T1g (G).

These were similar to that shown by [Ligl Mn] cdexe, so an
octahedral geometry was suggested to the [Lig3 ddnjplex’®.

The value of the measured magnetic moment for JLMn]
complex was (5.67 B.M.), which could be related High-spin d
manganese (Il) ion in octahedral geometry.

Conductivity measurements show the [Lig3 Mn] coempto be
lonic; Table (3-9). The following binuclear octahaldstructure can be

suggested:
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(OH),.3EtOH

Figure (3-36) Structure of Lig3 Mn complex
3-5-4 Complexes of Lig4:
A) Fe(l11) complex [Lig4 Fel:
The electronic spectrum of (Lig4 Fe) ctemp Fig (3-50) table(3-
8) . Show one band at (16,667 tnwhich is assigned to the transitions
*Ag — Tig

These are similar to that shown by (Ligl) FEemplex so an
octahedral geometry was suggested to the (Lig&&mplex’®.

The value of the measured magnetic monwniLig4 Fe) complex
is (4.94 B.M.), which could be related to high-smih ferric ion in
octahedral geometry, the value of 10Dq equal t6@B6,cm'). LigdFe
complex was considered have an ionic charactesizads indicated by
the high conductivity value measured by condugtiviteasurement as
stated in table (3-8), table (3-9), therefore tb#ofving structure is
suggested for the (Lig4 Fe) complex:-
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(SOy)3.6ELOH

Figure (3-37) Structure of Lig4 Fe complex
B) Co(ll) complex [Lig4 Co:

Electronic spectra of cobalt (II) complex genegraihow three
transitions, but these transitions can not be assigbecause of the
greater overlapping of théfi ">’

Octahedral spectra of Co(ll) consist of twands one in the regions
(15,400-15,500cit) and the other in the (20,000-20,830)cragions’™.

The term symbol for the ground state of Qdgh is “F, which can
split in octahedral crystal fief@.

Electronic spectra of cobalt (II) complex gealy show one
band appeared at (29,674 &nFig (3-51) which were assigned to the
transition8T.g (F)— “T.g (F).

Therefore, there results suggested the coordinaticdhe Lig14Co
complex in an octahedral geometry, restricting ¢leitation of the n-
n and z-m of the ligand to high energy while maintaining thigh spin
conformation of the dcobalt cation as also spin forbidden spectra was

observed at high energy.
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LiglCo complex was considered have an iamaracterization as
indicated by the high conductivity value measured donductivity
measurement as stated in table (3-8), table (3-9).

Octahedral cobalt (II) complex however mamtlarge contribution
due to*Tg ground term and exhibits4in the range (4.85-5.6B.M’9.

The magnetic measurement of the [Lig4 Co] glemis (5.23B.M.)
shows the complex to be paramagnetic and have timg&ired electrons
indicating a high —spin octahedral configuration.

From these results an octahedral geometynalr&€o (ll) ion can be

suggested as illustrated in the following structure

(NOy),.EtOH

Figure (3-38) Structure of Lig4 Co complex

C) Mn(11) complex [Lig4d Mn]:

The electronic spectrum of [Lig4 Mn] complex, frgu3-51), table
(3-8), show a shift in the energy ofmn-of the (Ligl) and appeared at
(32,258 crit), which n-r band which supposed to shift to higher energy
was not observed due to limitation of the UV-Visilmhstrument.
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These were shown by [Ligl Mn], [Lig2 Mn] and [Lig®in]
complexes, so an octahedral geometry was suggéstée: [Ligd Mn]
complex’®.

The value of the measured magnetic moment for4LMn]
complex was (5.02 B.M.), which could be related High-spin d
manganese (I) ion in octahedral geometry.

Conductivity measurements show the [Lig4 Mn] coempto be
ionic; Table (3-9). The following octahedral structure can be ssged:

(OH),.3EtOH

Figure (3-39) Structure of Lig4 Mn complex
3-5-5 Complexes of Lig5:
A) Fe(l11) complex [Lig5 Fe:

The electronic spectrum of (Lig5 Fe) coaxplfig(3-52) table(3-8) .
Showed a shift in the energy ofmnof the (Lig5) and appeared at (31,294
cm?), whichz-n band which supposed to shift to higher energy was n
observed due to limitation of the UV-Visible ingtmant

These are similar to that shown by (Ligl) FEemplex so an

octahedral geometry was suggested to the (LigSoR&)Ex ",
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The value of the measured magnetic monmniLigs Fe) complex
is (5.39 B.M.), which could be related to high-smin ferric ion in
octahedral geometry.

Therefore, there results suggested the codrdmaf the Lig5Fe
complex in an octahedral geometry, restricting ¢leitation of the n-
n and n-n of the ligand to high energy while maintaining thigh spin
conformation of the Hiron cation as also spin forbidden spectra was
observed at high energy.

LigFe complex was considered have an ionic charaettion
as indicated by the high conductivity value meaduog conductivity
measurement as stated in table (3-8), table (8i8)efore the following

structure is suggested for the (Lig5 Fe) complex:-

Figure (3-40) Structure of Ligs Fe complex
B) Co(ll) complex [Lig5 Co]:
The spectral behavior of this complex, feg3-52) was identical
with that of (Lig5 Co), which also shows one ban®5,056 crit which
was assigned to the transitiéhg (F)— “T.g (F).
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The magnetic susceptibility and molar conductighpow the complex to
be octahedral and to be conducting, Table (3-7).
The magnetic moment of [Lig5 Co] complex was (4B64.),
which show the complex to be paramagnetic.
From these results and that of FTIR studysihggested structure is

follows:

(NO3),.9H,0

Figure (3-41) Structure of Ligs Co complex
3-5-6 Complexes of Lig6:
A) Fe(l11) complex [Lig6 Fe]:

The electronic spectrum of (Lig6 Fe) coaxplfig(3-53) table(3-8) .
Showed a shift in the energy ofm-of the ligand 1 (Ligl) and appeared
at (31,467 cr), which n-m band which supposed to shift to higher
energy was not observed due to limitation of theU¥%ible instrument,

These are similar to that shown by (Ligl) FEemplex so an
octahedral geometry was suggested to the (Lig&&mplex’©.

The value of the measured magnetic monwniLig6 Fe) complex
is (5.77 B.M.), which could be related to high-sgih ferric ion in
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octahedral geometry therefore the following streetis suggested for the
(Lig6 Fe) complex:-

(SOy)2-2H,0

B) Co(l1) complex [Lig6 Co:

The spectral behavior of this complex, Feg(B-53) was identical
with that of (Ligl Co), which also shows one bamt @t 31,546 crh
which was assigned to the transitiiig (F) — “T.g (F).

The magnetic susceptibility and molar conductighpow the complex to
be octahedral and to be conducting, Table (3-9).

The magnetic moment of [Lig6 Co] complex was (5BM.),
which show the complex to be paramagnetic.

Therefore, there results suggested the coatidim of the Lig6Co
complex in an octahedral geometry, restricting ¢leitation of the n-
n and z-m of the ligand to high energy while maintaining thigh spin
conformation of the dcobalt cation as also spin forbidden spectra was
observed at high energy.

Lig6Co complex was considered have an iamaracterization as
indicated by the high conductivity value measured donductivity
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measurement as stated in table (3-8), table (8&)) these results and
that of FTIR study the suggested structure is Yaslo

(NO3).2H,0

Figure (3-43) Structure of Ligé Co complex
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Table (3-8): Electronic spectral data for complexesf Ligl, Lig2, Lig3, Lig4, Lig5
and Lig6 in 10° M DMSO solvent (cni?).

Absorption N
Symbol L Transitions B B' B 10Dgq | 15B'
Band (cm”)
Ligl Fe 26,809 $) °Ag— “Tig 1300 - - | 26,809 -
8,753 cal | (v)) T.g (F)— "T.g (F)
Ligl Co 16,750 (v) ‘Tig(F)—>“A,g (F) | 971 | 1196 | 0.66] 8,753 22,33
31,847 (v3) 4Tlg (F)— 4T29 (P)
12,953 (v)) "Ag — *Tig (G)
Ligl Mn 25,907 (vo) °Aig — “E1g®Ag (G) | 960 | 1295 | 0.74] 12,958 21,57
32,573 (va) A1 — “Tog (G)
Lig2 Fe 17,730 ¥ °Ag — “Tig 1300 - - | 17,730 -
Lig2 Co 33,113 ) ‘Tig (F)— *“T,g (F) | 971 - - | 33,113 -
Lig2 Mn - - 960 - - - -
Lig3 Fe - - 1300 - - - -
Lig3 Co 26,178 ) “Tig (F)— *“T.g (F) - - - | 26,178 -
9,268 (v)) "Ag — *Tig (G)
Lig3 Mn 11,947 (vo) °A;g— “E1g°Ag (G) | 960 | 438 | 0.46| 9.273  6,56¢
22,421 (va) °Ag — “T.g (G)
Lig4 Fe 16,667 ¥ °Ag — “Tig 1300 - - | 16,667 -
Lig4 Co 29,674 ) “Tig (F)— *“T.g (F) | 971 - - | 29,674 -
Lig4 Mn - - 960 - - - -
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Table (3-8): Electronic spectral data for complexesf Ligl, Lig2, Lig3, Lig4, Lig5

and Lig6 in 10° M DMSO solvent (cm?).

Absorption N
Symbol Transitions B B' 10Dgq | 15B'
Band (cm-1)
Ligh Fe - 1300 - - - -
Lig5 Co 31,056 ) ‘Tig (F)— *“T,g (F) | 971 - - | 31,056 -
Lig6 Fe 17,953 ) Alg— “Tug 1300 - - | 17,953 -
Lig6 Co 31,546 ) ‘Tig (F)— *“T,g (F) | 971 - - | 31,546 -
Table (3-9): Magnetic moments, Conductivity and Sugested Structures for

complexes of Ligl, Lig2, Lig3, Lig4, Lig5 and Ligén 10° M DMSO 9,

Complex Magnetic moment Conducti\llity Suggested
(B.M) usS.cm structure
Ligl Fe 5.90 43 Octahedral
Ligl Co 3.58 32 Octahedral
Ligl Mn 5.19 33 Octahedral
Lig2 Fe 5.17 45 Octahedral
Lig2 Co 3.26 31 Octahedral
Lig2 Mn 5.92 36 Octahedral
Lig3 Fe 5.97 37 Octahedral
Lig3 Co 3.94 34 Octahedral
Lig3 Mn 5.67 33 Octahedral
Lig4 Fe 5.94 32 Octahedral
Lig4 Co 3.41 38 Octahedral
Ligd Mn 5.02 34 Octahedral
Lig5 Fe 5.39 37 Octahedral
Lig5 Co 3.70 33 Octahedral
Lig6 Fe 5.77 63 Octahedral
Ligé Co 3.25 35 Octahedral
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Table (3-10) The chemical formula and the naméefligands and

complexes
Symbol Chemical formula Name of the compounds
Ligl Ci4H11N3sS Benzylidine-1-benzothiazolhydrazone
_ Dihydroxy tetraaqua bis-
LiglFe | [Fe&(Ligl)(OH)(H:0)4] 250 3H,0 [benzylidine-1-
benzothiazolhydrazone] Irofill).
disulphate trihydrate
LiglCo [Co (Ligl) (NQ) (H.0);] NO3.2H,O Nitrato diaqua [benzylidine-1-
benzothiazolhydrazone] cobalt(ll)
nitrare dihydrate
LigiMn | [Mn,(Lig1),(OH),(H,0),2(OH).10EtOH| Dihydroxy tetraaqua bis-[benzylidin

-1-benzothiazol hydrazone]
Manganese(ll) dihydroxy decaethar

Lig2

Ci15H13N3SO

p-methoxybenzylidine-1-
benzothiazolhydrazone

e

nol

Lig2Fe

[Fe (Lig2) (SQ) (Hz:0)]2(SQy)

Sulfato diaquag-methoxy
benzylidine-1-
benzothiazolhydrazone] Iron(lll)
sulfate

Lig2Co

[Co (Lig2) (NQ) (H,0),] NO3.2H,0

Diaqua nitratogd-methoxy
benzylidine-1-
benzothiazolhydrazone] cobalt(ll)
nitrare

Lig2Mn

[Mn(Lig2)»(H,0),] 2(OH).6EtOH

Diaqua bis#-methoxybenzylidine-
1-benzothiazol hydrazone]
Manganese(ll) dihydroxy

hexaethanol
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Continue table (3-10) The chemical formula andrtame of the ligands

and complexes

Symbol

Chemical formula

Name of the compounds

Lig3

C14H10N4SG;

menitro benzylidine-1-
benzothiazolhydrazone

Lig3Fe

[Fe(Lig3)(H,0),], 3S04. 5HO

Diaqua bis-n-nitro benzylidine-1-
benzothiazolhydrazone] Iroiil)
sulfate pentahydrate

Lig3Co

[Co(Lig3)(NQ)(H20),] NO;

Nitrato diaquai-nitro benzylidine-1-
benzothiazolhydrazone] cobalt(ll)
nitrare

Lig3Mn

[Mn(lig3)(OH),(H,0)4]2(OH).3EtOH

Dihydroxy tetraaqua bis+-nitro
benzylidine-1-benzothiazolhydrazon
Manganese(ll) dihydroxy triethanol

Ligd

C1aH11NsS O,

2,4-dihydroxy benzylidine-1-
benzothiazolhydrazone

Lig4Fe

[Fe(Lig4)(H20).]. 3SO4.6EtOH

Diaqua bis-[2,4-dihydroxy benzylidir
1-benzothiazolhydrazone] Iron(lll)
sulfate hexaethanol

Lig4Co

[Co(Lig4)y(H,0),] 2NO; .EtOH

Diaqua bis-[2,4-dihydroxy benzylidin
1-benzothiazolhydrazone] cobalt(ll)
nitrate ethanol

D
e

—

e_

e_

LigdMn

[Mn(Lig4)(H,0),]2(OH).3EtOH

Diaqua bis-[2,4-dihydroxy benzylidin
1-benzothiazolhydrazone]
Manganese(ll)dihydroxy triethanol

e-
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Table (3-10) The chemical formula and the naméefiigands and

complexes

Symbol

Chemical formula

Name of the compounds

Lig5

C16H 16N4S

p-(N,N-dimethyl amine) benzylidine-1

benzothiazolhydrazone

LigbFe

[Fe (Ligd)(H0)%(SQ)]2 SO,

Sulfato diaquad-(N,N-dimethyl
amine) benzylidine-1-benzothiazol
hydrazone]iron(lll) sulfate

Lig5Co

[Co> (Lig5)2(NOs)2(H20)4] 2NO5.9H,0

Tetraaqua dinitrato bisg-(N,N-
dimethyl amine) benzylidine-1-
benzothiazol hydrazone] cobalt(ll).
nitrate heptehydrate

Lig6

C14H 10N 3S Br

p-bromo benzylidine-1- benzothiazg
hydrazone

Lig6Fe

[Fe(Lig6)(OH),(H20),] 2SG,.2H,0

Dihydroxy tetraaqua bisg-bromo
benzylidine-1- benzothiazol hydrazor
Iron(lIl) sulfate dihydrate

Lig6Co

[Co (Lig6)(NQ)(H20),] 2 NO;.2H,0

Nitrato diaquagd-bromo benzylidine-1t

benzothiazol hydrazone] cobalt(ll)
nitrate dihydrate

1e]
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DMSO

0.000 W’*
0167 1 1
200.00 400,00 00,00
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Fig(3-4) Electronic spectra of DMSO, Lig1, Lig2 and Lig3
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Fig(3-45) Electronic spectra of Lig4, Lig5 and Lig6
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Fig(3-46) Electronic spectra dfiglFe and Lig1Co
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Fig(3-47) Electronic spectra of liglMn and Lig2Fe
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Fig(3-48) Electronic spectra of Lig2@md Lig2Mn
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Fig(3-49) Electronic spectra of Lig3&ed Lig3Co




RESULTS AND DISCUSSION

Lig3Mn

200,00

Qo000

Fig(3-50) Electronic spectra of lig3Mand Lig4Fe
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Fig(3-51) Electronic spectra of Ligd@nd Lig4Mn
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Fig(3-52) Electronic spectra of

LigbFe and Lig5Co
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Fig(3-53) Electronic spectra of Lig6laad Lig6Co
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(3-6) Conclusions:

1. The different Schiff bases which have been prepaieawved

different physical properties, where the Schiff dsmslerivatives

show different melting point.

The reaction of ligands (Lig1, Lig2, lig3, Lig4jd5 and Lig6)

with the selected transition metal ions gave comgse of

monomeric and dimeric structure as follow:

Ligl Lig2 Lig3 Lig4 Lig5 Lig6
Fe(lll) | dimeric | monomeri¢ monomeric| monomeric| monomeric| dimeric
Co(ll) | monomeric, monomeric| monomeric| monomeric, dimeric | monomerig
Mn(ll) | dimeric | monomeri¢ dimeric | monomeric

All the prepared complexes were ionic.

All the prepared complexes were soluble in DMSO.

The ligand field calculations showed different diektrength

(according to the 10Dg value ) and different elmttrepulsion

parameter [{) , which refer to different ionic character betwee

the metal and donor atoms of the ligand .
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(3-7) Suggestion for future work:

The following suggestion can be postulated to enswmpletion
of the work:
1) Preparation of another set of transition metal demgs with the other
transition metal ions.
2) Making a screening antibacterial and antifungaivitgtof the Schiff
base and all the metal complexes, to explore thetivity and the
synergic effect between the metal and the ligand.

3) Synthesizing of some new ligands having the follmyvistructure
formulae

X=0O,NH
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Abstract

The present work can be divided into two parts :

Part one: - Synthesis of six 2-(arylhydrazone) benzothiazigierds
and their Fe(lll),Co(ll) and Mn(ll) complexes:

The six ligands were prepared according tddhewing steps:-

_Step-1-:-hydrazinolysis of 2-Mercaptobenzothiazole gavhydrazino
benzothiazole .

Step-2- :-The new six ligands [LiglLig6] 2-(arylhydrazone )-
benzothiazols were synthesized by condensing 2alzyaty benzothiazole

with the appropriate aromatic aldehydes .
The structural formulae of these hydrazones laogva below :-

Step-3- :-Eighteen Fe(lll), Co(ll) and Mn(ll) complexed the six
hydrazones ligands [Ligl...Lig6] were prepared bwct®n of the




approperiate metal salt with the coorespondingnligan ethanol under

reflux.

Part two:- Charactrization of all the prepared compounds:

The synthesized ligands [Ligl...Lig6] were &wderized on the
basis of IR spectral analysis and the results wempatible with their
assigned structures .

The metal complexes of the hydrazones [Liglg6l have been
charactrized by FT-IR, UV-Vis spectra, conductiyitynagnetic
susceptibility measurements and metal analysis .

On the bases of these techniques the stricaadaformulae of the
complexes have been suggested which were octahddralall
complexes:-

1. The complexes of Fe(lll) ion with the ligandsdl...Lig6] suggested

to have the following molecular formula:-

[Fex(Lig1)2(OH)2(H20)4] (SO4)2. 3H20, [Fe(Lig2)(H20)(SO4)]2 (SO4)
[Fe(Lig3)2(H20)2]2 (SO4)s. 5H0 , [Fe(Lig4),(H20),]2(SO4)s.6ELOH
[Fe (Lig5)(H20)2(S04)]2 (SO4) , [Fex(Lig6)(OH)(H20)4](SO4)2.2H,0

2.The complexes of Co(ll) ion with the ligands [Lig Lig6] suggested
to have the formula

[Co(Lig1)(NO3)(H20)2](NOs).4(H20),[Co (Lig2) (NO3) (H20)2](NO3).2H,0
[Co(Lig3)(NO3)(H20),](NOs), [Co(Lig4)2(H20),] (NO3)..EtOH
[C02(L195)2(NO3)2(H20)4] (NO3)2.9H,0,[Co(Lig6)(NO3)(H20),] (NO3).2H 0




3. The complexes of Mn(ll) ion with the ligandsgfli...Lig6] suggested

to have a formula :-

[Mn(Lig1)2(OH)s(H,0)4] (OH),.10EtOH, [Mn(Lig2),(H:0),](OH),.6EtOH
[M n,(lig3),(OH)(H,0).] (OH),.3EtOH, [Mn(Lig4)»(H,0),] (OH),.3EtOH

Different bonding and structural behavior wesgealed during the

study of coordination chemistry of the differentaneomplexes. The

Racah and other ligand field parameters which tiaie the bonding

nature between metal ion and donor atoms of ttemtigvere calculated
for Co(ll) complexes using (Tanabe-Sugano) diagram.
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