Abstract

There are several ways for preparing Schiff bases. The most common
way is the condensation reaction between amines and aldehydes.

The Schiff bases were prepared by the reaction of cyclohexylamine
with  piperonaldehyde and reaction of 2,4-dichloroaniline with
salicyladehyde with mole ratio 1.1 to prepare ligand [La]
(Piperonaldehyde cyclohexylimine) and ligand [Lg]
(Salicylidene-2,4-dichloroaniline) respectively.

Also the reaction of dithiooxamide with salicylaldehyde and reaction
of o-phenylenediamine with salicylaldehyde with mole ratio 1:2 to prepare
ligand [L ] (bissalicylidene-dithiooxamide) and ligand [Lp] (bissalicylidene
-0-phenylenediamine) respectively.

The prepared ligands were characterized by TLC technique, melting

points measurement, F.T.IR and UV-Vis spectroscopy

The [La, Lg, Lc and Lp] have been used as ligands to prepare a
number of transition metal complexes, which include [Cu (11), Co (II) and
Rh (111)] ions.

The preparation of complexes of [Cu(ll), Co(ll) and Rh(l11)] with
[La] and complexes of [Cu(ll), Co(ll) and Rh(I11)] with [L] were done with
moleratio 1:2 (metal : ligand)




While the preparation of complexes of [Cu (I1), Co (1) and Rh (111)]
with [L¢c] and complexes of [Cu(ll), Co(ll) and Rh(111)] with [Lp] were done
inmoleratio 1:1 (meta : ligand)

The metal complexes of the prepared ligands have been obtained in
solid state. They were characterized by F.T.IR, UV-Vis spectroscopy, metal
analysis spectrophotometer, conductivity and magnetic susceptibility
measurements.

According to the result of the above measurements, the following
formulafor new complexes were suggested
1) The structural formula of complexes of Cu(ll), Co(ll) and Rh(ll1) ions
with [LA] were asfollows:

[Cuy(LA)a(NO3)2] (NO3)2.6H0
[Co(La)2(ONO;), (H20),].2H.0
[Rh(LA)2(Cl)2(H20)] CI.3H,0

2) The structural formula of complexes of Cu(ll), Co(ll) and Rh(ll1) ions
with [Lg] were asfollows:

[Cu(Le)2(H20)2]

[Co(Lg)2(H20),].3H,0

[Rhy(Lg)4(Cl),].4H,0

3) The structural formula of complexes of Cu(ll), Co(Il) and Rh(IIl) ions
with [Lc] were asfollows:

[CuL¢(H20),].2H,0

[CoL ¢(H20),].6H,0

[RhL(H,0)CI].4H,0




4) The structural formula of complexes of Cu(ll), Co(ll) and Rh(l1l) ions
with [Lp] were asfollows:

[CuLp(H20).]

[CoL p(H,0),].6H,0

[Rhy(Lp)2(Cl)2].3H0

Different bonding and structural behavior were related during the
study of coordination chemistry of the different new complexes. The Racah
and other ligand field parameters which illustrate the bonding nature
between metal ion and donor atoms of the ligand were calculated for Co (11)

and Rh (111) complexes using (Tanabe-Sugano) diagram.
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Chapter One I ntroduction

Chapter one
| ntroduction

(1-1) The basics of coordination complexes: -

A coordination compound, or complex, is formed wlsehewis
base (ligand) is attached to a Lewis acid (accgjpmeans of a"lone-
pair'of electrons where the ligand is composed ofimber of atoms; the

one which is directly attached to the acceptorlted the "donor atom".

Ligands are most conveniently classified accordmthe number
of donor atoms which they contain and are knowruis, bi-, ter-,
guadri-, quingi-, and sexa-dentatdnidentate ligands may be simple
monatomic ions, or polyatomic ions or moleculesalihcontain a donor
atom. When formation of complexes, differing nunsbef ligands
(coordination numbers) can associate with a cemtaalsition metal ion
and the resulting complexes can assume any ofaguessible geometric
configurations®.

The more important factors determining the mostofable
coordination number for a particular metal and nidgaare summarized
below.

If electrostatic forces are dominating the atti@attbetween the
metal and the ligands should exceed the destalglizpulsions between
the ligands, the attraction is proportional to pineduct of the charges on
the metal and the ligand whereas the repulsiong@megortional to the
square of the ligand charge.
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The concept of the coordinate bond as an interat@®iween a
cation and anion or molecule possessing a loneopalectrons can be
accepted before specifying nature of the interaatideed; it is now
evident that in different complexes the bond cangpe whole range
from electrostatic to covalent charactér

One of the earliest correlations was the Irvinghdrms series of
stability ®. For a given ligand, the stability of complexes wdipositive
metal ion follows the order Ba< Sr? < Ca?< Mg™ < Mn*? < Fé&?

<CO+2< Ni+2 <Cu+2>zn+2

This order arises in part from decreases in siresadhe series and
in part from the ligand field effects.

A second observation is that certain ligands fdmertmost stable
complexes with metal ions such as*Addg™ , and Pt but other ligands
seem to prefers ions such ag3AlTi**,and C4°. Ligands and metal ions
were classified® as belonging to type (a) or (b) according to their
preferential bonding. Class (a) metal ions incltltzse of alkali metals,
and lighter transition metal in higher oxidatioatss such as Tj Cr?,
and hydrogen ion, H
Class (b) metal ions include those of heaver ttemsimetals, and those
in lower oxidation states such as‘Cag’, Hg', Hg™, Pd?and Pt ©,

The increase of the positive charge on the cetrmakition metal
ion strengthens the metal-ligand bonds.

The metal ion prefer to bind with atoms of higleatton density
such as N, 0%, P°, S?and C'
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The ligand should have certain characteristic ptogseto make it
convenient to form stable complex with transitiortah ions. The size,
geometrical shape, number and geometrical arrangfeofidigand donor
atoms play the important role in stability of tlesultant comple¥.

Metals centers, begin positively charged, are free¢@o bind to
negatively charged biomolecules, the constituehfgaeins and nucleic

acid offer excellent ligands for binding to metaiss'”.

(1-2) Schiff bases:-

The term "Schiff bases" was firstly used to defthose organic

compounds which contain the functional group\§e=N— ), these
Schiff bases have several names; anils, azomethimaszanils and
benzylideneanilin€’ , these compounds were firstly prepared by Schiff i
(1864)®, from a simple condensation reaction of aldehyateketones
with primary amines and for this reason, these @wiwere called Schiff
bases.

Schiff bases are rapidly decomposed in aqueousiaolof acidic

media, but are they stable in aqueous solutiorasfchmediad™?.
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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 gitlee final product

Schiff bases. The general mechanism of the Schife" shown in
Scheme (1-1).

R/

Schif

H OH
R Bn B | | 19
+ I (” + INTR’ R—C——N—R
C=—0+ H— /C\I—>/C‘_/| —_— | |
R R R \ H -\_H
R’ R’ R
1\ -H+
ey " |
i | ok |
(O] ¥y HZO R—C——N—R R——C——N—R

C=——N—"R"

f base (imine)

Scheme (1-1): Mechanism of Schiff base

These bases can also be prepared by irflugf equimolar

guantities of aldehyde or ketone with amine withsoltvent or by slow

m

elting for 10 minutes and then isolating and pung the product by

recrystallization or sublimation under reduced pues*?.
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(1-3)Preparation of Schiff bases:

Schiff bases prepared by several ways.

1-Reaction of primary aliphatic or aromatic aminath carbonyl group
of the aldehyde or ketone to give imines or Schdbes the speed of
reaction increases by added few drops of glaciakti@cacid

as catalyst®.
. R—N
A H N\
R-NH; + c@ _ = c --- (1-1)
/ /
H -H,0 H

R=(CHs-, CHsCH2-, GCsHs-, CHsCeH4-, 2-Cl-GsHs-, 2-Br-GsHa-,
2-1-CeHs-, 2,6-(CH)2CeH3-, 3-CI-CsHa4-, 3-Br-GsHa-)

The stability of the final product depends on treture of the
aldehyde and the amine. It can be concluded thatesSchiff bases may
be prepared from the following types of compoufids as shown in
Figure (1-1)
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6:
\ AN ) ~
R——C——H +R——NH, R——N——=CH—R
aldehyde primary amine Unstable Schiff base
\ [ 1]
@ 5 Ry
primary amine Unstable Schiff base
benzaldehyde
O
aldehyde
o aniline Stable Schiff base
benzaldehyde aniline Stable Schiff base

Figure (1-1): Condensation between aldehyde andemi

Or reaction of aldehyde or ketone with diamino commis'**:

2

NH
OH (0]
o .o — @ - (1-2)
OH HO
Q OCH, OCH,

NH,

2-Reation of primary amines with dihalide alkéh

x\ - N
/
R-NH + C:C - :C,/
? / RN=X * CHXp, ---(1-3)
X H H
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3-Reaction of primary amines with acetylenes innaiain or zinc
acetat&®:

T

M(CH3COO0), R
RNH, + p-c=cC—H > HC—C=—N"

--- (1-4
140°, 54 atm (1-4)

M" = zn, Cd

4-Redaction of nitriles by (Lithium Aluminum Hydel (LiAIH4) ¢

L LiAIH,
s O SO0 O™ s

(1-4) Classification of Schiff bases :-

Schiff bases can be classified according to thenber of

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

Of these methods the one which depend on the cwrdn 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

Compound Donor atoms | Typeof donor | Ref
H
— B & _CHs
)—N= N N Monodentate | 18
\ N \
OH
H_
C=N—R o Bidentate 18
R = ph , 2-MeC5H4 , 3'C6H4
4'M9C6H4
H
¢ N R
@ SN7 e NSO Tridentate | 19
S
OH
VY
C§:OH HO%? ONNO Quadridentate | 18
R
R=H, OMe
W= (CH2)2 s (CHMeCHz) s (CH2)4
H
NN/
N X N=C
NNNOO,
Pentadentate| 20
Cl OH HO NNOOS
X=S,NH, NCH;3
CHO
OH HO
NGCONON N
/N /\__/\__/\ NNNNOO Hexadentate | 21
N
é/ NNNNOOO Heptadentate| 22
o m o
Y NNNNNOOOO Nanodentate | 23

II II
H,N—C OH HO C—NH,
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(1-5) Complexation of ligands with metal 1ons; -

In 1968 Harris and Siffif’ were prepared Cu(ll) complexes which
appears in Figure (1-2).

These complexes have been characterizedthiey magnetic
susceptibility measurements, LR and U.V spectqegconethods,
the proposed chemical structure for these compleses square planar

with distorted towards the tetrahedral structure.

N

)
VAN

R

|
HC

Figure (1-2): Complex of Cu (Il) ion with alkyl seyldehyde
Where:
R= Methyl, Ethyl, n-propyl, n-butyl, n-hexyl, n-odtysobutyl, isopropyl,
Cyclohexyl, t-butyl and phenyl.
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In (1975) U. Doraswarmy and Bhattachafawere prepared
complexes of Ni (II) and Cu (Il), through reaceth with acetyl acetone
and salicyldehyde, and after that the complexeg wescted with
aqueous solution of (NHito prepared (MMD complex. The proposed
structure for these complexes were square plamereaction for the

complex is shown in Figure (1-3).

S
0
(|T | OH
M* + CHyq——C——CH=—=C——CH, + (;[
c—o

N /e PN
c——N ¢ o—c¢
/ \ c—o0
y CHs, . CH,
M*2=Cu, Ni

Figure (1-3): Complex of (MML) with Cu (Il) and Ni (Il) ions.

In 1998 Pavel Kopel and co-work& were synthesized binuclear
Fe (Ill) complexes with combination of Schiff basé@$éN'- bis
(salicylidene) ethylenediamine (salen)Hor N,N'- bis (salicylidene)
0- phenylenediamine (saloph) with 6- methyl-2,4ighyre dicarboxylic
acid (mdicarpy H) or 3,5- pyrazole dicarboxylic acid (pyrdica)Hhave
been characterized using elemental analysis, |.Rectspscopy,
conductivity measurements and variable temperatmagneto chemical
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measurements. The proposed structures of two of éae depicted in
Figures (1-4) and (1-5).

@)
N/ N O—\F&
/ \o N / F
CH,

Figure (1-4): Proposed structure of [{Fe(salop(midicarpy)]

|
e 0 QN
\F/ OWO—>F
’1/ \o N—NH o !“

Figure (1-5): Proposed structure of [{Fe(salop{pyrdica)]

AR
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In 1999 Antony F. Marinovich and co-workéf8 were
reported the  crystal structure  of  N,N-1,2-phenyibrse
(Salicylideneiminato) Copper (lI). The complexes véda been
characterized by x-ray structural analysis. Two stajographically
distinct but similar molecules are found in the rasyetric unit. The
copper atoms of the two molecules both exhibitadted square planar

coordination geometry with two Nitrogen and twry@en donor atoms.

In (2000) A. Z. El-Sonbatai and co-workéf were prepared
several new coordination compounds of copper (ligkel (ll), cobalt
(1), manganese (ll), iron (1), tin (II), mercurfll), dioxouranium (VI)
and iron (lll) with Schiff base derived from 7-fold-
hydroxyquinoline(oxine) and 2-aminophenoj(H) or
2-aminopyridine(HE), these ligands are shown in Figure (1-6), and its
complexes are shown in Figure (1-7). The ligand thedcomplexes have
been characterized by elemental analysis, IR, UM;NMR and

¥C-NMR spectra, with magnetic susceptibility meaments.
Chemical properties of quinoline and itsiwkives are of interest

due to their biological activit§f®, coordination capacit§{® and their use

as metal extracting agerits’

VY
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Figure (1-6): (HLY), (HL?) ligands

M=

M=

OSY
H

\_/"

Cu or uo, X=nil

Mn, Fe, Co, Hg or Nij X=H,0

Figure (1-7): Complexes of ¢H), (HL?
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In 2004 N. Raman and co-work& synthesized new Schiff base
chalets of Cu(ll), Co(ll), Ni(ll) and Zn(ll) deriee from benzil-2,4-
dinitrophenylhydrazone with anilindhese complexes are shown in Figure
(1-8).

Micro analytical data, molar conductance, and neégn
susceptibility values have been obtained, andHRYMR, **C NMR, and
UV-Vis, spectral studies have been carried out uggest tentative
structures for the complexes. The Schiff base doatds through its
azomethine nitrogen's to the metal ion and acta agutral bidentate

ligand. All the complexes exhibit octahedral geamet

N

@]

2

NO,
h
P NH
OH, |
ph——c N l/N c——ph
\M
ph—C_N/T\N c—ph
| OH,
NH ph
NO,

NO,

Figure (1-8): Proposed structure of Cu (Il), C9,(@#nd Zn (II) and
Ni (II) complexes

V¢



Chapter One I ntroduction

In 2005 J. Igbal and co-workefd were reported a novel Schiff
bases ligand derived frof-chloro anilinewith salicylaldehydeand its
transition metal complexesvith Cu (ll) and Co (II) have been
synthesized. The reaction of tHshiff base ligand is shown in Figure
(1-9).

I
0 —
NH, I N
H Reflex
+ > H
H
Salicylaldehyde
Cl Cl
P-Chioro aniline P-Chioro-Salicyldene aniljf

Figure (1-9): Preparation of Schiff base ligand
The proposed chemical structure for the transittal complexes

are shown in Figure (1-10)

— M-Co(ll) or Cu(Il3—

Figure (1-10): Complexes of chloro-salicylideneliaei with Co(ll) and
Cu(ll).

These prepared complexes screened for antibacaetigity
against several bacterial strains, nantedgherichia coli, Saphylococcus
aureus andPseudomonas aeruginosa. The metal complexes showed

enhanced antibacterial activity compared to uncexegd ligands

Vo
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In 2006 Tudor Roswand co-worker ¥ synthesized Cu(ll)
complexes derived from Schiff base ligands obtainethe condensation
of 2-hydroxybenzaldehyde or terephtalic aldehydéhw#-amino-2,3-
dimethyl-1-phenyl-3-pyrazolin-5-one) to form liganda) and (b)

respectively . The structure of Schiff base ligaads shown in Figure

(1-11).
Q—w:r\l CHj
on N/N\CH3
(a)
CH—< >—c N
CH, N// H\N CH3
No N\ N/N\CH
e NN °
(b)

Figure (1-11): Chemical structure of Schiff basgand

Y 1
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The newly prepared compounds were characterizéd{NMR,
UV-VIS, IR and ESR spectroscopy which shown that@f* ion of the

ligand (a) is form pentacoordinated complex wiG,a symmetry, while

in the ligand (b) the Ctiion has a deformed tetrahedral geometry. Figure

(1-12) shown the structures of complexas [Cu(CigH16N30,)(H,0),]Cl
and ). [Cu, (CsoH28N602) (SQy)2].

Q\CF\\ CH
H20\>Cu/>\:( 3 . Cl
/\ N/N\CH3

/C“/—Qi
o N\ N A
/ \. /\ Q>\ /‘\}

(b)

Figure (1-12): Propos structures of Cu (Il) compkex

ARY%
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In 2007 A. A. Ahmed and co-work&P synthesis new Schiff base
ligands by condensation of benzoylacetone and etlegdiamine,
o-phenylenediamine and 1,6- hexanediamine to gﬂéé§= C,,H,4N50,
[N,N_ bis(benzoylacetone)ethylenediamine]; HoL%= CygH2aN0,
[N,N_(benzoylacetone)-ophenylenediamine] and H,L3= C,gH3.N,0,,
[N,N_bis (benzoylacetone)-1,6- hexanediamine] respely. The fourth
ligand is formed by the condensation of benzoin apthenylenediamine
H2L4=C34H28N202,[N,N_bis(Benzoin)—ophenylenediamﬂné‘he structure

of Schiff base ligands are shown in Figure (1-13).

- (L

N

|N OH

OH

Figure (1-13): Chemical structure of imine ligand.

YA
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The Schiff base ligands and their complexes of ldivametals of
Ni(ll), Co(ll) and Cu(ll) were investigated in tesmof synthesis,
elemental analysis, molar conductivity, thermallgsia, infrared spectra,
ultraviolet-visible and magnetic susceptibility maeements. Some of

complexes structures are shown in Figure (1-14).

/ \ /\ \ /\ /
N/NTO\OHZ / \ A \u / \ N
| =

| C Cl

“io/o o

T\ T"\ \ /%\ /
C Cl

Figure (1-14): Schiff bases Complexes with Ni (@) (1) and Cu (ll)

ions

14
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(1-6) I nfrared spectra of Schiff bases and their metal compl exes:-

* The IR spectra of Schiff bases have the charmstier(—C=—=N")
absorption band at (1610-1680 Omwith weak or moderate intensity
depending on their molecular structure, presenckesaromatic or
heterocyclic rings or other multiple bond3.
* A strong band at 1600 chwas corresponded to( \/C=N_ )
37 in some Schiff base derived from 2-furylglyoxatia?+aminopyridine.
This band was shifted to lower frequencies in thectra of the Mn(ll),
Co(Il), Ni(ll) and Cu(ll) complexes indicating theavolvement of
azomethine nitrogen in coordinatidh
* A strong band appeared around 1590'dm assigned to the
( \/C=N— ) stretching of the free Schiff bases, bis (vamjlli
ethylenediimine, bis (vanillin) propylenediimine,isb (vanillin) o-
phenylenediimine, it was found in the region (188B5)cnt for their

complexes with Cu(lj.

* Coordination of chain polymers of Schiff basesrided from
o-animobenzoic acid and terephthalaldehyde show’ic(=N_ )
stretching at 1625ctand is shifted to (1620-1612) €non complex
formation, indicating the involvement of azomethimetrogen in

coordinatiort*®.

* The IR spectrum give absorption band in the regip640-1630) ci
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-dicarbaldefi{d
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(1-7) Electronic spectra of Schiff bases:

Nothing is interested in the electronic spectralgfhatic Schiff

bases because they absorb light below 200 nm.

The electronic spectra of the unsubstitiaeomatic Schiff's base
molecule: N-benzylidene benzene amine has fourrpbsn bands:
* An absorption band at (314 nm) due to the eledtrdransfern — n-
characteristic of the structufé **
* An absorption band at (262 nm) due to the eledtrdransfert — n
characteristic of the structurgh@—C #2443
* An absorption band at (236 nm) due to the eledtrdransfer n— n
which caused by local excitation of the pagH&-N where there is an
overlap of the electron pair on the nitrogen atoitih w electrons of the
ring. The position of the band varies when donatimgdrawing with
electron groups are present on the ritig*® their position also varies
with solvent.
* An absorption band at (218 nm) due to the eledtreransfer —
which is caused by local excitation of the pagitl&-C. The position of
the band absorption is varies when donating or thgwith electron
groups are present on the rifig** *® Their position also varies with
solvent. The two band at (314 nm) and (262 nmyéaglaced towards
longer wavelength and shorter frequency as the euidouble bonds
is increased towards pargids—N or GHs—C. In both cases, the co-
planarity of the molecule is increased with the@ase number of the

double bond&?.

Y
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(1-8) Applications of Schiff bases and its complexes:

Schiff bases and its complexes have many application
difference fields summarize as following:
1-Analytical application:-
Many of Schiff bases are found as ligands poly-ate colored
form complexes with many of metals ions, and thakenthem to be

selective and sensitive methods to determine thetalsne™?”),

2- Biological applications:-
Schiff bases have biological activityerfore use in prepare of
some drugs like isonicotinyl hydrazide , appearaarte phthisis activity,

the amino group show toxicity in application addul figure (1-15) :

CONHNH, CONHNH=CRR"

Figure (1-15): Isonicotinyl hydrazide

The toxicity removed by conversion o tompound to the Schiff
bases by condensation with ketones or aldeh{dé3 However, the use
of some Schiff bases in (visual proce€d®gnd reactions involved imine
group (non-enzymatic transition reactidf) °? and some accelerated
reactions by vitamin (8 ©® and some of Schiff bases have activity

against cancer dised38

Yy
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3- Industrial applications:-

When some Schiff bases mixed with @eadi agent (oxygen
molecules, organic hydro peroxide and benzene &g certain ratio
the product conforms active system use as catadgimnt which can not
make that alone , e.g: (Col) complex which is Sdbése of ethylene bis
salicylideneiminato which uses as catalytic ageot axidize the
hydrazone to diazo compound which uses in orgampgration involved
the peptides® , oxidation of asymmetric sulphide to sulphoxidgogby
using organic hydroxides using amount of one oficapt active
compounds like vanadium Schiff bases compféX . Manganese
complexes used with Schiff bases catalytic agentepoxidation of

olefins by mixed with benzene iodide as oxidatiogert ©”

Yy
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(1-9) Aim of the present work: -

Because of the importance of Schiff bases teir coordination
compounds which have played a great importanceddicme, industry
and biochemistry. So the aim of this work could ©aenmarized as
follows.

1- Synthesis of four shiff base ligands with diflet donor atoms.

0 -
0]

Piperonaldehyde cyclohexylimine (Lp )

Cl
Tagwe
N Cl
OH

Salicylidene-2,4-dichloroaniline (Lg)

S S

—N N=
Hetmie
OH HO
bis salicylidene-dithiooxamide (L)
F 82
C—N N——C
o [ 1
OH HO
bis salicylidene-o-phenylenediamine (Lp)

2- Complexes of these ligands withnsition metals ions Cu (lII), Co (I1)

and Rh (Ill) are to be synthesized.

3- Characterization of these ligands and complesasy different

suitabletechniques.

Y¢
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Chapter three
Results and Discussion

(3-1)Synthesis and Characterization of Ligands and their Metals
Complexes:-

(3-1-1) Synthesis and Characterization of L » and |ts M etals Compl exes:

This ligand was prepared by fusion of Cyclohexyteamwith
Piperonaldehyden [1:1] ratio in the presence of glacial aceticdaas
catalyst. The reaction can be postulated accordmgthe general

mechanisn™” shown in Scheme (3-1).

®
I i
S : SOAE o
o <O VNHZ .
cyclohexylamine
4

piperonaldehyde

H G H e
S DN S, ==
< E%w e A .

piperonaldehyde cyclohexylimine (L, )

Scheme (3-1): Mechanism of synthesis of ligang (L

34
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The end of the reaction was confirmed by thin layer
chromatography (TLC) technique. Higher yield pradwath higher
purity of [L ]. Recrystallization solvent was ethanol fog].

Then reaction oflf,] with copper (II), cobalt (Il) as nitrate salts
and with Rhodium (lll) as chloride salt. Using alde ethanol as

solvent.

All reactions were carried out under reflux cdrmfis at least
(3 hours) to ensure completion of reaction. Newe finrystalline
complexes were obtained; recrystallization solwgas absolute ethanol

for all reactions of complexes
The physical data for the prepared ligabd][andtheir complexes

are shown in Table (3-1). Which show different mngjt points. The

colours of the complexes were useful in structdegérmination.

35
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Identification and study of these complexes werngi@ad out by
metal analysis using flame atomic absorption, neftlaspectroscopy,
ultra-violet visible spectrophotometery, magnetiasceptibility and
electric conductivity measurements. According Esthmeasurements the
chemical formulas of the prepared complexes hawn [siggested as
given in Table (3-15).

Table (3-1): Physical propertiesfor [La] and their metal complexes

Yield Metal analysis (%)
Symbol Colour m.p.(C°)
(%) Calc. Found
La Deep brown 64 75.8 - -
LAoCu(ll) | Brownish-Green | 138-140 72 9.02 9.52
LaCo(ll) Gray 110 Dec. 70 8.22 8.94
LaRh(I1l) | Reddish brown 198 Dec. | 735 13.52 13.85

Dec. = Decompose

Table (3-2) shows the solubility of the prepangdnhd[L o] and its

metals complexes in different solvents.

Table (3-2) Solubility of the[L a] and their metals complexesin different solvents

at room temperature.

Symbol | DMF | DMSO | H,O | Acetone | CH3OH | CH,Cl, | CHCI3 | CeHg | CCly
La + + - - + + + + +
LaCu(ll) + + - - + - + - -
La Co(I1) + + - + + - - - -
LaRh(II) |+ + - - + - + - -

Where (+) Soluble
(-) Insoluble

36




Chapter Three Results and Discussion

(3-1-2) Synthesis and Characterization of Lg and Its Metals Complexes:

The condensation reaction of 2,4-dichloroaniline thwi
salicylaldehyde in [1:1] ratio in the presence ¢dcgpl acetic acid as
catalyst., resulted in the preparation of the l@jflrs]. The reaction can
be postulated according to the general mechafshown in Scheme
(3-2).

ﬁ/—\ @ I

2,4-dichloroaniline

H
OH
H\Cg,H cl I @l
C| >: Proton _ CH | cl
CHTN Cl =~
U H
b Exchange OH
OH

-H,0 || CH,CO0

Salicylidene-2,4-dichloroaniline ( Lg)

Scheme (3-2): Mechanism of synthesis of ligang) (L
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Chapter Three Results and Discussion

The end of the reaction was confirmed by thin layer
chromatography (TLC) technique. Higher yield pradwath higher
purity of [Lg]. Recrystallization solvent was absolute ethano[ f@i.

Then reaction ofl]g] with copper (l1), cobalt (II) as nitrate saltscan
with Rhodium (lIl) as chloride salt, using hot alte ethanol as solvent,

with addition of few drops of pH buffer (9).

All reactions were carried out under refaonditions at least 3 hours
to ensure completion of reaction. New fine crystallcomplexes were

obtained; recrystallization solvent was absolulbeeol for all reactions
The physical data for the prepared ligdng] pnd their complexes

are shown in Table (3-3). Which show different mgjtpoints.The

colours of the complexes were useful in structdedérmination.
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Chapter Three Results and Discussion

Identification and study of these complexes wengi@ad out by
metal analysis using flame atomic absorption, neftlaspectroscopy,
ultra-violet visible spectrophotometery, magnetiasceptibility and
electric conductivity measurements. According Esthmeasurements the
chemical formula of the prepared complexes has baggested as given
in Table (3-15).

Table (3-3): Physical propertiesfor [Lg] and their metal complexes

Yield Metal analysis (%)
Symbol Colour m.p.(C°)
(%) Calc. Found
Ls Pale green 75 77 - -
LsCu(ll) Brown 190-192 | 74 10.06 10.85
Ls Co(Il) Y ellowish green 150 - 152 80 8.66 9.45
Ls Rh(lIl) Red 210- 212 76 14.57 14.95

Table (3-4) shows the solubility of themead ligandlg] and its

metals complexes in different solvents.

Table (3-4) Solubility of the [Lg] and their metals complexesin different solvents

at room temperature.

Symbol DMF | DMSO | H,O | Acetone | CH30H | CH.CI, | CHCI3 | CgHg | CCly
Le -+ + - -+ -+ -+ + + +
L Cu(ll) + + - + - + + - +
Lg Co(ll) + + - - - - - - -
Ls Rh(I11) + + - + - - - - -

Where (+) Soluble
(-) Insoluble
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Chapter Three Results and Discussion

(3-1-3) Synthesis and Characterization of L and Its Metals Complexes:

The condensation reaction dithiooxamide with salicylaldehyde
in [1:2] ratio in the presence of glacial aceticdaas catalyst. Resulted in
the preparation of the ligand . The reaction can be postulated

according to the general mechanf{&fishown in Scheme (3-3).

O/—\ gDH H,N /S
i o Cn\/\c/
C H H C—H |
Cr de Gy
OH Ethanol Abs. OH S/ \NH2
Salicylaldehyde Dithiooxamide
4
y
H.® H H S s
e SEE
3 N1 ™o I 1

CH _'T —C—C—NH Proton _ CH _T_C_C_NHz
@[ bH Exchange @E H
oH W OH
©

-H,0|| CH ;c00

s s
il

T
: C=—N —C—C—NH
OH

The same
steps occure
on another

[N

nitrogen
'
S
\}:_C//

bis Salicylidene-dithiooxamide (Lc )

Scheme (3-3): Mechanism of synthesis of ligang (L
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The end of the reaction was confirmed by thin layer
chromatography (TLC) technique. Higher yield pradwath higher
purity of [L¢c]. Recrystallization solvent was absolute ethanol .

Then reaction ofl]¢] with copper (ll), cobalt (II) as nitrate salts and
with rhodium (11l) as chloride salt, using hot ahge ethanol as solvent,

with addition of few drops of pH buffer (9).

All reactions were carried out under refaonditions at least 3 hours
to ensure completion of reaction. New fine crystallcomplexes were
obtained; recrystallization solvent was absoluteetl for all reactions

of complexes
The physical data for the prepared ligengl and their complexes

are shown in Table (3-5). Which show different mgjtpoints.The

colours of the complexes were useful in structdegérmination.

41



Chapter Three Results and Discussion

Identification and study of these complexes werngi@ad out by
metal analysis by using flame atomic absorptiofraned spectroscopy,
ultra-violet visible spectrophotometery, magnetiasceptibility and
electric conductivity measurements. According Esthmeasurements the
chemical formulas of the prepared complexes hawn [siggested as
given in Table (3-15).

Table (3-5): Physical propertiesfor [Lc] and their metal complexes

Yield Metal analysis (%)
Symbol Colour m.p.(C°)
(%) Calc. Found
Lc Yellowish brown | 260 Dec. 62 - -
Lc Cu(ll) Deep brown 280 Dec. 75 13.59 13.35
LcCo(ll) | Yelowish green | 270 Dec. 78 11.02 10.85
LcRh(I1) Deep brown 290 Dec. 72 18.36 18.11

Dec. = Decompose

Table (3-6) shows the solubility of the paegal ligand [ ¢] and its

metals complexes in different solvents.

Table (3-6) Solubility of the [Lc] and their metals complexes in different solvents

at room temperature.

Symbol | DMF | DMSO | H,O | Acetone | CHsOH | CH.Cl, | CHCIs] C¢He | CCly
Lc + + - - - + + - -
LcCu(ll) + + - - - - + + -
LcCo(ll) + + - + - - + + -
LcRh(I) |+ + - - + - + + +

Where (+) Soluble
(-) Insoluble
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Chapter Three Results and Discussion

(3-1-4) Synthesis and Characterization of L and Its Metals Complexes:

The condensation reaction ofo-phenylenediamine with
salicylaldehyde in [1:2] ratio in the presence ¢dcgpl acetic acid as
catalyst resulted in the preparation of the lighrg]. The reaction can be
postulated according to the general mechafShshown in Scheme
(3-4).

@
9 OH
Il @ Il
C—H H Cc —H
+
Ethanol Abs.

OH CH O-phenylendiamine

Salicylaldehyde

H H
?%9/ Cl)H ®Q
| Proton CH —NH NH 2
CH —N NH 2 @E |
@[ | Exchange oH H
H

The same
steps occurre

on another
nitrogen

bis salicylidene o-phenylenediamine (Lp)

Scheme (3-4): Mechanism of synthesis of ligans).(L
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The end of the reaction was confirmed by thin layer
chromatography (TLC) technique. Higher yield pradwath higher
purity of [Lp]. Recrystallization solvent was absolute ethano[ i

Then reaction ofl]p] with copper (ll), cobalt (II) as nitrate salts and
with rhodium (11l) as chloride salt, using hot ahge ethanol as solvent,

with addition few drops of pH buffer (9).

All reactions were carried out under refaonditions at least 3 hours
to ensure completion of reaction. New fine crystallcomplexes were
obtained recrystallization solvent was absolutambhfor all reactions of

complexes
The physical data for the prepared ligengl and its complexes in

Table (3-7). Which show different melting point$ie colours of the

complexes were useful in structural determination.

44



Chapter Three Results and Discussion

Identification and study of these complexes werngi@ad out by
metal analysis by using flame atomic absorptiofraned spectroscopy,
ultra-violet visible spectrophotometery, magnetiasceptibility and
electric conductivity measurements. According Esthmeasurements the
chemical formulas of the prepared complexes hawn [siggested as
given in Table (3-15).

Table (3-7): Physical propertiesfor [Lp] and their metal complexes

Yield Metal analysis (%)
Symbol Colour m.p.(C°)
(%) Calc. Found
Lo Yellow range 164-166 90 - -
Lo Cu(ll) Brown 290 85 15.29 14.96
Lo Co(ll) Bright green 283 79 11.36 12.42
Lo Rh(lIT) Red >300 87 11.97 11.58

Table (3-8) shows the solubility of the pegxl ligandLp] and its

metals complexes in different solvents.

Table (3-8) Solubility of the [Lp] and their metals complexesin different solvents

at room temperature.

Symbol DMF | DMSO | H,O | Acetone | CHsOH | CH.Cl, | CHCI3 | C¢Hs | CCly
Lo -+ + - -+ -+ -+ + -+ -
Lo Cu(ll) + + - - + - + + -
Lo Co(Il) + + - - + - - - -
Lo Rh(lIT) + + - + + - - - -

Where (+) Soluble
(-) Insoluble
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Chapter Three Results and Discussion

(3-2) Infra-Red spectra:-
The FT-IR spectra were taken for the prepared ¢exes and

compared with those of their respective ligands frileasurements were
carried out for each compound in solid state as HBc in the range
(4000-400) cn.

(3-2-1) The FT-IR spectra of [L »] and their metal Complexes: -

The ligand [ls] has the azomethine group. In general azomethine
group (\/C=N— ) absorption occursthe region (1610-1680)
cm* depending on the nature of groups linked &t

The F.T.IR spectra of the ligand AJl. Figure(3-1), Table(3-9),
showed the absence of the band at (1690)cdue to the carbonyl
v(C=0) also absence two bands at (3400"cand (3340 cm) due to
asymmetrical and symmetrical af(NH,) stretching vibratiofi? of
starting material, and a strong new band appeared a
(1639 cni) assigned to azomethin( c=—~— ) linkageThe
bands appeared at (2821 Bmand (1396 cm) were due tov(C-H)
aldehyed stretching and bending vibration frequeespectively®?.

The band ab (1600 crit) was assigned to th€C=C) of aromatic
ring stretching frequenc{?®. Other band shown at (2925 ¢mwas
assigned to the aromatigC-H) stretching frequency, the out of plane
v(C-H) bendingvibration was appeared at (723 tf". Another set of
bands were also observed at (1255"crand (1035 ci) due to the
asymmetrical and symmetricalv(C-O-C) stretching vibrations
respectively’?. And the bands at (2850¢Pand (1444 cif) refer to the
v(C-H) of cyclohexyl ring stretching and bending nation frequency
respectively®®.
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Chapter Three Results and Discussion

The compound containing azomethine groupowshbasic
coordination behavior toward metal ions coordirmgtina the nitrogen
atoms, this coordination shifts the stretching @y of
( _e=n~— ) group either toward héghfrequency in some
complexes® ") or toward lower frequency in othé?%

The increase in frequency may be due te $multaneous
strengthening of the (\/C=N— )ndodue to an increase in both
sigma overlap and electrostatic attraction whicpdssible on account of
the coordination of the azomethine nitrogen to frieta’®. The decrease
in frequency indicates a decrease in the stretciamge constant of
( \/C:N— ) group as a consequence of the coordination tliroug
azomethine nitrogen. The double bond character detwcarbon and

nitrogen is reduced®.

A- Spectrum of the Copper (I1) Complex [LACu (11)]:-

The F.T.IR spectrum ofL[\Cu(ll)] complex, is shown in Figure
(3-2), The strong band af( \/C=N— ) stretching band in the free
ligand [La] at (1639) crit for the azomethine group was splitted and
shifted to lower frequency and appeared at (1609¢Mm ’® when
formation of complex, This means that coordinatimay took place
through nitrogen of azomethine grétip*?

The three bands were absorbs at (1379, 1328%%) cni refer
to unidentate nitrate group (NPto the metal atoms, and sharp band
appeared at (1762 chindicate the presence of nitrate ion Y@ut of
the coordination sphere in the structtifé Furthermore, new bands have
been observed around (511, 426)‘cmvhich are due tov (Cu-N),

v (Cu-O¥"™ ¥ respectively, A medium sharp band which appeated
(784 cm) indicate the presence of,® in the lattice molecules of the

structurev (Cu-OHp) 2.
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Chapter Three Results and Discussion

Also broad band which appeared at (3539'kcmefer to the
presence of water molecules out of the coordinasphere in the
structure of [laCu(ll)] complex™ ™) Table (3-9) shows the most
characteristic band of JCu (Il)].

B- Spectrum of the Cobalt (11) Complex [LACo(l1)]:-

The F.T.IR spectrum of [Co(ll)] complex, is shown in Figure
(3-3), The stretching frequency of azomethine growgs splitted and
shifted to a lower frequency by (31 ¢n and appeared at
(1608 cnt) » "® |ndicating the coordination through nitrogen of
azomethine groufy> 2

Furthermore the appearance of new weak low frequéand at
(451 cn), this was assigned to(Co-N) vibratiorand the observation at
(406 cm') indicated the participation of oxygen in the cdexp
(Co-0) ™ ™) The bands at (1446, 1313 and 925)*creferred to
unidentate nitrate group’.

A medium sharp band which appeared at (846)dmdicates the
presence of bD in the lattice molecules of the structuréCo-OH) 2,
Also broad band which appeared at (3606'cnefer to the presence of
water molecules out of the coordination sphere ha structure of
[LACo(I1)] complex’ ™ Table (3-9) shows the most characteristic band
of [LACo (I1)].
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C- Spectrum of the Rhodium (111) Complex [LaRh (I11)]:-

The F.T.IR spectrum of [{Rh(lll)] complex, is shown in Figure
(3-4) which shows the shifting of azomethine bama tower frequency
and appeared at (1616 ¢ri’>’® This indicates the participation of
azomethine-nitrogen with Rh (lI1) idf* &2

A strong sharp band which appeared at (887)cimdicates the
presence of kD in the lattice molecules of the structuréRh-OH,) 2,
Also abroad band which appeared at (3483)crafer to the presence of
water molecules out of the coordination sphere hia structure of
[LARh(I11)] compleX™ ™) The new band at (547 chhcan be attributed
tov (Rh-N) ", And another band observation at (457 ¢indicated the
participation of oxygen in the complex (Rh-&). Table (3-9) shows the

most characteristic band of JRh(II1)].

(3-2-2) The FT-IR spectra of [Lg] and their metal Complexes: -

The F.T.IR spectrum of f] is shown in Figure (3-5), which shows
the following characteristic band&:broad band appearing at (3456 9m
has been assigned to stretching vibration of tltedgen bonded of (OH)
group in the ligand [§]. A broad band was observed at (665m
assigned to the hydrogen bonded out-of the planéOeifl) bending
vibration ®® ®2 The medium to strong intensity bands appear at
(1280 cn) which assigned to the phenolic (C‘8)°? stretching mode
The band at (1614 chis due to (\/C=N— ) azomethine group
stretching and (1554 ¢h due to the presence of (C=C) of aromatic
system®. The two strong band at (788 and 819)'care due to the

ortho and para substitution respectivély
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Thev(C-H) of the aromatic moiety appeared around (2a18) in
the free ligand’®, The out of plane(C-H) aromatic bendingibration
was appeared at (748 ¢jif?.

The bands appeared at (2320%crand (1396 ci) are due to
v(C-H) aldehyed stretching and bending vibrationseqfiency
respectively®®. Table (3-10) shows the most characteristic badisg].

A- Spectrum of the Copper (I1) Complex [LgCu(l1)]:-

The most significant difference between the F.Tdpectrum of
[Lg] ligand and the complex, as shown in Figure (3w@s the shift of
(C=N) stretching frequency to lower frequency b ¢hi') and appear at
(1604 cnt) * ’® due to metal-ligand coordinatidft' 3. The v(C-O)
frequencywhich was changed from (1280¢nto (1325crit) after
complexation with central metal i6f ®¥this indicates displacement the
metal ion by the hydrogen-pher& and improves comes from no bands
were observed at (667 and 3454) 'ciwhich are due to out of plane O-H
bending and O-H stretching vibration.

The strong sharp band at (829 Hnindicates the presence of®
moleculess (Cu-H,0) in the coordinationf [LgCu(ll)] complex 2,

The new bands which have been observed aroundgb33155)
cm®* were attributed te (Cu-N),v (Cu-O) respectivel{’?, Table (3-10)
shows the most characteristic bands @u (I1)].

B- Spectrum of the Cobalt (I11) Complex [LgCo (I1)]:-

The F.T.IR spectrum of complex dCo (I)] is shown in Figure
(3-7), Shows the shifting of(C=N) to a lower frequency by (10 &n
and appear at (1604 &n'®> "® indicating the coordination through
nitrogen of azomethine grouf” ® The v(C-O) frequencywhich was
changed from (1280cf) to (1325cr) after complexation with central

metal iorf® ®) this indicates displacement the metal ion by the
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hydrogen-phenof’®. These observations indicated the participation of
both oxygen and nitrogen in the comp{eX

A strong sharp band which appeared at (729)cimdicates the
presence of bD in the lattice molecules of the structuréCo-OH) 2,
Also abroad band which appeared at (3421)crafer to the presence of
water molecules out of the coordination sphere hia structure of
[LsCo(ll)] complex™ ™

The bands at (524 and 450) trwan be attributed to (Co-N) and
v (Co-O) respectivel{/*. Table (3-10) contains the most characteristic
bands of [lgCo (I1)].

C- Spectrum of the Rhodium (111) Complex [LgRh(I11)]:-

In the spectrum of [§Rh (lll)], is shown in Figure (3-8),
azomethine group(C=N) absorption frequency was shifted to a lower
frequencyand appear at (1604 &n'* ’® indicating the coordination
through azomethine nitrogéh 2. The v(C-O) frequencywhich was
changed from (1280cf to (1330crt) after complexation with central
metal iorf® ®) this indicates displacement the metal ion by the
hydrogen-phenol, these observations indicated #énecpation of both
oxygen and nitrogen in the compléX. The two bands corresponding to
O-H bending and O-H stretching frequencies disagmguean the
[LsRh(II1)] spectrum. The bands at (570 and 447)'cam are attributed
tov (Rh-N)" (Rh-OY® respectively. A broad band which appeared
at (3422 crit) refer to the presence of water molecules out of the
coordination sphere in the structure ofgRh(Ill)] complex 3 ™
respectively. Table (3-10) contains the most charatic bands of

[LgRh (I1].
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(3-2-3) The FT-IR spectra of [L ] and their metal Complexes: -

The F.T.IR spectrum of [{l is shown in Figure (3-9), which shows
the following characteristic bands: A broad banpesping at (3450 cii)
has been assigned to stretching vibration of tltedgen bonded of (OH)
group in the ligand [f]. Also the band observed at (651 Bmwas
assigned to the hydrogen bonded out-of the planéOeid) bending
vibration®® 2

The strong band at (1622 dnis due to azomethine group
v( \/C=N— ) stretching frequency anthe bands appear at (1566,
1494 and 1475) ciirefer to v(C=C) aromatic ring band€®. The
important absorption at (1585, 1598 Bnin spectrum of ligand was
assigned tothioamide band (I)[v(C=N) (major) + & (NH)]®°.
The thioamide band (II) due tos [(CN) (major) +v (C=S)] which
appeared around (1463- 1468) trim the free ligand and its metal
complexes. The thioamide band (lll) is strong bapdeared at (1178 ¢m
) due tov(C=S) stretching frequency which was shifted tohkig
frequency up on complex formatiofi®. The thioamide bandIV)
appeared at (705 cthwas due tov(C-S)®”in free [LC] ligand. Also the
assign about (908 ¢ which was attributed to the (N-C-S)
group ® 8)in free [LC] ligand. Thev (C-H) of the aromatic moiety
appeared around (3056 ¢nin the free ligand®, The out of plane
v(C-H) aromatic bendingibration was appeared at (738 Bf". The
medium intensity band appear at (1278'¢mwhich assigned to the
phenolic (C-0)®* 8V stretching mode The sharp strong band at
(752 cm') is due to the ortho substitutiéfy. The bands appeared at
(2852 and 2900) cih stretching vibration frequency due tgC-H)
aldehyede and at (1407 ¢jndue to bending vibration frequency of the
same ban#?. Table (3-11) shows the most characteristic bafidlsd].

52



Chapter Three Results and Discussion

A- Spectrum of the Copper (I11) Complex [LcCu (11)]:-

The F.T.IR spectrum of HCu(ll)] complex, is shown in Figure
(3-10) which show the shifting of azomethimg€=N) band to a lower
frequency and appeared at (160434 © this was indicating the
coordination through of azomethine-nitrogen with @y ion > #The
v(C-0) frequencywhich was changed from (1278 ¢nto (1355 crif)
after complexation with central metal (6h % this indicates
displacement the metal ion by the hydrogen-ph&Rolwhich indicates
the coordination of the oxygen with the Cu (lI) {61

The presence of new weak band observed at (557) and
(457 cm) which assigned to (Cu-N) andv (Cu-O) respectivel§.

A medium band which appeared at (622 'fnindicates the
presence of kD in the lattice molecules of the structuréCu-OH) 2,
And another abroad band which appeared at (3398 cefer to the
presence of water molecules out of the coordinasphere in the
structure of [lcCu(ll)] complex”® ™ . Table (3-11) shows the most

characteristic bands of {Cu(ll)].

B- Spectrum of the Cobalt (11) Complex [Lc Co (11)]:-

The spectrum of [¢Co (II)] complex, is shown in Figure (3-11),
which show the azomethingC=N) band to be shifted to lower frequency
by (22) cm' and appeared at (1600 &% ™ Indicating the interaction
of the metal ion with the azomethine-nitrogén 2 The v(C-O)
frequencywhich was changed from (1278 ¢nto (1325 cril) after
complexation with central metal i6f ®¥this indicates displacement the
metal ion by the hydrogen-phenol, which indicatesdoordination of the
oxygen with the Co (I1) ioff®.

The presence of two new weak band observed at §565460)

cm® refer tov(Co-N) andv(Co-O) bands respectivel{ ™)
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A medium band which appeared at (630)dmdicates the presence
of H,O in the lattice molecules of the structurgCo-OH,) . And
another abroad band which appeared at (3218 cefier to the presence
of water molecules out of the coordination spherahe structure of
[LcCo(ll)] compleX’™ ™. Table (3-11) shows the most characteristic
bands of [lCo (I1)].

C- Spectrum of the Rhodium (111) Complex [LcRh (111)]:-

In the spectrum of [¢Rh(III)], is shown in Figure (3-12), which
shows the azomethine absorption frequency was eshiftto
(1610 cnt) > ™ indicating the coordination through nitrogen atof
azomethine group™ ®) The v (C-O) frequency was changed from
(1249 cnt) to (1348 crit) “® 8 this blue shift indicates the coordination
through oxygen of phenolic gro{ff, and this improved disappearing the
two bands corresponding to O-H bending and O-Hdineg frequencies
in the [LcRh (111)] spectrum. The new bands appeared at @2 460)
cm'can are attributed to (Rh-N) ", v (Rh-O) " respectively. A
medium sharp band which appeared at (667)dndicates the presence
of H,O in the lattice molecules of the structurgRh-OH) . And
another abroad band which appeared at (3359 cefier to the presence
of water molecules out of the coordination spharéhe structure of [¢
Rh (I1) ] complex™ ™. Table (3-11) contains the most characteristic
bands of [k Rh (lll)].
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(3-2-4) The FT-IR spectra of L and their metal Complexes:

The F.T.IR spectrum of H] is shown in Figure (3-13), which
show the following characteristic banda: broad band appearing at
(3360 cn) has been assigned to stretching vibration of yxdrogen
bonded of (OH) group in the ligandd]. A sharp band was observed at
(630 cm') assigned to the hydrogen bonded out-of the ptdn@-H)
bending vibratio®® 2 The strong intensity band appear at (1276)cm
which assigned to the phenolic (C-O) " ® stretching vibration
frequency

The band at (1612 cHuis due tov ( ~c=—w~— ) azomethine
group stretching vibration frequency, the bands8§151560 and 1481)
cm* due to the presence of(C=C) of aromatic ring systeff®. The
strong band at (746 chhis due to the ortho substituti6f.

Thev (C-H) of the aromatic moiety appeared around (3BG536)
cm® in the free ligand and its metal compléX8sThe out of plane
v (C-H) aromatic bendingibration was appeared at (759 tf".

The bands appeared at (2830"cand (1361 cm) due tov (C-H)
aldehyde stretching and bending vibration frequerespectively®©?.
Table (3-12) shows the most characteristic bandlsgf
A- Spectrum of the Copper (11) Complex [Lp Cu (I11)]:-

The F.T.IR spectrum of BCu (II)] complex, is show in Figure
(3-14), which show the stretching frequency of aetinme v (C=N)
group was shifted to lower frequency and appeard&98 crit) % ©)
this indicate the participation of azomethine rggn > #Thev (C-0)
frequency was changed from (1276 9ro (1338 crit) ®® #) this blue
shift indicates the coordination through oxygemloénolic group™, and
this improved disappearing the two bands corresipgnd O-H bending

and O-H stretching frequencies in the@u (I1)] spectrum.
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The presence of new weak band observe@36 cnt) and
(441 cm®) which assigned to (Cu-N) andv (Cu-O) respectivel§”. A
medium sharp band which appeared at (617)dndicates the presence
of H,O in the lattice molecules of the structure ofpQu (II)]
v(Cu-OH,) . Table (3-12) shows the most characteristic bands of
[LoCu (ID)].

B- Spectrum of the Cobalt (I11) Complex [Lp Co (11)]:-

The spectrum of [Co (II)] complex, is shown in Figure (3-15),
which show the azomethine (C=N) band to be shifted to lower
frequency appeared at (1607 B> ™. Indicating the interaction of the
metal ion with the azomethine-nitrogéft' #2. The v(C-O) frequency
which was changed from (1276 ¢jrto (1330 crit) after complexation
with central metal io® ®¥this indicates displacement the metal ion by
the hydrogen-phenol, which indicates the coordamatif the oxygen with
the Co (I1) ion{™.

The presence of tow new weak band observed at §54l11464)
cm’* refer tov (Co-N) andv (Co-O) bands respectivel§ ™)

A medium sharp band which appeared at (688)dndicates the
presence of kD in the lattice molecules of the structuréCo-OH) 2,
And another abroad band which appeared at (3450 cefer to the
presence of water molecules out of the coordinasphere in the
structure of [loCo(Il)] complex” ™ Table (3-12) contains the most

characteristic bands of {iCo (ll)].
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C- Spectrum of the Rhodium (111) Complex [Lp Rh (111)]:-

In the spectrum of [Rh (lI)], is shown in Figure (3-16), which
show the azomethine (C=N) band absorption frequency was shifted to
(1604 cnt) > ' indicating the coordination through nitrogen atofm
azomethine grouf® ® Thev(C-0) frequencyvhich was changed from
(1278 cnt) to (1319 crit) after complexation with central metal (6h®®
this indicates displacement the metal ion byltygrogen-phenol, which
indicates the coordination of the oxygen with tHgIR) ion ®, and this
improved disappearing the two bands correspondir@-H bending and
O-H stretching frequencies in thep[Rh (II1)] spectrum. The new bands
appeared at (536 and 468)tran is attributed to (Rh-N)"", (Rh-0)"®
respectively. A broad band which appeared at (3#00) refers to the
presence of water molecules out of the coordinasphere in the
structure of [lg Rh (111)] complext® " Table (3-12) contains the most
characteristic bands of fIRh (l1)].
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Table (3-9): The most significant bands of F.T.IR spectra of [L ] and their metal

complexes in (cm™):

Symbol v(C=N) [ v(C-O-C) | v(C-H) | v(C=C) | v(C-H) | v(M-N) | v(M-O)
Alkyl Arom. | Arom.
ring
La 1639 (1035) 2850 1600 2925 _ _
(1255)
LaCu(ll) 1608 (1035) 2981 1525 3002 453 426
(1259)
LaCo(ll) 1608 (1035) 2983 1525 3002 451 406
(1259)
LaRh(I11) | 1616 (1033) 3020 1596 3072 547 457
(1253)

Table (3-10): The most significant bands of F.T.IR spectra of [Lg] and their

metal complexes in (cm™):

Symbol v(O-H) | v(C=N) | Phenolic | v(C=C) v(C-H) | Ortho | Para | vM-N | v(M-O)
v (C-0) Arom. Arom. sub. sub.
C-Cl | c-Cl
Ls 3454 | 1614 1280 1554 2758 748 819 _ _
LgCu(ll) - 1604 1325 1579 3012 754 829 | 530 455
LsCo(Il) - 1604 1325 1531 2877 750 850 | 524 450
LsRh(lI1) - 1604 1330 1521 2923 756 827 | 570 447

58




Chapter Three

Results and Discussion

Table (3-11): The most significant bands of F.T.IR spectra of [Lc] and their

metal complexes in (cm™):

Symbol | somethane Thioamide Thioamide Thioamide | Thioamide | Phenolic | v(M-N) | v(M-O)
Bands Band (1) Band (1) Band (I11) Band (1V) v (C-0)
v (C=N) V(C=N)+3(N | v(C=9+v(C=N) | v(C=9) v(C-9
H)
Lc 1622 1585 1463 1178 705 1278 _ _
1598
LcCu(ll) 1604 1586 1467 1220 703 1355 o957 457
LcCo(ll) 1600 1583 1465 1188 706 1325 565 460
LcRh(11T) 1610 1589 1468 1207 707 1348 520 460
Table (3-12): The most significant bands of F.T.IR spectra of [Lp] and their
metal complexes in (cm™):
Symbol v (O-H) | v(C=N) Phenolic | v(C=C) v(C-H) | Ortho | v(M-N) | v(M-O)
v (C-0O) Arom. Arom. sub.
Lo 3360 1612 1276 (1585) 3053 746 _ _
(1560)
(1481)
LpoCu(ll) - 1608 1338 (1577) 3053 746 536 441
(1523)
(1488)
LoCo(ll) - 1607 1330 (1579) 3056 746 541 464
(1525)
(2473)
LoRh(I11) - 1604 1319 (1521) 3053 752 536 468
(2473)
(1458)
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(3-3) Magnetic susceptibility measurements: -

Magnetic measurements are widely used in studyragsition
metal complexes. The magnetic properties are dueneopresence of
unpaired electrons in the partially filled d-orbita the outer shell of
these elements. These magnetic measurements givdeambout the
electronic state of the metal ion in the compksiso provide information
about the type of bonding and strength of ligamddfiof complexes by
giving information about the number of unpairec-eiens®?.

The resultant magnetic moment of an ion is duaotb orbital and
spin motions®®™. The magnetic moment is given by the following

equation:

Us+L = \/49(s+1) +L (L+1) B.M.

K= magnetic moment

S= spin quantum number
L= orbital quantum number
BM=927x 107 J.T*

In the determination of the electronic structurequiees
consideration of the orbital moment, for most cammpk of the first
transition series the spin-only moment is sufficieas any orbital
contribution is smafl?. So the effective magnetic spin of the complexes
was measured using spin only magnetic moment acgprtb the

following equation:

Us.0 =\/4s(s+1) B.M.

or ls.0=\ n(n+2) B.M.

Where:
S=n« (1/2), (n= number of unpaired electrons).
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The value of magnetic susceptibility of the prepacemplexes at

room temperature is calculated using the follonaggation

!’leff=2828 \V XA « T B.M.

Where:
Xa= Xy +D
X = Xg «M.wit
Where:

Xa=atomic susceptibility.
Xv = molar susceptibility.
X =mass susceptibility.
D = Correction factor.
M.wt = Molecular weight of complex.
T = Temperature in Kelvin (°C +273)
ueff =Effective magnetic moment
Also the value of X can be calculated by the following
relationships:
C.l. (R-RY
(mz-ml)*lo9

Xg

Where:

C= Calibration constant.

I= Length of the sample in the tube.

R= Reading of tube with sample.

R=Reading of tube empty.

m=Weight of tube with sample.

m=Weight of tube empty.

Table (3-14) shows the experimental values afmetic moment
which were usually greater than the calculated evabf magnetic

moment.
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(3-4):Study of the €dectronic spectra and conductivity
measurements of ligands and their metal complexes:-

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 né&f and visible region.

Charge transfer spectra are due to transitions dsgtwnetal and
ligand. Study of electronic spectra of complexdp methe determination
of structure of the complexes through the electranteraction of the
metal d-orbital and ligand orbital. In our cases #pectra were recorded
in the range (200-1100) nm,

The molar conductance values of all the complexage hbeen
measured in (DMSO) as a solvent at concentratiofl6fM) and at
room temperature (26), the molar conductivity was applied to help in
the investigation of the geometrical structurestltdé complexes and
determination electrolytic or non-electrolytic neu of the
complexeg® 9
Table (3-13) show the positions of electronic apson bands and their
transitions and also include the calculated valole Racah parameter
(B), 10Dq and nephelauxetic factop), Table (3-14) show molar
conductivity measurements for prepared complexesah temperature
and the suggested structure for each complex, thectsres were
suggested for the prepared complexes accordinhgaqosition of the
infra-red spectra, electronic absorption bands,mato absorption,
magnetic properties and electric conductivity meedufor these

complexes.
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(3-4-1): Electronic Spectra of theLigands L, Lg, Lc and Lp:-

The Electronic spectra of Schiff bases ligandsUN-{is) region
in DMSO solvent at (18M) have been generally exhibit in three main
bands:

The first absorption band appeared at 249 nm (@@iié), 272
nm (36,764 cri), 322 nm (31,055 cif) and 302 nm (33,112 ¢t for
L, Ls, Lc and Lp respectively which can be attributed to -6 n)
transition for the aromatic system.

The second absorption band are attributedc te (') transition of
imines group, which appeared at 322 nm (31,055%)¢n327 nm
(30,581 crit), 359 nm (27,855 crhand 339 nm (29,498 chifor La, L,

Lc and Lp respectivel§®. These bands were not significantly affected by

chelating.

The third absorption band appeared at 848 (28,735 cr),
405 nm (24,691 ci), 415 nm (24,096 cand 392 nm (25,510 ch
In the spectra of the ligandsLLg, Lc and Ly respectively are assigned
to (noxn’ transition ®.Which are shifted to a longer wavelength
(red shift) upon formation of the complexes. Thigtsmay be attributed
to the donation of the lone pairs of the nitrogéame of the Schiff base
to the metal ion (N>M) @7,

Figures (3-19), (3-23), (3-27) and (3-31) showlthéVis. Spectra

of the new ligands A, Lg, Lc and L. Table (3-13) contains the position
and assignment of the absorption bands.
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(3-4-2) Electronic Spectra of the L, Complexes:-

A- UV-Visible Spectrum of the Cu (1) complex (L nCu(l1)):-
Electronic spectrum of complex ACu(ll)) is shown in

Figure (3-20), Table (3-13). The brownish greeroc@ attributed to the

single broad absorption band in the region (11,0000 cri)®, the d

lon is characterized by large distortion from oe@htal geometry.

Octahedral complex for Cu (Il) usually have threands but
unfortunately these bands can not be clearly asdigthis difficulty is
due to the greater overlapping of the bands, whsimlly occurs in the
case of Cu (Il) complexes.

In the present work, the brownation greepnGL)complex show a
broad band at (16077 ¢ which can be assigned tBi,— °E,
transitions , this band refers to highly distortectahedral geometry
(Jahn-Teller distortionf* ®. Which strongly favor the square planar
geometry.

The free ion grourD term is expected to spilt in a crystal field in
the same way as thB term of the dion and a similar interpretation of

the spectra is likewise expected , and accordirigedollowing * %%

Freeion Octahedral Tetragonal
Crystal field Crystal field

Scheme (3-5): Crystal field splitting of the ?D term of a d® ion.
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The magnetic moment value at room temperature isfdbmplex
is (1.21 B.M) lower than 1.73 B.M which is indicdtéhe formation of
square planar geomeff). Conductivity measurements show that the
complex is ionic Table (3-14), from these resuttd &ghat of FT-IR study

the suggested structure is as follows:

Cu ) NO; . 2H,0
Q / \ ’
/N OH,
o_ O
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B- UV-Visible Spectrum of the Co(Z7) complex (L Co(l1)):-

Electronic spectra of cobalt (II) complex Figure2B) show three

transitions, but these transitions can not be assigbecause of the
greater overlapping of théfri" %®)

The term symbol for the ground state of Co(ll) fhwhich can
split in octahedral crystal field as follo{%S®

{2 4T.9 (P)
A
4
A,g (F)
) A
7,9 (F)
:/ A
4 . V,
sss \"2
\\\\ \'1 4
T.9 (F)

Scheme (3-7): Crystal field splitting of the *F term of ad” ion.

So their are three allowed transitions could bacedtwith octahedral

geometry of Co (I1) complexe¥?.

“T.g (F)— *T,g (F)v; 7500 — 12000 cih
“T.g (F)— *A,g (F)v, 14000 — 16000 cth
*“T.g (F)— “T1g (P)vs 18000 — 21000 cih

In the present work two bands appear; one at 923cHi') and the
other at (20,260 cr) which were assigned to the transitionsandvs
respectively.

The value ofv; was calculated using Tanabe-Sugano diagram for
d’ system, figure (3-17) and found to be (6715'tmwhich refer to
*T.g (F)— “T.g (F) transition. The different ligand field paraers have
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been calculated using the same diagram, the resuéisfound in
Table (3-13). The calculated neuphelauxetic faffiprwas of the value
(0.95), this high value refer to the high ionic &wer of the bonding
between the cobalt and the donor atom of the ligesmich reflect on the
weakness of the ligand fieftl
Octahedral cobalt (II) complex however maintain large

contribution due to’F ground term and exhibiteff in the range
(4.8- 5.2 B.M)*. The magnetic moment of theCo(ll)) complex was
(4.92 B.M), which show the complex to be paramaigreatd have three
unpaired electrons indicating a high-spin octahexbrafiguration.

The formula was further confirmed to be nontedoy conductivity
measurement, Table (3-14).

From these results an octahedral geometrynar@o (Il) ion can be

suggested as illustrated in the following structure

ON02 N\

/om\ )
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Figure (3-17): Tanabe-Sugano diagram for d’ system.

C- UV-Visible Spectrum of the Rhodium(l 1 1YComplex(L . Rh(I11):-

Rhodium (I1) complexes exhibit two electronic spracwith spin

allowed d-d transitions. These transitions correslpoto the
[vi 'A1y — 'T1g andv, 'A;y — Ty, these bands resemble to those of
reported transitions for other hex coordinated Rinmccomplexe§™©.
Although in many instances'A;, — 'T1y and*A;y — 'T,g spin
allowed ligand field transitions to be observedsoala weak band
attributable to the spin-forbiddertA, — °T.g transition is indeed
observed in some cases in the region of (11,000004cn) (192

84



Chapter Three Results and Discussion

In the present work, the electronic spectra of igddrown of
complex, Figure (3-22) show a broad band at (20,530"), a second
band (27,660 cm) which can be assigned te;['A;; — Ty, and
voA1y, — ‘T transitions, and also weak absorption band appesr
(11,001 cm') which can be assigned to transitiols,[ — *T,4. These
transitions which agree well with low spin and dedral geometry for
this complex™ *°? The values of B 10 Dq have been calculated using
Tanabe-Sugano diagram fot siystem Figure ( 3-18 ).By fittingatio of
the frequencies v{/ v;) of the observed spin-allowed bands to the
Tanabe-Sugano diagram, which produce values ofinterelectronic
repulsion parameter Bs well as of the crystal-field splitting 10 Dq.

The low value of neuphelauxetic factgp) (is (0.57) refer to
considerable orbital overlap with strong covalemcéhe metal ligandr
bond™®®. Rhodium(lll) complex is diamagnetic which refer strong
field.

Conductivity measurements show that the complexioisic
Table (3-13), from these results and that of FTstRdy the suggested

structure is as follows:

@ N |
IO =Ty

OH, o
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Figure (3-18): Tanabe-Sugano diagram for d° system

(3-4-3) Electronic Spectra of the Lg Complexes:-
A- UV-Visible Spectrum of the Cu(Z1) complex (L gCu(l1)):-
Electronic spectra of Cu(ll) compounds show sindimad

absorption band in the region (11,000-16,000)*¢The d ion is
characterized by large distortion from octahedyahmetry and the bond

Is unsymmetrical, being the result of a numberrangitions, which are
by no means easy to assign unambiguously. Thédreground’D term
is expected to split in a crystal field as showsdheme (3-%Y %)

In the present work, the brown colorgfLu(ll)] which suggest a
strong field complex and show a broad Barnllat (15,198 ci) this
band refer to distort octahedral geometry ( JaHtefdistortion )™ %)
which can be assigned tEg —°T,g transitions, Figure (3-24), Table
(3-13).
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The value of ( p) that have been measured forgQu(ll)]
complex was (1.83 B.M.) this value is in the ramgfemononuclear
octahedral geomety*'% Conductivity measurements show the
complex to be non-ionic, Table (3-14).From thessults and that of
FT-IR study an octahedral geometry around Cu(lh) gan be suggested

as illustrated in the following structure.

L Cl |
B- UV-Visible Spectrum of the Co(17) complex (LgCo(l1)):-
The spectral behavior of this complex, Figure (3;2%ble (3-13).

was identical with that of [{Co(ll)], which also shows two bands, one at
14,886 crit and the other at (25,773 dnwhich was assigned to the
transition . ‘“Tig (F) —» “Axg (F)] and §5'Tig (F) — “Tig (P)]
respectively,v; was calculated using Tanabe-Sugano diagram for d
system and found to be (8975 &m which belong to the transition
["T2g (F)— “Tog (F)I.

The magnetic moment ofCo(ll)] complex was (4.85 B.M.), which

show the complex to be paramagnetic.
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The molar conductivity shows the complex to be loethal and to
be non-conducting, Table (3-14).
From these results and that of FT-IR stumbyduggested structure is

follows:

Cl

c” \

C- UV-Visible Spectrum of the Rhodium (111)Complex Lg Rh(111):-

The electronic spectra of brown of gRh(lll)jcomplex,
Figure (3-26), Table (3-13).show tow absorptiondah(21,520 cif), a
second band (29,600 cthwhich can be assigned te [A;;— Ty, and
vzlAlg — 1ng] transitions, and also weak absorption band appetr
(13,869 cri") which can be assigned to transitiot#s; [ — °Ty4. These
transitions which agree well with low spin and dedral geometry for
this complex® *°? The values of B 10 Dg have been calculated using
Tanabe-Sugano diagram fot system, Figure (3-18).By fittingratio of

the frequencies v§/ v,) of the observed spin-allowed bands to the
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Tanabe-Sugano diagram, which produce values ofiritexelectronic
repulsion parameter Bs well as of the crystal-field splitting 10 Dq.
The low value of neuphelauxetic factop) ((0.53) refers to
considerable orbital overlap with strong covalemcéhe metal ligandr
bond®®®. Rhodium (lIl) complex is diamagnetic which refer strong
field. Conductivity measurements show that the demps non-ionic
Table (3-14), from these results and that of FTstRdy the suggested

structure is as follows:
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(3-4-4) Electronic Spectra of the L Complexes:-
A- UV-Visible Spectrum of the Cu(ZI) complex (L cCu(ll)):-

Electronic spectra of Cu(ll) compounds show sindimad
absorption band in the region (11,000-16,000)*¢The free ion
ground’D term is expected to split in a crystal field Aswn in scheme
(3-5) (1,98)

In the present work, the deep brown color ofQu(Il)] complex
which suggest a strong field complex and show aadbrdandat
(13,123 crit) this band refer to distort octahedral geometry
(John-Teller distortion)™ °® which can be assigned f&Eg —°T.g
transition§" 3®, Figure (3-28), Table (3-13).

The value of ( i) that have been measured foe@u(ll)] complex was
(1.92 B.M.) this value is in the range of mononacleoctahedral
geometr{***1%) Conductivity measurements show the complex to be
non-ionic, Table (3-14).From these results and tfaET-IR study an
octahedral geometry around Cu (Il) ion can be ssiggkas illustrated in

the following structure .

.2 H,0
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B- UV-Visible Spectrum of the Co (17) complex (LcCo(l1)):-
The spectral behavior of this complex, Figure (3;d@ble (3-13).

Was identical with that of [¢Co (II)], which also show two bands one at
(14,500 crit), and the other at (25,316 &jrwhich was assigned to the
transition . “Tig (F) — A9 (F)] and §5'T.g (F) — “Tag (P)]
respectively.

The value ofv; was calculated using Tanabe-Sugano diagram for
d’ system, and found to be (8988 ©m which refers to
[*T.g (F)— “T.g (F)] transition, 10Dq Value was also calculatexhf the
diagram and found to be (10,930 tmeferring to a weak field state.

The magnetic moment of thedCo(ll)] complex was (4.97 B.M.).
That shows the complex is paramagnetic and has thrpaired electrons
indicating a high spin octahedral configurationeThrmula was further
confirmed to be non-ionic by conductivity measuratn@able (3-14).

From these results an octahedral gagraebund Co (Il) ion can

be suggested as illustrated in the following streect

\"/ . 6H,0
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C- UV-Visible Spectrum of the Rhodium (111)Complex LcRh(111):-

The electronic spectra of deep brown otRh (Il)] complex,
Figure (3-30), Table (3-13). Show tow absorptiondat (22,272 ci),
a second band (29,980 Tiwhich can be assigned te, [[A;y — Ty,
and v,"Ay, — T, transitions, These transitions refer to low spiystal-
field and octahedral geometry for this compfex®® The values of B
10 Dg have been calculated using Tanabe-Sugageeadiefor § system
Figure (3-18).By fittingratio of the frequenciesv{ v,) of the observed
spin-allowed bands to the Tanabe-Sugano diagramshvanoduce values
of the interelectronic repulsion parametéiaB well as of the crystal-field
splitting 10 Dq.

The low value of neuphelauxetic factof) ((0.51) refer to
considerable orbital overlap with strong covalenthe metal ligandr
bond“®®. Rhodium (lIl) complex is diamagnetic which refer strong
field.

Conductivity measurements show that thepternis non-ionic;
Table (3-14), from these results and that of FTstlRly the suggested

structure is as follow.

\ "/
4 H,0
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(3-4-5) Electronic Spectra of the L, Complexes:-
A- UV-Visible Spectrum of the Cu(ZI) complex (L ,Cu(ll)):-

Electronic spectra of Cu (lI) compounds show singk®ad
absorption band in the region (11,000-16,000)*¢th The d ion is
characterized by large distortion from octahedyahmetry and the bond
Is unsymmetrical, being the result of a numberrafngitions, which are
by no means easy to assign unambiguously. Thédreground’D term
is expected to split in a crystal field as shows¢heme (3-5} %2

In the present work, the brown colop@u(ll)] which suggest a
strong field complex and show a broad Barnflat (15,873 ci) this
band refer to distort octahedral geometry ( JaHtefdistortion ) %)
which can be assigned to’Eg —°T.g transitions, Figure (3-32),
Table (3-13). The value of {) that have been measured fopQu(ll)]
complex was (1.95 B.M.) this value is in the ramgfemononuclear
octahedral geomety* % Conductivity measurements show the
complex to be non-ionic, Table (3-14).From thessuits and that of
FT-IR study an octahedral geometry around Cu @ih) ¢an be suggested

as illustrated in the following structure:
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B- UV-Visible Spectrum of the Co(Z1) complex (LpCo(l1)):-
The spectral behavior of this complex, Figure (3;3able (3-13).

Was identical with that of [¢Co(ll)], which also show two bands one at
(14,284 crit), and the other at (25,096 &jrwhich was assigned to the
transition > ‘“Tig (F) — “A,g (F)] and {5'Tug (F) — “Tig (P)]
respectively.

The value ofv; was calculated using Tanabe-Sugano diagram for
d’ system, and found to be (8580 Bnwhich refers td'T.g (F) — “T.g
(P) transition, 10Dq Value was also calculated frthra diagram and
found to be (8,995cH) referring to a weak field state.

The magnetic moment of thedCo(ll)] complex was (4.98 B.M.).
That shows the complex is paramagnetic and has thrpaired electrons
indicating a high spin octahedral configurationeThrmula was further
confirmed to be non-ionic by conductivity measuratn@&able (3-14).

From these results an octahedral gagraebund Co (Il) ion can

be suggested as illustrated in the following streect

_N\EV_
] ]o\o | \ .6 H,0

OH,
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C- UV-Visible Spectrum of the Rhodium (111YComplex Ly Rh(l11):-

The electronic spectra of red color ofpRRh (Ill)] complex,
Figure (3-34), Table (3-14). Show tow absorptiondat (22,522 cif),
a second band (29,997 Tihwhich can be assigned te, [[A;y — Ty,
andvzlAlg — 1ng] transitions, these transitions refer to low spiypstal-
field and octahedral geometry for this compfex®® The values of B
10 Dg have been calculated using Tanabe-Sugageegigfor ¢ system
Figure (3-18).By fittingratio of the frequenciesv{ v,) of the observed
spin-allowed bands to the Tanabe-Sugano diagramshvgnoduce values
of the interelectronic repulsion parametéiaB well as of the crystal-field
splitting 10 Dq. The low value of neuphelauxetictéa ) (0.48) refer to
considerable orbital overlap with strong covalenthe metal ligandr
bond“®®. Rhodium (lI) complex is diamagnetic which refer strong
field. Conductivity measurements show that the demps non-ionic,
Table (3-14). From these results and that of FtiRly the suggested

structure is as follow.
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Table (3-13): The data of electronic spectra of the prepared compounds in
DM SO solvent at (10° M) in (cm™).

Compound | Absorption | transition B B B 10Dq 158
bands(cm™)
LA 28,735 | n—oa*
31,055 a—a* (imino)
40,160 a—n* (aromatic)
LaCu(ll) 16,077 | “Big— “Bug
’B1g— “Eg
LACo(I1) 6715 | vi"T19(F)—>"T9(F)
13,792 | v2"T19(F)—"Ag(F) 971 1927 |095|8393 |13,907
20,260 | va'T1g(F)—"*Tog(P)
LaRO(I11) 11,001 | TAyg— Ty
20,530 | vitAyg— Ty 720 (410 | 05722171 -
27,660 | v2'Aig— Ty
Lg 24691 | non*
30,581 a—a* (imino)
36,64 a—a* (aromatic)
LeCu(ll) 15,198 | *Eg—°T.g
LsCo(I1) 8975 | v1'T1g(F)—"T29(F)
14,886 | v2*T19(F)—"Ax9(F) 971 |9156 |0.94 | 11,219 | 13,734
25773 | v3*T19(F)—*To9(P)
LgRh(I11) 13869 | 'Ai— Ty
21,520 | vi'Ayg— Ty 720 | 3816 |0.53 | 23,046 -
29,600 | v2'Aig— Ty
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Lc 2409 | n—on*
27,855 a—a* (imino)
31,055 a—n* (aromatic)
LcCu(ll) 13123 | *Eg—°T.g
LcCo(l1) 8988 | vi'T19(F)—"To9(F)
14,500 | vo"T19(F)—*Asg9(F) 971 |856.8 |0.88| 11,235 | 12,852
25316 | v3'T1g(F)—*To9(P)
LcRh(I11) 22272 | vitAyg— Ty
29,980 | va'Aig— Ty 720 | 367 |051]23740 | .
Lo 25510 | n—a*
29,498 | a—a* (imino)
33,112 a—n* (aromatic)
LoCu(ll) 15,873 | ’Eg—7T.g
LoCo(1) 8995 | v, 'T1g(F)—"Tg(F)
14,284 | v, "T1g(F)—"Asg(F) 971 | 826 0.85 | 11,244 | 13,640
25096 | v3'Tig(F)—*T-g(P)
LoRh(I11) 22522 | vitAg— Ty
29,997 | va'Ayg— Ty 720 | 345 | 0.48 | 23,904 -
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Table (3-14): Magnetic moments, Conductivity and Suggested Structuresfor
Complexesof La, Lg Lcand Lpin (10° M) DM SO solvant .

Complex M agnetic moment Conducti_\l/ity Suggested sructure
peff. (B.M.) nS.cm
LaCu(ll) 121 48.5 Square planar
LACo(ll) 4.92 20.0 Octahedral
LARN(I11) Diamagnetic 42.9 Octahedral
LgCu(ll) 1.83 15.3 Octahedral
LgCo(ll) 4.85 13.4 Octahedral
LgRh(lIT) Diamagnetic 18.2 Octahedral
LcCu(ll) 1.92 16.5 Octahedral
LcCo(I1) 4.97 19.7 Octahedral
LcRh(I11) Diamagnetic 15.9 Octahedral
LoCu(ll) 1.95 20.5 Octahedral
LoCo(ll) 4.98 17.8 Octahedral
LoRh(I11) Diamagnetic 21.6 Octahedral
Where the value of mola€onductive in DMSO solvent at (£®1) as
follow *°°)
Electrolyte type
Non-
electrolyte
DMSO
11 1:2 1:3 1:4
0-20
30-40 70-80 - -
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Table (3-15): Chemical formula and the name of La, Lg, Lc and Lp and their

complexes:
Symboal Chemical formula Name
La C1sH17NO> piper onaldehyde cyclohexylimine
LACu(l) [CU(L A)o(ONO2) (H,0)].NOa.2H,0 aquonitrato bis[Piperonaldehyde cyclohexyliming]

copper (I1). nitrate. water (2)

diaquodinitrito bis [piperonaldehyde cyclohexyliming]

LACo(ll Co(L A)2(ONO,), (H20),]. 2H,0
aCo(ll) [Co(L A)2(ONO), (H20).]. 2H. cobalt (11). water (2
aquodichlor o [bis (Piper onaldehyde cyclohexylimine)]
LARN(I1T) [Rh(L A)2(Cl2)(H20),]. CI. 3H,0O _ _
rhodium (111). Chloride. Water (3).
Lg C13HgNOCI, salicylidene-2,4-dichlor oaniline
LgCu(ll) [Cu(L)2(H20)4] diaquo[bis(salicylidene-2,4-dichlor oaniline)] copper (11)
diaquo[bis(salicylidene-2,4-dichlor oaniline)] cobalt(l1).
LBCO(l |) [CO(L B)Z(H 20)2] 3H20
water (3)
di-p-chloro bigbis(Salicylidene-2,4-dichlor oaniline)
LgRh(I11) [Rhy(Lg)4(Cl),]. 4H,0 _
rhodium(l11)]. water (4)
Lc CisH12N-0,S, bis salicylidene-dithiooxamide
diaquo [bis salicylidene-dithiooxamide] copper (11)
LcCU(I I) [CULc(Hzo)g] 2H20
water (2)
Diaquo [bis salicylidene-dithiooxamide] cobalt (11).
LcCo(ll) [CoL(H,0),]. 6H,0
water (6)
aquo monochlor o [bis salicylidene-dithiooxamide]
LcRh(I1T) [RhLc H,O CI]. 4H,0 _
rhodium (111). water (4)
Lo C,oH16N20, bis salicylidene -2-phenylenediamine
LoCu(ll) [CuLp(H0),] diaquo [bis salicylidene -2-phenylenediamine] copper (11)
diaquo [bis salicylidene -2-phenylenediamine] cobalt (I1).
LpCo(ll) [CoLp(H,0),]. 6H,0
water (6)
di-p-chloro big[(bis salicylidene -2-phenylenediamine
LoRh(I11) [Rho(L 0)2(Cl)z]. 3H,0 . A Y pheny )

rhodium(l11)].water (3)
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(3-5) Conclusions: -

1- The different Schiff bases ligands which haverbprepared showed
different physical properties, the monoden&kRiff bases ligand show

the lower melting point.

2- All the prepared ligands and its complexes veatable in DMSO and
DMF solvent.

3- The brown color of Cu (Il) complexes of,lLc and Ly ligands refer

to these ligand behaves as ligands with stfiehdy with Cu (I1) ion.

4- The crystal-field splitting (10Dq) value whiclag/calculated for
Co (I) and Rh (Ill) complexes show thatre@ses when increases
number of donor atoms in the ligand (accordanghelating effect on
10Dq).

5- All prepared schiff bases ligands behaves astlg with strong filed
when complexions with Rh(lll) metal ion becatise large size of this
metal and have high oxidation state (accortbngffect of size and

charge of the metal ion on 10Dq).

6- The value of neuphelauxetic fact@) (hich have been calculated for
Co (Il) and Rh (1) complexes show that deses its value when
increase the covalent characterize betweemetal and donor atoms

of the ligand.
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(3-6) Suqgestion for future work:-

1- Synthesis of another set of transition metataplexes with the

other transition metal ions.

2- Using C.H.N. microanalysis and NMR techniquesdmplete the
identify of the structures of the Schiff bagghd and its metal

complexes which were prepared.

3- Studying the effect of change solvent in thetetsic spectrum of the
Schiff base ligand and its metal complexes whiere prepared.

4- More detailed investigation are required to edtke biological
activity of the prepared Schiff base and adl thetal complexes

against other micro-organismasexplore their activity and the synergic

effect between the metal and the ligand
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Experimental Part

(2-1) Chemicals:-

and supplied without further purification asin Table (2-1).

Chapter two
Experimental part

All the chemicals used in this work were of highest purity available

Table (2-1): The Chemicalsusetheir and purity manufacturers.

NO. CHEMICALS FORMULA STATE | PURITY | SOURCE
1 Piperonaldehyde
(Heliotropin) 0.CH2.0.CeH3.CHO | solid 99% BDH
2 | 2-Hydroxybenzaldehyd C/HeO2 liquid 98% Fluka
(Salicyldehyde)
3 2,4-Dichloro aniline CeHsNCI, Solid 99% BDH
4 Dithiooxamide H2NCSCSNH, Solid 98% BDH
5 Cyclohexylamine CeH11NH; liquid 99% BDH
6 Ortho-phenylene CeHgN2 Solid 99% BDH
diamine
7 Cupper(I1) nitrate Cu(NO3)2.3H,0 Solid 98% BDH
trihydrate
8 Cobalt (I11)nitrate Co(NOg3).6H20 Solid 99% Fluka
hexahydrate
9 Rhodium(l11) RhCl3.H,0 Solid 99% BDH
trichloride hydrate
10 Dimethyl Sulphoxide CH3SOCH3 liquid 99% BDH
(DM SO)
11 Dimethyl Formamide HCON(CH3); liquid 99% BDH
(DMF)
12 Ethanol (absolute) CH3CH,OH liquid 99.99% BDH
13 Methanol CH3OH liquid 99% Mer ck
14 Dichloro Methane CH,Cl, liquid 99% BDH
15 Acetone (CH3),CO liquid 99% Fluka
16 Chloroform CHCl3 liquid 98% BDH
17 Carbon tetra chloride CCl, liquid 98% Mer ck
18 Diethyl ether (C2H5s)0 liquid 95% Fluka
19 Benzene CeHe liquid 99% BDH
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(2-2) Techniques: -

1) Fourier Transform | nfrared Spectrophotometer (FT-1R):

The infrared spectra of the prepared compounds were recoded
using FT-IR-8300-SHIMADZU, Single Beam Path Laser. Fourier
transforms infrared spectrophotometer of Shimadzu Company as a
potassium bromide (KBr) discs in the wave length range of (4000-400)
cm™. The spectra were recorded in the laboratories of Chemistry
Department, College of Science, AL-Nahrain University. Also another
infrared spectrum of the prepared compounds were recoded using
FT-IR-8400-SHIMADZU, Single Beam Path Laser, thin film was
performed by Centra Organization of Standardization and Quality
Control.

2) Electronic Absorption spectra:

The electronic spectra of the prepared compounds were obtained
using SHIMADZU UV-Vis-160A Ultra-Violet Spectrophotometer, using
(1.0 cm) quartz cell at room temperature in the range of wave-length
(200-1100 nm).All the prepared ligands and complexes were dissolved in
(DMSO) at (10° M). These were carried out in the laboratories of

Chemistry Department, College of Science, AL-Nahrain University

3) Magnetic susceptibility measurements: -

The magnetic susceptibility values for the prepared complexes were
obtained at room temperature using (Magnetic Susceptibility Balance), of
Johnson mattey catalytic system division, England. These were carried
out in the laboratories of Chemistry Department, College of Science, AL-
Nahrain University.
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4) Metal Analysis; -

The metals content of the complexes was measured using atomic
absorption technique by PERKIN-ELMER-5000 Flame Atomic
Absorption Spectrophotometer for the determination of (Cu*?, Co*?)
metal ions at (324.8 nm and 240.7 nm) respectively. The measurments
were carried out in laboratories of Biology Department, College of
Science, Baghdad University, and using GBC-933 Flame plus Atomic
Absorption Spectrophotometer for the determination of (Rh*®) metal at
(343.5 nm) and were carried out in laboratories of Chemistry Department,

College of Science, Baghdad University.

5) Molar Conductivity: -

The molar conductivity measurements were carried out at
(25 C°) with concentration of (10 M) using Wissenschaftlich-Technische
Werkstatten 8120 Weillheem 1.0.B, Drucker-Printer instrument,
W.Germany. All the complexes were dissolved in DMSO. The
measurements were carried out in the laboratories of Chemistry

Department, College of Science, AL-Nahrain University.

6) Melting point: -

Melting point apparatus of Gallen kamp M.F.B 600.01 was used to
measure the melting points of al the prepared compounds. This was

carried out in the laboratories of Chemistry Department, College of
Science, AL-Nahrain University.
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7) Solubility:-
The Solubility of the prepared compounds was tested by using

different solvents (polar and non polar).

8- Vacuum Oven / GallenKamp / Germany.

9- Sensitive Electric Balance, Sartorius, Germany

(2-3) Preparation of the Schiff bases ligands:-®**

(2-3-1) Preparation of [L,] ligand:-

This ligand was prepared by fusion of a mixture of (1.5 g, 10
mmole) of piperonaldehyde and (1.1 ml, 10 mmole) of cyclohexyalamine
In crucible and heated on hot plate then three drops of glacial acetic acid
were added as catalyst, A solid mass was formed which was washed with
diethyl ether and recrystallized from ethanol then dried under vacuum
oven at 30C° for two days, melting point, colour and yield (%) are given
in Table (3-1).

(2-3-2) Preparation of [Lg] ligand:-

A mixture of (1.0 ml, 10 mmole) of salicylaldehyde with
(1.62 g, 10 mmole) of 2,4-dichloroaniline was dissolved in (25 ml) of
absolute ethanol. Then to this mixture three drops of glacial acetic acid
were added as catalyst, the resulting mixture was refluxed on hot plate
with magnetic stirrer for two hours, A precipitate was formed, the
precipitate was separated by filtration and washed with diethyl ether and
recrystallized from ethanol, then dried under vacuum oven at 40C° for

two days, melting point, colour and yield (%) are given in Table (3-3).
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(2-3-3) Preparation of [L¢] ligand:-

A mixture of (21 ml, 20 mmole) of salicylaldehyde and
(1.202g, 10 mmole) of dithiooxamide was dissolved in (30 ml) of
absolute ethanol. Then to this mixture three drops of glacial acetic acid
were added as catalyst, the resulting mixture was heated with stirring
under reflux for (48 hours), A precipitate was formed, the precipitate was
separated by filtration and washed with diethyl ether and recrystallized
from ethanol, then dried under vacuum oven at 40C° for two days,
melting point, colour and yield (%) are given in Table (3-5).

(2-3-4) Preparation of [Lp] ligand:-

A mixture of (1.68 mml, 16 mmole) of salicylaldehyde and
(0.865 g, 8 mmole) of o-phenylenediamine was dissolved in (25 ml) of
absolute ethanol. Then to this mixture added three drops of glacial acetic
acid as catalyst, the resulting mixture was refluxed on hot plate with
magnetic stirrer for (3 hours), A precipitate was formed, the precipitate
was separated by filtration and washed with absolute ethanol then with
diethyl ether and recrystallized from ethanol, then dried under vacuum
oven at 40C° for two days, melting point, colour and yield (%) are given
in Table (3-7).
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2-4) Preparation of the metal complexes:- ©° ¢V

(2-4-1) Preparation of the metal complexes of [La]:-

1) Copper (I1) complex [LACu (11)]:-

A Solution of (0.2089 g, 0.866 mmole) Copper nitrate trihydrate
dissolved in (10 ml) of absolute ethanol was added to
(0.4 g, 1.731 mmole) of [LA] dissolved in (15 ml) of absolute ethanol. The
mixture was refluxed with stirring for three hours, the resulting
precipitate was filtered and washed with diethyl ether and recrystallized
from hot ethanol then dried under vacuum at 40C° for two days, the
melting point, coulor and yield (%) are given in Table (3-1).

2) Cobalt (1) complex [La Co (I1)]:-

A Solution of (0.252g, 0.866 mmole) Cobalt nitrate hexahydrate
dissolved in (10 ml)of absolute ethanol was added to
(0.4 g, 1.731 mmole) of [La] dissolved in (15 ml) of absolute ethanol.
The mixture was refluxed with stirring for three hours, the resulting
precipitate was filtered and washed with diethyl ether and recrystallized
from hot ethanol then dried under vacuum at 40C° for tow day, the
melting point, coulor and yield (%) are given in Table (3-1).

3) Rhodium (I'11) complex [LaRNh (111)]:-

A Solution of (0.197 g, 866 mmole) Rhodium chloride
monohydrate dissolved in (10 ml) of absolute ethanol was added to (0.4 g,
1.731 mmole) of [L,] dissolved in (15 ml) of absolute ethanol. The
mixture was refluxed with stirring for three hours, the resulting
precipitate was filtered and washed with diethyl ether e and recrystallized

from hot ethanol then dried under vacuum at 40C° and under reduce
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pressure for two days, the melting point, coulor and yield (%) aregivenin
Table (3-1).

(2-4-2) Preparation of the metal complexesof [Lg]:-

1) Copper (I1) complex [LgCu (11)]:-

A Solution of (0.227 g, 0.94 mmole) Cupper nitrate trihydrate
dissolved in(10 ml) of absolute ethanol was added to(0.5 g, 1.88 mmole)
of [Lg] dissolved in (15 ml) of hot absolute ethanol. The mixture was
refluxed with stirring for three hours, when this mixture on hot plat with
stirring added several drops of buffer pH (9). A crystalline precipitate was
formed which was filtered and washed with diethyl ether and
recrystallized from hot ethanol then dried under vacuum at 40C° for two
days, the melting point, coulor and yield (%) are given in Table (3-3).

2) Cobalt (11) complex [LgCo (I1)]:

A Solution of (0.273 g, 0.94 mmole) Cobalt nitrate hexahydrate
dissolvedin (10 ml) of absolute ethanol was added to (0.5 g, 1.88 mmole)
of [Lg] dissolved in (15 ml) of hot absolute ethanol. The mixture was
refluxed with stirring for three hours, when this mixture on hot plat with
stirring added several drops of buffer pH (9). A crystalline precipitate was
formed which was filtered and washed with diethyl ether and
recrystallized from hot ethanol then dried under vacuum at 40C° for tow
days, the melting point, coulor and yield (%) are given in Table (3-3).
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3) Rhodium (111) complex [LgRh (I11)]:-

A Solution of (0.214g, 0.94 mmole) Rhodium chloride dissolvedin
(10 ml) of absolute ethanol was added to (0.5 g, 1.88 mmole) of [Lg]
dissolved in (15 ml) of hot absolute ethanol. The mixture was refluxed
with stirring for three hours, when this mixture on hot plat with stirring
added several drops of buffer pH (9). A fine crystalline precipitate was
formed which was filtered and washed with diethyl ether and
recrystallized from hot ethanol then dried under vacuum at 40C° for two
days, the melting point, coulor and yield (%) are given in Table (3-3).

(2-4-3) Preparation of the metal complexes of [L]:-

A genera method was followed for the preparation of metal
complexes of [L¢] which can be described bel ow:

Ethanolic solution of each of the following metal sats of
(0.301 mmole) of [(0.0728 g) Cu(NOs),.3H,0,(0.0877 g) Co(NOs),.6H,0
and (0.0685 g) RhCl3.H,0] was added to an ethanolic solution of (0.1g,
0.301 mmole) of [Lc]. The mixture was warmed for 5 min. then refluxed
for 3 hours, when this mixture on hot plat with stirring added several
drops of buffer pH (9) to complete the reaction. Fine crystalline powders
were obtained with different coulors depending on the type of the metal
salt, which were filtered and washed with diethyl ether and recrystallized
from hot ethanol then dried under vacuum at 40C° for two days, the
melting point, coulor and yield (%) are given in Table (3-5).
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(2-4-4) Preparation of the metal complexes of [Lp]:-

A general method was followed for the preparation of metal
complexes of [Lp] which can be described below:

Ethanolic solution of each of the following metal sats of
(1.266 mmole) of [(0.306 g) Cu(NOs),.3H,0, (0.368 g) Co(NOs),.6H,0
and (0.288 g) RhCl;.H,0] was added to an ethanolic solution of (0.4g,
1.266 mmole) of [Lp]. The mixture was warmed for 5 min. then refluxed
for 3 hours, when this mixture on hot plat with stirring several drops of
buffer pH (9) were added to complete the reaction. Fine crystalline
powders were obtained with different coulors depending on the type of
the metal salt, which were filtered and washed with diethyl ether and
recrystallized from hot ethanol then dried under vacuum at 40C° for two
days, The melting point, coulor and yield (%) are given in Table (3-7).
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