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Summary

Summary
New azo ligands (L;-L,) have been produced all rest on the 4-
aminoantipyrine and 2-aminebenzothiazole as a back-bone of the

prepared ligands having the following structures.

CH3 d C
HsC
N
N \
| N=—N b
N
\C
N
O a

Ll1 a:OH1 b=d = CH31 c=H
L,,a=NH,, ¢c=COCHj3, b=d=H

:/>N=N

H,oN

Ly, X=COCHs, Ly, X = NO,

Produced azo ligands have been characterized by ( FT-IR, 'H,
BC_NMR, UV-Vis and Lc—Mass) spectroscopic methods
microelemental analysis (C.H.N.S.0O) and thermogravimetric

analysis (TGA) .

The other part of this project refer to the synthesis of metal chelates
co" Ni", cu" and zn" with all prepared azo ligands.

All production was performed after fixing the ideal pH and molar

concentration that obeyed Lambert- Beer’s law in the studies pH rates.



Summary

According to the molar ratio and Job methods, the structure of
these metal chelates was deduced depending on the spectroscopic studies
of the complex solution of the above ions. However, ration of 1:2 M:L for
all ions were obtained. The mole ratio of mixed ligand complexes was
1:1:1(M:L:L).

FT—IR, UV-Vis spectra, conductivity, magnetic susceptibility and
melting points measurements using to characterize of prepared
complexes.

Flameless atomic absorption technique has been measured to
calculate the percentage of the metals in the complexes. (C.H.N.S.0)
analysis were also found, the results are in agreement with the calculated
values. All the complexes are quite stable and could be stored for months
without any appreciable change.

Depending to the results obtained by elemental and spectral
analysis, an octahedral structure suggested for all produced complexes.

In addition the dyeing performance of the produced compound
have been assessed on cotton fabric, the dyes were tested for light and
detergent fastness.

Finally azo ligand and newly metal chelats were screened in vitro
for their antibacterial and antifungal activity against: Staphylococcus

aureus, Esherichia Coli, Candida albicans and Candida tropicalis



List of Contents

Summary

List of contents
List of tables
List of figures

List of schemes

Abbreviation

Chapter One: Introduction

Introduction

Azo dyes

Synthesis of azo dyes

Diazotization

Azo coupling reaction

Isomerism in azo compounds

Geometrical isomerism

Toutomerisim

Alkyl and aryl azo compounds

Aliphatic azo compounds

Aromatic azo compounds

~N| O O o O A B B~ WO WO

Homocyclic azo compounds

Heterocyclic azo compounds

Pyridyl azo compounds

Thiazolyl azo compounds

Imidazol and Pyrimidyl azo compounds

Pyrazolone azo compounds

Mixed ligand complexes

Aim of the work




Chemicals

Instruments

Synthesis of azo ligands

Synthesis for ligand (L4, Ly)

Synthesis for ligand (Ls,L,)

Buffer solution

Standard solution

Preparation of solutions for spectral studies

Mole ratio

Job method

Synthesis of metal chelates

Synthesis of metal chelates for azo ligands (L;-L,4)

Synthesis of metal chelates for mixed ligands (Ly,L,)

Synthesis of metal chelates for mixed ligands (Ls,L,)

Biological activity

Dyeing method

Synthesis of azo dyes ligands

Mass spectra of azo dyes ligands

Mass spectrum of the ligand (L)

Mass spectrum of the ligand (L,)

Mass spectrum of the ligand (L3)

Mass spectrum of the ligand (L,)

Thermal analysis

'"HNMR spectra of azo dyes ligands

'HNMR spectrum of the ligand (L,)




'"HNMR spectrum of the ligand (L)
'HNMR spectrum of the ligand (L)
"HNMR spectrum of the ligand (L)

CNMR spectra of azo dyes ligands

CNMR spectrum of the ligand (L,)
CNMR spectrum of the ligand (L,)
CNMR spectrum of the ligand (Ls)
CNMR spectrum of the ligand (L.)
FTIR spectra of azo dyes ligands
FTIR spectrum of the ligand (L,)
FTIR spectrum of the ligand (L,)
FTIR spectrum of the ligand (L5)
FTIR spectrum of the ligand (L,)

UV-Vis spectra of azo dyes ligands
UV-Vis spectrum of the ligand (L,)
UV-Vis spectrum of the ligand (L)
UV-Vis spectrum of the ligand (L3)
UV-Vis spectrum of the ligand (L)

UV-Vis spectral studies

Effect of pH and concentration

Complexes nature

Effect of time on absorbance

Stability constant

Synthesis of solid complexes and characterization
techniques

Thermal analysis

Mass spectra of metal chelates




Solubility

Molar conductivity

Magnetic properties

FT-IR spectra of complexes

FT-IR spectra of azo ligand(L,) metal chelates

FT-IR spectra of azo ligand(L,) metal chelates

FT-IR spectra of azo ligand (L3) metal chelates.

FT-IR spectra of azo ligand(L,) metal chelates

FT-IR spectra of mixed ligand(L4,L,) metal chelates

FT-IR spectra of mixed ligand(Ls,L,) metal chelates

UV-Vis spectra of complexes

UV-Vis spectra of azo ligand(L,) metal chelates

UV-Vis spectra of azo ligand(L,) metal chelates

UV-Vis spectra of azo ligand(L3) metal chelates

UV-Vis spectra of azo ligand (L) metal chelates

UV-Vis spectra of mixed azo ligand (Ly,L,) metal chelates

UV-Vis spectra of mixed azo ligand (L3,L4) metal chelates

The Proposed molecular structures

Biological activity

Dyeing

Conclusions

Prospective studies

References
A yel) ARlll 4D




List of tables

Tables Page

Chemicals used in this work and its suppliers.

Nomenclature and some physical properties for azo
ligands (L;-Ly).
Nomenclature and some physical properties for metal

chelates with azo ligands (L;-L4).

Solubility of azo ligands in different solvents.

Microanalysis results of the azo ligands (L-Ly).

Characterization parameters of thermal decomposition
(10°C min™) ligands.

Absorbance at Ay for molar concentration of mixed

solutions of metal ions with azo ligasnds.

Absorbance at different pH and perfect concentration of
mixed solutions of metal ions with azo ligasnds.

UV-Vis spectral data at (Ana) for mole ratio method at
perfect pH and concentration of mixed solutions of metal
ions with azo ligasnds

UV-Vis spectra data at (Amax) for job method at perfect
pH and L,concentration of mixed solutions of metal
ions with azo ligasnds

Absorbance for mixed solutions of metal ions with azo
ligands at the change of time.

Stability constant and Gibbs free energy of the prepared
complexes with azo dyes ligands (L;-L4)

Metal content and (C.H.N.S.O) analysis data for
prepared compounds

Characterization parameters of thermal decomposition

(10°C min™) metal complexes.




Tables Page

(3-12) Solubility for complexes in different solvents. 121

(3-13) Molar conductance data at different solvents. 122

(3-14) Molar  conductance  for metal chelates in| 123
dimethylsulphoxide (DMSO) (10 mole/L).
(3-15) Magnetic moments data for the prepared metal chelates| 125
at 23°C.
(3-16) Infrared spectral data for the azo ligand (L;) and their| 127
metal chelates (cm™).
(3-17) Infrared spectral data for the azo ligand (L,) and their| 131
metal chelates (cm™).
(3-18) Infrared spectral data for the azo ligand (Ls) and their| 135
metal chelates (cm™).
(3-19) Infrared spectral data for the azo ligand (L,) and their| 139
metal chelates (cm™).
(3-20) Infrared spectral data for mixed ligand (L.,L,) metal| 143
chelates (cm™).
(3-21) Infrared spectral data for mixed ligand(Ls,L;) metal | 147
chelates (cm™).
(3-22) UV-Vis spectral data for azo ligand (L) metal chelates. 152
(3-23) UV-Vis spectral data for azo ligand (L) metal chelates. 156
(3-24) UV-Vis spectral data for azo ligand (L3) metal chelates. 161
(3-25) UV-Vis spectral data for azo ligand (L4) metal chelates. 166
(3-26) UV-Vis spectral data for mixed azo ligand (L, L,)| 170
metal chelates.
(3-27) UV-Vis spectral data for mixed azo ligand (Ls, Ls)| 174
metal chelates.

(3-28) Diameters (mm) at suppression for microbial activity to| 181

the azo ligands and compounds.

Vi



List of Figures

Figures Page

Azo dye structure.

General formula of azo dyes
Chemical structure of (AIBN).

The structure of Cu” and Fe”* complexes.

Proposed structure of Cu" and Co"" complexes.

111

Proposed structure of Cr" complexes.

Proposed structure of Co", Ni* and Cu" metal chelates.

Structure of Ni' and Cu" metal chelates.

Structure of Ni" and Cu" with azo dyes ligands.

Chemical structure of Ni" complex.

Structure of azo complexes.
Structure of PAN and PAR azo dyes.

Proposed structure of metal complexes for

4-(2-pyridyl azo)-resorcinol.

The Proposed structure of the azo dye complexes.
Structure of (TAR) and (TAN).

Proposed structure of azo dyes ligands.

Structure of Cu" complex with (NO,BTAHBA).

Structure of metal chelates of azo ligand.
Suggested structure for [Cr™, Mn", Fe'", Co", Ni", Cu"

and Zn"] complexes.

Proposed structure of metal complexes for

2-(2-benzathiazolyl azo)-3,5-dimethylphenol.

Suggested structure of metal complexes with

2-[2-(6-nitro benzothiazolyl)azo]-imidazole

Vil



Figures Page

Structure of Ag' complex.

Structure of Co" and Cu" complexes with bis azo dye
ligand.

Proposed structure of metal complexes for pyrimidyl

azo dye.

Chemical structure of Pt"" complex

Structure of metal complexes for (E)-4-((4-hydroxy-6-
methyl-2-oxo-2H-pyran-3-yl)diazenyl)-1,5-dimethyl-2-
phenyl-1H-pyrazol-3(2H)-one.

Proposed structure of metal chelate for pyrazolyl azo
dye.

Structure of Y and La"™ metal chelates.

Proposed structure of metal chelates for sulfonyl azo
dyes.

Structure of metal complexes [Co", Ni", Cu" and Zn"].

Proposed structure of metal chelate for(E)-4-(((4,5-
bis(4-methoxyphenyl)-4,5-dihydro-1H-imidazol-2-yl)-
diazenyl)-1,5-dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one.

Chemical structure of the mixed-ligand Cu" complexes
I11

Chemical structure of the mixed-ligand Pr™ complex.

Structure of Cu" and Ni" mixed-ligand complexes.

Proposed structure of Zr'" complex.
Structure of mixed-ligand (Mn", Ni" and Cu")

complexes.

Mass spectrum of the ligand (L,).

Mass spectrum of the ligand (L,).

Vil



Figures Page

Mass spectrum of the ligand (L3).

Mass spectrum of the ligand (L,).
TG/DSC Thermogram of the ligand (L,).
TG/DSC Thermogram of the ligand (L,).
TG/DSC Thermogram of the ligand (L3).
TG/DSC Thermogram of the ligand (L.).
'HNMR spectrum of the ligand (L,).
'HNMR spectrum of the ligand (L,).
'HNMR spectrum of the ligand (Ls).
'HNMR spectrum of the ligand (L.).
BCNMR spectrum of the ligand (L,).
BCNMR spectrum of the ligand (L,).
BCNMR spectrum of the ligand (Ls).
CNMR spectrum of the ligand (L.,).

FTIR spectrum of 4-aminoantipyrine.

FTIR spectrum of 3,5-dimethyphenol.
FTIR spectrum of the ligand (L,).

FTIR spectrum of 4-aminoacetophenone.

FTIR spectrum of the ligand (L,).

FTIR spectrum of 2-aminobenzothiazole
FTIR spectrum of the ligand (L3).

FTIR spectrum of 4-nitroaniline.

FTIR spectrum of the ligand (L,).

UV-Vis spectrum of the ligand (L,).
UV-Vis spectrum of the ligand (L,).

UV-Vis spectrum of the ligand (L5).




Figures Page

UV-Vis spectrum of the ligand (L,).
UV-Vis spectra: a) Free ligand (L) solution, b) Cu-L,

mixed solution. b) Free ligand (L,4) solution, d) Co-L,

mixed solution

Linear correlation between molar concentration and
absorbance for mixed solutions of metal ions with azo

ligasnds.

Effect of pH on absorbance at A, 0f mixed solutions of

metal ions with azo ligasnds at perfect concentrations.

Mole ratio plot for (M:L) ratio at perfect pH and
concentration of mixed solutions of metal ions with azo

ligasnds.

Job method plot for (M:L) ratio at perfect pH and

concentration of mixed solutions of metal ions with azo

ligasnds.

Time effect for mixed solutions of metal ions with azo
ligands (L;-Ly).

TG/DSC Thermogram of [Ni(L,),] complex.

TG/DSC Thermogram of [Ni(L;),].H.O complex.
TG/DSC Thermogram of [Zn(L3),] complex.

TG/DSC Thermogram of [Cu(L,4),] complex.

Mass spectrum for [Co(L,),] complex.

Mass spectrum for [Ni(L,),].H,O complex.

Mass spectrum for [Cu(L3),] complex.

Mass spectrum for [Zn(L,4),] complex.

Mass spectrum for [Ni(L,)(L;)] complex.




Figures Page

Mass spectrum for [Cu(L3)(L4)] complex.

FTIR spectrum of the [Co(L;),] complex.

FTIR spectrum of the [Ni(L;),] complex.

FTIR spectrum of the [Cu(L,),] complex.

FTIR spectrum of the [Zn(L,),] complex.

FTIR spectrum of the [Co(L,),].H,O complex.
FTIR spectrum of the [Ni(L,),].H,O complex.
FTIR spectrum of the [Cu(L,),].H,O complex.
FTIR spectrum of the [Zn(L,),].H,O complex.

FTIR spectrum of the [Co(L3),] complex.

FTIR spectrum of the [Ni(L3),] complex.

FTIR spectrum of the [Cu(L3),] complex.

FTIR spectrum of the [Zn(L3),] complex.

FTIR spectrum of the [Co(L,),] complex.

FTIR spectrum of the [Ni(L,),] complex.

FTIR spectrum of the [Cu(L,),] complex.

FTIR spectrum of the [Zn(L,),] complex.

FTIR spectrum of the [Co(L;)(L,)] complex.
FTIR spectrum of the [Ni(L;)(L;)] complex.
FTIR spectrum of the [Cu(L;)(L,)] complex.
FTIR spectrum of the [Zn(L,)(L,)] complex.
FTIR spectrum of the [Co(L3)(L4)] complex.
FTIR spectrum of the [Ni(L3)(L4)] complex.
FTIR spectrum of the [Cu(L3)(L4)] complex.
FTIR spectrum of the [Zn(L3)(L,)] complex.

UV-Vis spectrum for [Co(L,),] complex.

Xl



Figures Page

UV-Vis spectrum for [Ni(L,),] complex.

UV-Vis spectrum for [Cu(L,),] complex.

UV-Vis spectrum for [Zn(L,),] complex.

UV-Vis spectrum for [Co(L,),].H,O complex.
UV-Vis spectrum for [Ni(L;).].H.O complex.
UV-Vis spectrum for [Cu(L,),].H,O complex.
UV-Vis spectrum for [Zn(L,),].H,O complex.

UV-Vis spectrum for [Co(L3),] complex.

UV-Vis spectrum for [Ni(L3),] complex.

UV-Vis spectrum for [Cu(L3),] complex

UV-Vis spectrum for [Zn(L3),] complex.

UV-Vis spectrum for [Co(L,),] complex.

UV-Vis spectrum for [Ni(L4),] complex.

UV-Vis spectrum for [Cu(L,),] complex.

UV-Vis spectrum for [Zn(L,4),] complex.

UV-Vis spectrum for [Co(L;)(L,)] complex.
UV-Vis spectrum for [Ni(L,)(L,)] complex.
UV-Vis spectrum for [Cu(L,)(L,)] complex.
UV-Vis spectrum for [Zn(L,)(L,)] complex.

UV-Vis spectrum for [Co(L3)(L4)] complex.
UV-Vis spectrum for [Ni(L3z)(L4)] complex.
UV-Vis spectrum for [Cu(L3)(L,)] complex.
UV-Vis spectrum for [Zn(L3)(L,)] complex.

Suggested geometry for metal chelates of ligand (L ;).

Suggested geometry for metal chelates of ligand (L,).

Suggested geometry for metal chelates of ligand (L5).

X1l



Figures Page

(3-97) Suggested geometry for metal chelates of ligand (L,).

(3-98) Suggested geometry for mixed azo ligand(L,,L,) metal

chelates.

(3-99) Suggested geometry for mixed azo ligand(L3,L4) metal

chelates.

(3-100) Bacterial activity for azo ligands and their metal

chelates against Staphylococcus aureus.

(3-101) Bacterial activity for azo ligands and their metal

chelates against Esherichia coli.

(3-102) Antifungal activity for azo ligands and their metal

chelates against Candida albicans.

(3-103) Antifungal activity for azo ligands and their metal

chelates against Candida tropicalis.

(3-104) Ni" and Cu"-azo dye complexes.

(3-105) Co", Ni" and Cu'-azo dye complexes.
(3-106) Textiles dyeing by azo ligand (L,) and their

chelates.
(3-107) Textiles dyeing by azo ligand (L,) and their

chelates.

(3-108) Textiles dyeing by azo ligand (L3) and their metal
chelates.
(3-109) Textiles dyeing by azo ligand (L;) and their

chelates.

(3-110) Textiles dyeing by mixed azo ligand (Li,L;)
chelates.

(3-111) Textiles dyeing by mixed azo ligand (L3,L4)
chelates.

X1l



List of Schemes

Schemes

Mechanism of diazotization of aromatic amine.

Azo coupling reaction.

Geometrical isomerism of azo benzene.

Toutomerisim of azo dyes.

Synthesis of azo pyrazole derivatives.

synthesis of azo dyes ligands (L; and L,).

synthesis of azo dyes ligands (Lz and L,).

Fragmentation pattern of the ligand (L,).

Fragmentation pattern of the ligand (L.,).

Fragmentation pattern of the ligand (L.3).

Fragmentation pattern of the ligand (L.).

Tentative decomposition reaction of ligands (L;-Lg).

The tentative decomposition reaction of [Ni(L),] complex.

The tentative decomposition reaction of [Ni(L,),].H,O

complex.

The tentative decomposition reaction of [Zn(Ls),] complex.

The tentative decomposition reaction of [Cu(L,).] complex.

Fragmentation pattern for [Co(L,),] complex.

Fragmentation pattern for [Ni(L;),].H,O complex.

Fragmentation pattern for [Cu(L3)2] complex.

Fragmentation pattern for [Zn(L,),] complex.

Fragmentation pattern for [Ni(L,)(L,)] complex.

Fragmentation pattern for [Cu(L3)(L4)] complex.

XV



FT-IR

List of Abbreviations

Fourier Transform Infrared

UV-Vis

Ultraviolet-Visible Spectrophotometry

1IHNMR

Proton Nuclear Magnetic Resonance

13CNMR

Carbon (13) Nuclear Magnetic Resonance

M.Wt

Molecular Weight

m.p

Melting point

DMSO

Dimethyl sulfoxide

DMF

N,N-Dimethylformamide

Ppm

Part per million

Emax

Molar Absorptivity

B.M

Bohr Magneton

DMSO-ds

Deuteriodimethylsulphoxide

nm

Manometer

Xmax

Wave length

LC-MS

Liquid Chromatography _ Mass Spectrometry

TGA/DSC

Thermogravimetric Analysis/ Differential Scanning

Calorimetry

DNA

Deoxyribonucleic acid

RNA

Ribonucleic acid

0C

Zero Celsius

XV


https://en.wikipedia.org/wiki/Celsius
https://en.wikipedia.org/wiki/Celsius

Chapter One

[ntroduction




Chapter One Introduction

1.1. Introduction

Coordination chemistry of transition metal complexes with azo
ligands are of current attraction due to the interesting physical, chemical,
photophysical and photochemical, catalytic and different material
properties. The coordination compounds involving azo ligands are
significant importance and play a vital role in industry technology and
life processes[1,2]. Azo group is characterized by alone pair of orbital's
containing two electrons on nitrogen atom, if linked to an aromatic ring
carrying an additional donor sites is best suitable for chelation[3], this
type of molecule has several advantages. To cite a few the azo group is
photochromic, redox responsive, pH-sensitive, they are highly colored
and have been used as dyes and pigments in textile fibers, they have been
studied widely because of their excellent thermal and optical
properties[4]. Also they are including a number of biomedical studies
such inhibition of DNA, RNA and protein synthesis, carcinogenesis.
Furthermore, they were proved to have biological activity against bacteria
and fungi[5].

Advanced application in organic synthesis and high technology
areas such as Laser, liquid crystalline displays, electro-optical devices and
ink-jet printers[6,7].

Recently many researchers developed a sensitive method for the
Determination of metal ions with azo compound as complexmetric agents

by spectroscopic studies[8-10].

1.2. Azo dyes
The history of dyeing can be classified into two great periods, the
pre Aniline extending to 1856 and the post-aniline period. The former

was characterized by a rather limited range of colors that were based on
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dye-producing animals and plants[11], the interest towards these dyes
increased due to their thermal properties, mixed donor characters (soft-
hard), properties that include them as candidates for metal complexes[12].

These compounds have played a powerful role in organic colorants
because of at least a conjugated chromophore azo (-N=N-) group which is
connected to benzene and naphthalene rings, but can also be attached to
aromatic heterocyclic or analyzable aliphatic groups. These side groups
are necessary for imparting the color of the dye, with many different
shades and intensities being possible, a common example of an azo dye is
shown in Figure (1-1),[13].

OH NH>
N¢N 502CH2CH20803N3
NaO3SOH,CH,CO,S N=—p

NaO3S SO3Na

Figure (1-1): Azo dye structure.

This chromophoric system is attached with two or more aromatic
or heterocyclic rings. The color properties of organic dye depend on both
the presence of chromophores (aromatic) functional groups that absorb
light, the most common of these are azo, nitro and carbonyl groups
(-N=N-, NO,, C=0) and nucleophiles are referred to as auxochromes
functional groups that increase the intensity of the color, the most
common of these auxochromic groups are hydroxyl, amino, sulfanate,
carboxylate groups (-OH,-NH,,-SOsH,-COOH,) together, the dye molecule
is often described as a chromogen[14,15].

Azo dyes can be classified according to the number of azo groups
that are present in the dye molecules: monoazo for one, diazo for two,

triazo for three or more azo groups. They can also be classified according
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to the auxochromic group that is found in it, for example, acidic azo dyes
(that have acidic groups such as -SO3;H,-COOH.) and basic dyes (that
have basic groups such as dialylamino, alkylamino and amino)[16], the
general structure of azo dye as shown in Figure (1-2).

R

\
N=N
\

R/

Figure (1-2): General formula of azo dyes.

1.3. Synthesis of azo dyes

Azo compounds have been characterized by the presence of azo
group (-N=N-) which links to sp*hybridized carbon atoms the azo groups
are usually linked to substituted aromatic or hetero aromatic cyclic
groups, the general synthetic route of azo compounds includes two steps:
diazotization of an aromatic amine and azo coupling[17].
1.3.1. Diazotization

A diazotization is the conversion of an aromatic or hetero aromatic
primary amine to diazonium ion then followed by coupling the product to
an electron-rich nucleophile Scheme (1-1) at low temperature and in
acidic aqueous solution containing nitrous acid (HNO,) at (0- 5C).
Usually added as sodium nitrite (NaNO,) with, an aqueous mineral acid
such as hydrochloric acid, the diazonium ion is very unstable because of
presence of the benzene ring with its high electron density stabilizes the
+N=N group[18].
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HCI + NaNQ, ——— = HNO, + NaCl

o H
Ly
.'/ i Tf\H H * N
/0 \\_.‘_ k. _/,-' \\ l‘-__ _ -H / \\ _’c _'-._
O —— = ——
H H
- /\‘ +
.o .. Ly A
@N;}; \'/; _\\\)—X:XIOQ -71{ {'/ _\>—N:_\’—OH

Scheme (1-1): Mechanism of diazotization of aromatic amine.

1.3.2. Azo coupling reaction

The coupling reaction is performed by treating the unstable
diazonium salt in cold aqueous solution with a coupling component such
as phenols or aromatic amines Scheme (1-2) is this way as table azo dye

is formalized[19].

S %
T RO = H /=
— — W\ 3 \ " p— =
@N_N et T \ =)

H
=A™

Scheme (1-2): Azo coupling reaction.

1.4. Isomerism in azo compounds

1.4.1. Geometrical isomerism

The planar (-N=N-) bond is usually exists to geometrical isomers.
Azo benzene is a typically photochromic molecule can exist in two
configurations, the E (trans) and Z(cis) forms, that can be interconverted
either photochemically or thermally. Upon irradiation a change from the
stable E-azo benzene (E-AB) to the meta stable Z-azo benzene (Z-AB) is

4
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induced Scheme (1-3) where a reversible color change of the dye.
Interestingly, this effect was considered to be an inconvenience and was

prevented by carful development of more stable azo dyes[20].

E-azo benzene Z-azo benzene

Scheme (1-3): Geometrical isomerism of azo benzene.

1.4.2. Toutomerisim

When a hydrogen atom in a molecule is trans ported removed from
one part to another, this is called toutomerisim. This is happened in azo
dyes when an (-OH) group is present in the para or ortho position

explained in Scheme (1-4).

\/—\ :<:>;
0] N\ o] ——N
-O—""v0
|
H*
Scheme (1-4): Toutomerisim of azo dyes.

Toutomeric forms can be identified spectroscopically. The keto
hydrazones absorb at higher wavelengths than their hydroxyl azo forms.
keto hydrazones also have larger molar absorptivites. However, not all
azo compounds show tautomerisim and some tautomeric forms are more
stable than others[21].
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1.5. Alkyl and aryl azo compounds

The literature survey reveals that large number of azo dyes have
been investigated by many workers, as chelating agent and their metal
chelates. Azo dyes are compounds bearing the functional group
(R-N=N-R") In which R and R” can be either alkyl or aryl groups[22].
1.5.1. Aliphatic azo compounds

The dyes are called aliphatic azo dyes when both substituents are
aliphatic (alkyl group), these are less common as dyes because of they
have low absorptivity in the visible range and are not stable. In certain
alkyl azo compounds breaks into two radicals and to nitrogen gas
therefore, they can be used as radical initiators. Commercially important

initiator is azo bisbutyronitrile (AIBN), as shown below[23], Figure (1-3).
CH; CHj;

N=—C—C—N=—N—C—C=N

CH; CHj
Figure (1-3): Chemical structure of (AIBN).

1.5.2. Aromatic azo compounds

In aromatic azo compounds the (R) groups are aryl rings the
structures of these compounds are generally more stable and tend to be
crystalline such as azo benzene than if the (R) groups are alkyl groups
because of (i) the (-N=N-) group becomes part of an extended delocalized
system involving the aryl groups. (ii) the aromatic azo groups are highly
colored and are often used as dyes they are usually strongly colored
compounds which can be intensity colorless— yellow— orange— red—
green— blue, the colors differences are caused by different substituent's

on aromatic rings which lead to differences in the extent of conjugation of

6
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the m-system in the azo compound. Usually least than extensive the

conjugated m-system of a molecule. There are two kinds of aromatic azo
compound were recognized the homo and the heterocyclic azo
compounds[24,25].

1.5.2.1. Homocyclic azo compounds

Homocyclic azo compound from typical octahedral complexes
transition metals by way of coordination through N atom of the azo group
and a strongly electron donating in the ortho position next to the azo
group[26]. These azo compounds considered as important reagents in
analytical chemistry as it used as indicators or spectra-reagents.

When one or both of the homocyclic rings may be contain different
acidic or basic substitutes that increase the ligands selectivity to be used
us an organic reagents[27].

Modhavadiya [28], synthesis of Fe" and Cu" complexes with sulfa
drugs azo dye ligand derived from sulfadimidine and 2-ethyl-4-methyl
phenol. Metal complexes were characterized from spectroscopic and
analytical data (FT-IR and UV-Vis spectra) elemental analysis, metal
contents, magnetic properties and molar conductance. A square planner
geometry around Cu" complex was proposed and an octahedral geometry
about Fe" complex was proposed, Figure (1-4). Biological activity
measurements revealed that ligand has lower antimicrobial activity than

their metal complexes.
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/ N\>7HN—so2

Figure (1-4): The structure of Cu®" and Fe®* complexes.

In 2012 Turcas and Sebe [29], reported the synthesis of copper,
cobalt and chromium complexes with four new azo dyes, these complexes
were prepared from 1-diazo-2-naphthol-4-sulphonic and 6-nitro-1-diazo-
2-naphthol-4-sulphonic acids by coupling with B-naphthol, or N,N-
diethyl-m-amino-naphthol. Complexes have been characterized using
elemental analysis, UV-Vis and FT-IR spectral methods. On the basis of
analytical and spectral studies, the Cu" and Co™ complexes are assigned
to be tetrahedral, Figure (1-5). While the Cr'™ complexes have been
octahedral, Figure (1-6). The dyeing resistances were determined on wool

and polyamide.
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Figure (1-5): Proposed structure of Cu™ and Co™ complexes.
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complexes.

In 2014 Canakci, et.al [30], have been synthesized a new metal

chelates by reaction azo dye [1-(2-nitrophenl

azo)-2,7-dihydroxy

naphthalene] with metal salts (Co", Ni" and Cu") in alcoholic medium

were mixed in 1:2 (metal: ligand) ratio. Compounds were characterized

by various spectroscopic studies (FT-IR, UV-Vis and ‘HNMR) elemental

analysis, magnetic measurements. According of the analytical and

spectral studies, an octahedral geometry have been assigned for these

A
o

Figure (1-7): Proposed structure of Co", Ni"" and Cu" metal chelates.

complexes, Figure (1-7).
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In 2015 Anitha ,et.al [31], prepared a series of (Cu" and Ni")
complexes with novel bisazo dye 2,2[benzene-1,3-diyl di (E)diazene-2,1-
diyl] dianiline derived from m-phenylenediamie and aniline.
Stoichiometric ratio of the complexes has been found to be 1:1 (M:L).
Depending on physico-chemical analysis square planar geometry were

proposed for the azo complexes, Figure (1-8).

M*2= Ni and Cu

Figure (1-8): Structure of Ni" and Cu" metal chelates.

In the same year Kadhim [32], have produced chelates of the azo
dyes ligands derived from 2,4-dimethylphenol and 3 or 4-
aminobenzoicacid with (Ni" and Cu") in (1:2,M:L) ratio. Complexes have
been characterized by elemental analysis, spectroscopic techniques (FT-
IR, UV-Vis and 'H- NMR), conductivity and magnetic susceptibility
measurements .The spectral and chemical analysis assigned tetrahedral

geometry for the azo complexes, Figure (1-9).

10
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A
B
N
\N CHs
Hs
M
AR
o T o
\ CHs
N=—
HsC
B
A
L,. (A= H, B= COOH) L, (A=COOH,B=H

M = Ni(l1) and Cu(ll)

Figure (1-9): Structure of Ni" and Cu™ with azo dyes ligands.

In 2016 EL-Ansary, et.al [33], synthesized of Ni" macromolecular
complex with azo dye derived from sulfadimidine and
3-hydroxy-2-naphthoic acid. Ni" complexes has been characterized by
elemental analyses, magnetic moment, conductance measurements and
spectral techniques (FT-IR, UV-Vis, ESR, 'H-NMR). Depending on the
spectral and chemical analyses, the suggested geometry was octahedral

for Ni"" complex, Figure (1-10).

11
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HOOC

\H\f"

¢ i?o

\ /
N

AN/

3 H3C

Figure (1-10): Chemical structure of Ni" complex.

Jarad, et.al [34], synthesized a complexes of (Ni" and Cu") with
azo dyes ligands were obtained by coupling the diazonium salts of amines
with 3-hydroxyacetophenone. Compounds were identified by (FT-IR,
UV-Vis, *H and **C- NMR) spectroscopic methods, elemental analysis,
atomic absorption, conductivity and magnetic quantification. The results
suggested that the complexes have a 1:2 (M:L) molar ratio, these studies
confirmed the tetrahedral structure for complexes, Figure
(1-11).

12
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X
N
l\
N
O
n Y /
— 0N c
N=)  L,X=COCH, , L,X=NO,
M = Ni(l1) and Cu(ll)
X

Figure (1-11): Structure of azo complexes.

1.5.2.2. Heterocyclic azo compounds

Heterocyclic azo compound are a class of molecules that contain
hetero atom in ortho-position of azo (-N=N-) group[35]. Heterocyclic azo
dyes are well known for their outstanding photometric sensitivities
constitute an important class amongst the various organic reagents used in
the determination of metal ions[36]. At present, the numbers of
heterocyclic azo compounds are used in analytical chemistry
substantially.

The application of these azo dyes in spectrophotometery is based
on the color resulting from reaction with most of the metals especially
with some transition metals usually stable chelates are produced. The

reagents and their metal complexes have rather limited solubility in

13
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aqueous solutions but much greater solubility in organic systems thus
they are employed as indicators[37].
1.5.2.2.1. Pyridyl azo compounds

Heterocyclic azo dyes of pyridyl type are an important class of
organic reagents with good complexing capacity, the most important
compounds of this class are 1-(2-pyridyl azo)-2-naphthol (PAN) and
4-(2-pyridyl azo)-resorcinol (PAR), these azo dyes have been used for the
spectrophotometic determination of more than fifty elements because of
these ligand intensely colored complexes and act as tridentate
ligands[38,39], Figure (1-12).

O :
=z
-0- 0

PAR

PAN

Figure (1-12): Structure of PAN and PAR azo dyes.

Karipcin and kabalcilar [40], reported the preparation of (Mn", Fe",
co", Ni"", cu", zn" and Cd") complexes with 4-(2-pyridyl azo)-resorcinol
in 1:2 (M:L) ratio. Solid complexes were characterized by elemental and
thermal analyses, (FT-IR, UV-Vis spectra), molar conductance and
magnetic measurements. Depending on the spectral and analytical studies
an octahedral geometry have been suggested for these metal chelates,
Figure (1-13).

14
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N OH

M = Mn!' Fell Co,INi!!, cu!, zn!! and Cd!!

Figure (1-13): Proposed structure of metal complexes for

4-(2-pyridyl azo)-resorcinol.

In 2016 Mahmoud, et.al [41], synthesized chelates of new N3O,
donor pentadentate azo dye ligand was obtained by reaction of 2,6-
diamino pyridine and p-methoxybenzaldehyde with transition metal ions
', Mn", Fe", co", Ni", cu”, zn" and Cd"). Metal complexes were
characterized by elemental analysis, molar conductance, FT-IR, UV-Vis,
'HNMR, ESR spectral studies, magnetic susceptibility measurements,
thermo gravimetric analyses (TG) and X-ray diffraction (XRD), these
studies confirmed an octahedral structures for all complexes, Figure
(1-14). Biological activity measurements revealed that all complexes have
higher antimicrobial activity than the free azo ligand except Mn" and Fe"

complexes which have no antimicrobial activity.
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Figure (1-14): The Proposed structure of the azo dye complexes.

1.5.2.2.2. Thiazolyl azo compounds

Thiazol and Benzothiazolyl azo dyes as spectrophotometric
reagents, these compounds are easily prepared from a wide range of
phenols, naphthols and the other non-phenolic substances by coupling
reaction with diazonuium salt of 2-amino thiazole and 2-amino
benzothiazole, this azo compounds have important role in spectral
determination field to determine the trace amount of elements especially
transition metal ions because of high sensitivity and selectivity[42,43].

A number of these dyes were synthesized and their abilities as
chelating ligands[44]. The common reagent of these compounds is (TAR)
and (TAN), Figure (1-15).

HO

Dy e L0 8

4-(2-Thiazolyl azo)-resorcinol 1-(2-Thiazolyl azo)-2-naphthol
(TAR) (TAN)

Figure (1-15): Structure of (TAR) and (TAN).
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Keshavayya, et.al [45], synthesized a three heterocyclic azo dyes
using  6-methoxy-2-aminobenzothiazol  (IA), 4-(4-nitrophenyl)-2-
aminothiazole (IB) and 6-methyl-2-aminobenzothiazol (IC) as diazo
components which were diazotized and coupled with barbituric acid in
basic media (pH=9-10). The structures of these azo dyes were
characterized by (FT-IR, UV-Vis, '"HNMR and Mass) spectroscopic
techniques, the electrochemical properties of these azo dyes have been

studied by using cyclic voltammetric (CV) technique, Figure (1-16).
HaC—O0 S H
) O
@[ 7\ >:
N N 0]
N
SO

IA S 0 T
| % "\ N>:
N N (0]
O,N \
-
HsC S H IB
o |
@[/} A\ N>:
N N 0

\
IC H

Figure (1-16): Proposed structure of azo dyes ligands.

In 2015 Jreo [46], described the synthesis of new 2-(6-nitro-2-
benzothiazolyl azo)-4-hydroxybenzoic acid (NO,BTAHBA) organic
reagent with Cu" at (M:L) ratio (1:2). Cu" (NO,BTAHBA) complex was
characterized by spectral and analytical studies. Depending results

confirmed the octahedral arrangement about metal centre, Figure (1-17).
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Figure (1-17): Structure of Cu' complex with (NO,BTAHBA).

The formation of some new metal-azo chelates of metal ions (Ni",
cu" and Zzn") with a mono negative tridentate azo ligand 1-(6-methyl-2-
benzothiazolyl azo)-2-naphthol-4-sulfonic acid (BANS) at (1:2) metal to
ligand[47], metal chelates have been identified by elemental analysis,
'HNMR, FT-IR and UV-Vis, magnetic moment measurements and molar
conductance. The Analytical analyses suggested that metal-azo chelates
have octahedral geometry, Figure (1-18). Biological activity
measurements showed that complexes have higher antimicrobial activity

than the free ligand.
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Q S CH3
" <\

07'\/'\\0
\ N
e 7 !
N -~
3 s é/ OH
M!!' = Ni,Cu,Zn

Figure (1-18): Structure of metal chelates of azo ligand.

In 2017 AL-Adilee, et.al [48], reported the synthesis of a novel
heterocyclic mono azo dye bidentate ligand which obtained from
coupling reaction between 5-nitro-thiazole diazonium chloride and
2-amino-4-methylpyridine in alkaline alcoholic solution. A series of some
transition metal complexes were prepared by reaction of ligand with salt
of [Cr', Mn", Fe'!, Co", Ni", cu" and zn"], these compound were
characterized by [*H, ®*CNMR, FT-IR, V-Vis and Mass] spectroscopy,
(C.H.N) analysis, magnetic susceptibility, atomic absorption and molar
conductivity. The analytical data is found to be 1:2 [M:L] in all
complexes, the geometry proposed for all metal complexes were
octahedral stereochemistry, Figure (1-19).
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N\ / \ N/
N \CI /M\NC| n ClH,0
HoN // N\N%J\NOZ

MM=CrandFe;n=1, M'=Mn, Co,Ni,CuandZn:n=0

Figure (1-19): Suggested structure for [Cr™, Mn", Fe™, Co", Ni",

cu" and Zn"] complexes.

Jarad, etal [49], formtion of 2-(2-benzathiazolyl azo)-3,5-
dimethylphenol was formed by grouping the 2-benzothiazole diazonium
chloride with 3,5-dimethylphenol. Complexation of tridentate azo dye
with (Co", Ni", cu" and zn") in aqueous of ethyl alcohol with a 1:2
metal:ligand and at ideal pH. The formation of metal chelates are
assigned using flame atomic absorption, FTIR and UV-Vis spectral
analysis, other than conductivity and magnetic estates, these studies

confirmed an octahedral structure for metal chelates, Figure (1-20).
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H3C

M2*= Co,Ni,Cuand Zn

Figure (1-20): Proposed structure of metal complexes for

2-(2-benzathiazolyl azo)-3,5-dimethylphenol.

1.5.2.2.3. Imidazol and Pyrimidyl azo compounds

Imidazoles are well known a five-membered hetero-aromatic
compounds containing active w-acidimine (-C=N-) group and efficient
reagent to stabilize low valent metal oxidation states. They possess both
acidic and basic characteristics, the NH group present in imidazole is
relatively strongly acidic and also weakly basic. Another characteristic of
imidazole is that they have the capacity to form salts. The imidazole azo
compounds usually react with transition and non transition metal ions as
bidentate or as tridentate ligand in the field of coordination chemistry.
Imidazole derivatives have an important pharmacological properties and
play a significant role in many biochemical processes such as inhibitors
fungicides and therapeutic agents, these compounds were widely studied
in analytical separation and spectrophotometric determination of some
metal cations[50-52].
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The synthesis of a new series of (Co", Ni"", Cu", zn", Cd" and Hg")
complexes with bidentate chelating azo dye ligand 2-[2-(6-nitro
benzothiazolyl)azo]-imidazole (NBTAI) have been prepared and
characterized by elemental analysis, molar conductance measurements,
magnetic moment measurements and (FT-IR, UV-Vis) spectra, the
analytical data was showed that the metal to ligand ratio (1:2). The
geometry proposed for all complexes octahedral stereochemistry[53],
Figure (1-21).

o

N CI— M—CI

N\
[ \; // {/

L M“:Co,Cu,Cdanng,n— 1,M"'=Niand Zn;n=0 _|

Figure (1-21): Suggested structure of metal complexes with

2-[2-(6-nitro benzothiazolyl)azo]-imidazole

Formation of Ag(l) complex with 4-(2-benzimidazolyl azo)-proline
ligand has been reported and identified by elemental analysis, (FT-IR,
UV-Vis and 'HNMR) spectroscopy and molar conductivity, the
stoichiometry measurement investigated that the molar ratio (1:2). A
tetrahedral arrangement was suggested for Ag(I) complex[54], Figure
(1-22).
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Figure (1-22): Structure of Ag' complex.

Farhan [55], described the preparation of a new bis azo dye
2-(4-methoxy-2-(4-methoxy phenyl)diazenyl)-phenyl-diazenyl-4,5-
diphenyl-Imidazole with transition metal complexes of Co" and Cu".
Structural characterization of these complexes were carried out using
elemental analysis, (FT-IR, UV-Vis, 'H,"*C-NMR) spectroscopy and
molar conductivity measurements, The results suggested that the bis azo
ligand was chelated to the metal ion as tridentate ligand with (1:2) (M:L)
stoichiometry, these studies confirmed the octahedral structure for the

complexes, Figure (1-23).
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Figure (1.23): Structure of Co'" and Cu'' complexes with bis azo dye

ligand

Pyrimidines are a six-membered heterocyclic aromatic organic
compounds, the basic skeleton of a pyrimidine ring is composed of two
elements carbon and nitrogen and are also named as diazines having two
nitrogen atoms at position 1 and 3.

The significant position of pyrimidine and its derivatives in organic
chemistry is constitute nucleic acids which is the base of life. Three
nucleobases (cytosine, thymine and uracil) are pyrimidine
derivatives[56].

Pyrimidine azo coupling reactions are well known compounds
synthesized as a result of these reaction are colored so they play an
important role in analytical chemistry as metal chromogenic agents[57].
Furthermore transition metal complexes of these compounds can also be

synthesized with therapeutic potencies bioactivity of pyrimidine azo

24



Chapter One Introduction

compounds is very large including anti-inflammatory, antibacterial and
antifungal activities[58].

In 2012 Dhahir, et.al [59], have been synthesized metal chelates of
[Fe", co", Ni", cd" and Cu"] with 2-[2-amino-5-(3,4,5-trimethoxy-
benzyl)-pyrimidyl-4-azo]-4-bromophenol, these  complexes  were
characterized by FT-IR and UV-Vis spectroscopic methods, conductivity,
metal analyses and magnetic moment measurements. These studies
indicated the preparation of complexes with octahedral arrangement
around metal centers, Figure (1-24). Antibacterial activities data revealed

that complexes how more toxicity against the bacterial species of the free

ligand.
O—CHj
N%N O—CHs
. e
O— o N O—CH,
N .

MI!! = Fe, Co, Ni, Cuand Cd
Figure (1-24): Proposed structure of metal complexes for pyrimidyl

azo dye.

The formation of Pd" azo complex with a novel azo pyrimidin
ligand N-(1-(4-aminophenyl)ethyidine)-4-(2-amino-3-(4-methoxy-
phenyl)diazenyl)[1,5-a] pyrimidin-7-yl) benzene amine was reported[60].
The stereochemistry and the mode of bonding of complex was confirmed
depending on elemental analysis, conductance measurements and (IR,
UV-Vis, 'HNMR, ESR and Mass) spectroscopy and thermo-gravimetric
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analysis (TGA). Square planer arrangement was proposed for Pd"

complex, Figure (1-25).
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Figure (1-25): Chemical structure of Pd" complex.

1.5.2.2.4. Pyrazolone azo compounds

Pyrazolone is a Five-membered lactam ring heterocyclic compound
containing two nitrogen atoms and ketone in the same molecule.
Pyrazolone is an active moiety as a pharmaceutical ingredient especially
in the class of nonsteroidal anti-flamematory agent and intermediates in
dye industry and exhibited a wide variety of biological and
pharmaceutical activities therefore they play an important role in
medicinal chemistry[61]. Azo pyrozole derivatives containing (O,N)
donor atoms act as superior chelating agents for the transition and non-
transition metal ions, these azo compounds give bright, high intensity

colors, therefore they are used in preparing dyes and Pigments[62,63].
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Antipyrine (2,3-Dimethyl-1-Phenyl-5-Pyrazolone) and their metal
complexes have a variety of applications in biological, clinical, analytical
and pharma-cological area[64,65].

Rizk, et.al [66], synthesized a series of novel pyrazole derivatives
heterocyclic azo dyes using 3-substituted-5-aminopyrazales as diazo
compounds which were diazotized and coupled with different phenols.
These dyes were confirmed by (FT-IR, UV-Vis, H-NMR) spectroscopy
and elemental analysis. all of the dyes were investigated for their dying
characteristics on different types of fibers (wool, Polyester and wool/
polyester blend and the fastness properties were evaluated for the dyes
fabrics, Scheme (1-5).

— / \ /h_\- NaNO, T =N -ED
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=

B
,-"'f z
Q= R
¥ —
/__,.-'"- aly
T V"f \\ x‘x
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i H=H E=X0C, wi=H, E=CHG o X=H E=NH,
4 X=CL E=N0, 2:5=CLE=CHD I X=ClLE=XH,
2 X=CH, E=N0, nX=CH, F=CHO | K= "‘-I_ E=XH,

Scheme (1-5): Synthesis of azo pyrazole derivatives.
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The formation a series of novel metal ions [Cr", Fe™, Mn", Co",
Ni" and Cu'"] complexes with the new tridentate azo dye
(E)-4-((4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)diazenyl)-1,5-dime-
thyl-2-phenyl-1H-pyrazol-3(2H)-one were reported [67]. Metal chelates
have been characterized by elemental analysis, molar conductivity
measurements, magnetic susceptibility data and (*H, *C-NMR, FT-IR,
UV-Vis) spectroscopic results, these studies indicated that an octahedral

geometry for all metal(IT) complexes, Figure (1-26).

M=cCr'"andFe'": X =CI, M=Mn" Co" Ni"" and Cu" ; X =0

Figure (1-26): Structure of metal complexes for (E)-4-((4-hydroxy-6-
methyl-2-oxo-2H-pyran-3-yl)diazenyl)-1,5-dimethyl-2-phenyl-1H-
pyrazol-3(2H)-one.

Chaulia [68], synthesized a series of dinuclear complexes of [Co",
Ni", Cu" and Zn"] with new tetradentate azo dye ligand derived from
4-aminoantipyrine and 2,4-dihydroxybenzoic acid. Compounds were
characterized by molar conductance, magnetic susceptibility
measurement, spectroscopic methods (FT-IR, UV-Vis, 'H-NMR, Mass,
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ESR, XRD powder pattern) and thermogravimetric analysis, an
octahedral geometry a bout Co", Ni", Cu" were proposed. Biological
measurement indicates the antibacterial properties and DNA binding

activity of the investigating compounds, Figure (1-27).

M = Coll, Ni'' and Ccu!!

Figure (1.27): Proposed structure of metal chelate for pyrazolyl azo

dye.

In 2016 Jarad [69], studied the synthesis of 4-(2-Amino-5-nitro-
phenyl azo)-1,5-dimethyl-2-phenyl-1,2-dihydro-pyrazole-3-one tridentate
azo dye ligand which derived from 4-aminoantipyrine and 4-nitroaniline.
Complexes were prepared from reaction of azo dye with metal salts
(M=Y" and La™) with a 1:2 M:L ratio at optimum PH, produced
compounds have been identified by analytical and spectral studies, an
octahedral geometry suggested for complexes, Figure (1-28). All
prepared compounds revealed good antibacterial activity, the ligand and
their complexes were application to cotton fabric and study of detergent

fastness.
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N
ST
N --------- O§ /N
: ¢ \
HoC oS :\ N—CH,
=N : M ~_ X
N—Cx - \ CH 3
-------------- Q 3
N

NO,
M =Y(I11) when x =NO, La(lll) when x =ClI

Figure (1-28): Structure of Y"' and La'"" metal chelates.

In 2017 Hussain, et. al[70], described the synthesis new complexes
of [Fe" and Cu"] with a series of new acid dyes ligands, derived from the
reaction of 4-amino-1-(4-sulfophenyl)-3-methyl-5-pyrazolone with
alkaline solution of phenol derivatives which include 4-chlorophenol,
4-nitrophenol, 4-hydroxybenzene sulfonic acid, 2-nitrophenol-4-sulfonic
acid, resorcinol and bis phenol. The structures of these dyes and their
complexes confirmed by FT-IR, UV-Vis and ‘H, **C-NMR spectroscopy.
The spectral and chemical analyses suggested that Fe' and Cu"
complexes have octahedral geometry, Figure (1-29). Metal complex dyes
have better application properties on leather as compared to ligand dyes.
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N
N/ \ N \
\M/O O’_‘M
803H
R
HO4S ! H2
2
H H2

R,=R,=H; X =50, C(CH3),; M=Fe!'and Cu'!
Figure (1-29): Proposed structure of metal chelates for sulfonyl azo

dyes.

A series of new [Co",Ni",Cu" and Zn"] complexes with azo dye
5-methyl-2-phenyl-4-[(E)-1,3-thiazol-2-yl-diazenyl]-2,4-dihydro-3H-
pyrazol-3-one was obtained from diazo coupling reaction of 5-methyl-2-
phenyl-2,4-dihydro-3H-pyrazol-3-one with 2-aminothiazole have been
reported [71]. The structure around metal centers was characterized from
spectroscopic (FT-IR, UV-Vis, 'H-NMR) and analytical data, octahedral
geometry was proposed for metal complexes. Figure (1-30). The
uncoordinated ligand and their complexes were revealed good viability
cytotoxicity (anti-cancer) and antimicrobial activities.

CH,
2+

M = Co',Ni'",Cu'' and zn"
Figure (1-30): Structure of metal complexes [Co", Ni"!, Cu™ and zn"].
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In 2018 Al-Khafagy [72], reported the formation of new
heterocyclic tridentate azo dye ligand (E)-4-(((4,5-bis(4-methoxyphenyl)-
4,5-dihydro-1H-imidazol-2-yl)-diazenyl)-1,5-dimethyl-2-phenyl-1H-
pyrazol-3(2H)-one which has been achieved from coupling reaction of
4-aminoantipyrine with 4,5-bis(4-methoxyphenyl) imidazole. Complexes
were prepared from reaction of azo dye ligand with some metal salts
(M=Co", Ni", cu", zn", cd" and Hg" ions) with a 1:2 M:L ratio.
Characterization of these compounds were carried out by (FT-IR, UV-
Vis, 'H-NMR and Mass) spectroscopic techniques, microelemental
analysis, molar conductance measurements and magnetic susceptibility,
the studies proposed that the octahedral geometry for all complexes,
Figure (1-31).

M
H3CO / Cl,.H,0
o)
Ph~

M!!'= Co,Ni,Cu,Zn,Cd and Hg OCHgy

Figure (1-31): Proposed structure of metal chelate for(E)-4-(((4,5-
bis(4-methoxyphenyl)-4,5-dihydro-1H-imidazol-2-yl)-diazenyl)-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-one.
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1.6. Mixed ligand complexes

Mixed ligand are bi- or polydentate ligands that contain at least two
different types of chemical functionality capable of binding to metal
centers. The synthesis of ligands which containing both hard and soft
donors that different and contrasting reactivity associated within the same
molecule would lead to novel and unprecedented properties for the
resulting metal complexes, chelating ligands containing (O, S and N)
donor atoms show broad biological activity because of the variety of
ways in which they are coordinated metal ions[73,74].

Mixed ligand complexes differ from classical complexes which
include one type of ligand molecules attached to the metal in the sence
that they are having more than one type of ligands attached to the same
metal atom in a complex[75]. In recent years mixed ligand complexes
have been extensively studied in solution as well as in the solid state,
ternary complexes are found to be more stable than binary
complexes[76], steric effect and back donation have also been invoked to
account for the preferred formation of mix-ligand complexes[77]. The
study of mixed ligand complexes formation is relevant in the field of
analytical chemistry, the use of mixed ligand complexes allows. The
development of methods with increased selectivity, sensitivity and has
also great importance in the field of biological and environmental
chemistry[78].

Kirkan, at.el [79], reported the synthesis of Cu" dinuclear
complexes that derived from the bidentate ligand 1,10-phenanthroline and
four new azo dyes L' L%L® and L* have been prepared from diazo-
coupling reaction of benzaldehyde-4-aminobenzoyl hydrazone and
4-hydroxybenzaldehyd-4-aminobenzoyl hydrazone with barbituric acid

and 1,3-dimethylbarbituric acid. The structures of Cu" complexes were
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characterized by elemental analyses, magnetic measurements and spectral
techniques (FT-IR, UV-Vis, Mass and 'H-NMR), the studies showed
tetrahedral geometry, Figure (1-32).

X

Figure (1-32): Chemical structure of the mixed-ligand Cu" complexes

The formation of new Pr'™

complex with new tridentate amino
acid-based (leucine) azo dye (L;) and 1,10 phenanthroline (L,) was
described [80]. Azo dye was prepared from diazo-coupling reaction of

leucine with N,N-dimethyl aniline. Reaction of Pr'"

ion with L, and L, at
(1:2:1) ratio with general formula [Pr(L,),(L,)(H,O),], the structure
around metal centre was predicted from spectroscopic and analytical data,

Figure (1-33).
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o, P _
\\ /

Jv/

Figure (1-33): Chemical structure of the mixed-ligand Pr'™

+3

complex.

Rajavel, et.al [81], reported mixed ligand complexes of [Ni" and
Cu"] with 1-(4-chlorophenyl azo)-naphthalene-2-ol and 2-(1-(4-
chlorophenyl imino)-ethyl)-phenol. Metal chelates have been
characterized by elemental analysis, molar conductance measurements,
magnetic studies, (FT-IR, UV-Vis and ESR) spectroscopy and molecular
modelling, these studies suggested that Cu" and Ni" complexes have

square planer structure, Figure (1-34).
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\

C\

é o

M!I'= Niand Cu

Figure (1-34): Structure of Cu' and Ni"' mixed-ligand complexes.

In 2017 Moustafa, et.al [82], studied the synthesis of novel Zr"
mixed ligand-drug complex with thiamine hydrochloride as a primary
ligand and azo compound as secondary ligands. Zr" complex was
characterized by elemental analysis, thermogravimetric analysis, molar
conductivity, magnetic susceptibility and (FT-IR, UV-Vis) spectroscopy.
Depending on the analytical and spectral data the complexes were
formulated as [Azo-M-Thiamine (H,0),]'CI’, the suggested geometry
was octahedral for Zr", Figure (1-35).

ﬁj/x @ |

COOH

Cl

Figure (1-35): Proposed structure of Zr" complex.
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The synthesis of a series new mixed-ligand saccharin complexes of
[Mn", Co" and Cd"] with azo dye ligand [5-methyl-4-(4-methylphenyl
azo)-2H-pyrazole-3-ylamine] were reported by Adiguzel, et.al [83],
structures of the complexes were characterized by elemental analysis,
magnetic susceptibility, (FT-IR, Mass, UV-Vis) spectroscopic methods
and thermal analysis. These studies suggested that the mononuclear and
monomeric structure in octahedral geometry for mixed ligand-metal
complexes, Figure (1-36), the biological activity measurements showed
that mixed ligand-metal complexes have better antibacterial and anti

candidal activities.

H/O /
X
/ :
=
o/|
HN
N
N |
// —N
HiC N M!!'= Mn, Co, Cd
HaC n= 0, 0, 05

Figure (1-36): Structure of mixed-ligand (Mn", Co" and Cd")

complexes.
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1.7. Aim of the work

Given the widespread use of organic azo compounds and the
extension of previous research conducted in our laboratory, our objectives
have also expanded to include.

* Preparation and characterization of a number of organic ligands in the
available methods.

« Spectroscopic study of [Co", Ni", Cu" and Zn"] mixtures with the
prepared ligand solution. The optimum conditions of concentration,
pH and metal content are determined: Ligand:Metal for the
preparation of the solid complexes metal ions of the above.

« Characterization of complexes in spectral and analytical techniques and
study the constants of their stability.

« Studying the biological activity for the prepared ligands and their metal
complexes.

» Finally, studying the ability of the prepared ligands and their complexes
to dye the tissue and the amount of stability of these pigments

towards light, washing and detergents.
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Chapter two

2.1. Chemicals

Experimental Part

All the chemicals used in this work and its suppliers are obtained in

Table (2-1), all these chemicals have been used without further

purification.

Table (2-1): Chemicals used in this work and its suppliers.

Substance

Ammonium acetate

CH3CO,NH,

Company

Purity%

Ammonia solution

NH,OH

Acetic acid glacial

CH3;COOH

2-Aminobenzothiazole

C7H6N28

98

Cobalt(Il) chloride hexahydrate

CUC|2.6H20

98

Copper(Il) chloride dihydrate

CUC|2.2H20

98

Dimethyl sulphoxide

(CH5;),SO

99

Dimethyl foramide

CsH;NO

Dichloromethane

CH,ClI,

98

3,5-Dimethylphenol

CgH100

98

Ethanol

C,Hs0OH

99

Metanol

CH30OH

99

Nickel(ll) chloride hexahydrate

NiCl,.6H,0

99

P-nitro aniline

CeHgN20-

98

Sodium nitrite

NaNOZ

99

Sodium hydroxide

NaOH

98

Zinc Chloride

ZnC|2

98

4— Aminoantipyrine

C11H13N30

99

4—- Aminoacetophenone

CgHgNO

99

Hydrochloric acid

HCI(12N)
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2.2. Instruments

2.2.1. Electronic spectra

The electronic (UV-Vis) spectra were measured for (10 m/L) in
ethyl alcohol at department of Chemistry, College of Education for Pure
Science/lbn-Al-Haitham using (Shimadzu UV-160A) Ultra Violet-
Visible Spectrophotometer).

2.2.2. Infrared spectra (FTIR)

Infrared spectra were obtained as (KBr disc) by using (Shimadzu,
FT.IR- 8400S Fourier Transform Infrared Spectrophotometer) at Ibn Sina
Company, Ministry of Industry.

2.2.3. Metal analysis

Meta content of the metal chelats were determined by flame atomic
absorption using (Shimadzu A.A-160) Atomic Absorption/ Flame
Emission Spectrophotometer) at Ibn Sina Company, Ministry of Industry.
2.2.4.H, ®*CNMR spectra

Spectra were noted at (Brucker-300 MHz Ultra Shield
Spectrometer) in Al-al-Bayt University utilizing DMSO as solvent and
tetramethylsilane (TMS) as reference.

2.2.5. Mass spectra

Mass spectra were measured on LC-MS QP50A: Shimadzu (E170
EV) Spectrometer, at Damascus University, Syria.

2.2.6. Microelemental analysis

Microelemental analysis (C.H.N.S.O) have been done in Damascus
University, Syria, employing Euro vector EA 3000, single V.3.0single.
2.2.7. Molar conductivity

Conductivity for the compounds resolved at dimethylsulphoxide

(10° m/L) was recorded at room temperature utilizing Philips PW-
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Digital Conductimeter, at department of Chemistry, College of Education
for Pure Science/ 1bn-Al-Haitham.
2.2.8. Magnetic susceptibility

Magnetic properties have been obtained at (296 °K) by using (Auto
Magnetic Susceptibility Balance Sherwood Scientific) at College of
science/ Al-Mustansiriyah University.
2.2.9. Thermal analysis

Thermal analyses have been measured under atmosphere of argon
gas on heating at 10 °C/min, by using a STA PT-1000 Linseis company/
Germany, at Central Service Laboratory/ College of Education for Pure
Science/ Ibn-Al-Haitham.
2.2.10. Melting points

Melting point for the azo ligand and their metal chelates have been

determined using (Stuart MSRS Digital Melting Point Apparatus).

2.3. Synthesis of azo ligands
2.3.1. Synthesis for ligand (L4, L)

4-aminoantipyrine (0.503gm, 1mmole), dissolved in mixture (10ml
ethyl alcohol, 2ml conc. HCI), and diazotized at 5°C with 10% solution of
NaNO,. Diazotized solution has been added collyrium wise for stirring
separately into a cooled ethyl alcohol solution (1 mmole) at (0.305 gm,
3,5-dimethylphenol or 0.337 gm, 4-aminoacetophenone) then 25 ml at
1M NaOH solution has been followed into dusky colored mix and
precipitation for azo ligand has been noticed. This deposit have been
filtrated, washed number ounces for (1:1) C,HsOH: H,O, mixture
subsequently left into dry[84] Table (2-2) consist name of ligands, M.wt

and melting points.
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2.3.2. Synthesis for ligand (L3, Lj)

2-aminobenzothiazole (0.375 gm, 1 mmole), dissolved in mixture
(10ml ethyl alcohol, 2ml conc. HCI), and diazotized at 5°C with 10%
solution of NaNO,. Diazotized solution has been added collyrium wise
for stirring separately into a cooled ethyl alcohol solution (1 mmole) at
(0.337 gm,4-aminoacetophenone or 0.345 gm, 4-nitroaniline) then 25mi
at 1M NaOH solution has been followed into dusky colored mix and
precipitation for azo ligand has been noticed. This deposit have been
filtrated, washed number ounces for (1:1) C,HsOH: H,O, mixture
subsequently left into dry[85]. Table (2-2) consist name of ligands, M.wt
and melting points.

Table (2-2): Nomenclature and some physical properties for azo
ligands (L;- Ly).

4-[(2-hydroxy-4,6-dimethylphenyl)- Reddish 216-218
diazenyl]-1,5-dimethyl-2-phenyl-1H- orange
pyrazol-3(2H)-one

4-[(5-acetyl-2-aminophenyl)- Brown

diazenyl]-1,5-dimethyl-2-phenyl-

1H-pyrazol-3(2H)-one
1-(4-amino-3-(benzo[d]thiazol-2- Reddish 196-198
yldiazenyl)phenyl)ethanone brown
2-(benzo[d]thiazol-2-yldiazenyl)-4- | Brown 201-203

nitroaniline
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2.4. Buffer solution

(0.01 M, 0.771 gm) for CH3COONHy, has been resolved at one liter
for doubly deionized water. Only the pH scope (5-9) was using
CH3;COOH or NH5 solution.

2.5. Standard solution

A group from standard solutions for metal salts have been made at
varying condensation (10°-10° M) in pH rate (5-9). In the same time a
group from ethyl alcohol solutions to the ligand during the extent for

condensation (10°-10"° M) has been as well produced.

2.6. Preparation of solutions for spectral studies
Solution have been produced by mixed same concentration of
ligand and metal salt at perfect concentration and pH, to find M:L ratio

using the following states.
2.6.1. Mole ratio

Absorption spectra have been obtained for several mixed solutions
containing (1ml) of metal ion salt, and various volumes of ligand solution
at ideal pH and concentration. Ratio has been obtained by plotting the
relationship between the mole ratio in X-axis and absorption at Y-axis,
the intercept for two straight lines due to M:L ratio.

2.6.2. Job method

In this state various volumes of solutions containing equal
concentration for ligand and metal salt, the total volume has been kept
constant. Absorption spectra have been measured by plotting the
relationship between the (V/VntV,) in X-axis (V=volume of the metal,
V_=volume of ligand) and absorption at Y-axis, the intercept for two

straight lines due to M:L ratio.
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2.7. Synthesis of metal chelates

2.7.1. Synthesis of metal chelates for azo ligands (L-L,)

Ethyl alcohol solution to the ligands (0.336, 0.349, 0.296 and 0.299
gm, 2 mmole) have been added sequence during stirring of the (0.118,
0.118, 0.085 and 0.064 gm/1mmole) of the metal salts of Cobalt chloride
hexahydrate, Nickel chloride hexahydrate, Copper chloride dihydrate and
Zinc chloride dissolved at pH solution for perfect pH. The mixture has
been cooled until dark color precipitate has been contained, filtered, as
well washed number ounces for 1:1 H,O: C,HsOH mixture, Table (2-3)
consist name of metal chelates, M.wt, perfect pH solution and melting
points.
2.7.2. Synthesis of metal chelates for mixed ligands (L1,L,)

Ethyl alcohol solution to the ligand (L) (0.336 gm, 1 mmole) and
alcoholic solution (0.349 gm, 1 mmole) for azo (L,) have been added
sequence during stirring of the 0.118, 0.118, 0.085 and 0.064 gm of the
metal salts of Cobalt chloride hexahydrate, Nickel chloride hexahydrate,
Copper chloride dihydrate and Zinc chloride dissolved at aqueous
solution. The mixture has been cooled until dark color precipitate has
been contained, filtered, as well washed number ounces for 1:1 H,O:
C,HsOH mixture, see Table (2-3).
2.7.3. Synthesis of metal chelates for mixed ligands (L3, L)

Ethyl alcohol solution to the ligand (L3) (0.296 gm, 1mmole) and
alcoholic solution (0.299 gm, 1 mmole) for azo (L4;) have been added
sequence during stirring of the 0.118, 0.118, 0.085 and 0.064 gm of the
metal salts of Cobalt chloride hexahydrate, Nickel chloride hexahydrate,
Copper chloride dihydrate and Zinc chloride dissolved at aqueous

solution. The mixture has been cooled until dark color precipitate has
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been contained, filtered, as well washed number ounces for 1:1 H,O:
C,HsOH mixture, see Table (2-3).

Table (2-3): Nomenclature and some physical properties for metal

chelates with azo ligands (L;-Lg).

Complexes | pH [ M.P'C | M.wt | Yield% Color Name
[Co(L4),] 7 251- 729 84 Brown Bis[4-[(hydroxy-4,6-
253 dimethylphenyl)diazenyl]-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one]cobalt(11)
[Ni(Ly)2] 7 241- 728 87 Orange Bis[4-[(2-hydroxy-4,6-
243 dimethylphenyl)diazenyl]-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one]nickel(1l)
[Cu(Ly);] 7 | 226- | 734 85 Deep Bis[4-[(2-hydroxy-4,6-
228 brown dimethylphenyl)diazenyl]-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one]copper(1l)
[Zn(L1),] 7 243- 735 83 Yellowish Bis[4-[(2-hydroxy-4,6-
245 orange dimethylphenyl)diazenyl]-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one]zinc(Il)
[Co(Ly),].H.O | 9 203- 773 80 Dark Bis[4-[(5-acetyl-2-

205 brown aminophenyl)diazenyl]-1,5-dimethyl-
2-phenyl-1H-pyrazol-3(2H)-
one]cobalt(l1).hydrate

[Ni(Ly),].HO | 9 227- 772 85 Deep Bis[4-[(5-acetyl-2-

229 brown aminophenyl)diazenyl]-1,5-dimethyl-
2-phenyl-1H-pyrazol-3(2H)-
one]nickel(Il).hydrate

[Cu(Ly),].H.O | 9 168- 778 82 Dark Bis[4-[(5-acetyl-2-

170 brown aminophenyl)diazenyl]-1,5-dimethyl-
2-phenyl-1H-pyrazol-3(2H)-
one]copper(ll).hydrate

[Zn(Ly),]-H,O | 9 234- 779 87 Dark Bis[4-[(5-acetyl-2-
236 brown aminophenyl)diazenyl]-1,5-dimethyl-

2-phenyl-1H-pyrazol-3(2H)-
one]zinc(I1).hydrate
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[Co(Ls):]

Orange

Experimental Part

Bis[1-(4-amino-3-(benzo[d]thiazol-2-
yldiazenyl)phenyl)ethanone]cobalt(I1)

[Ni(Ls)-]

Yellowish

orange

Bis[1-(4-amino-3-(benzo[d]thiazol-2-
yldiazenyl)phenyl)ethanone]nickel(I1)

[Cu(Ls)]

Brown

Bis[1-(4-amino-3-(benzo[d]thiazol-2-
yldiazenyl)phenyl)ethanone]copper(Il)

[Zn(Ls)-]

Yellow

Bis[1-(4-amino-3-(benzo[d]thiazol-2-
yldiazenyl)phenyl)ethanone]zinc(ll)

[Co(L4)]

Reddish

brown

Bis[2-(benzo[d]thiazol-2-yldiazenyl)-
4-nitroaniline]cobalt(I1)

[Ni(L4)-]

Pal brown

Bis[2-(benzo[d]thiazol-2-yldiazenyl)-
4-nitroaniline]nickel(Il)

[Cu(Ls)2]

Deep

brown

Bis[2-(benzo[d]thiazol-2-yldiazenyl)-

4-nitroaniline]copper(Il)

[Zn(L4)]

Deep

brown

Bis[2-(benzo[d]thiazol-2-yldiazenyl)-

4-nitroaniline]zinc(l1)

[Co(L1)(L2)]

Deep

green

4-[(hydroxy-4,6-
dimethylphenyl)diazenyl]-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one 4-[(5-acetyl-2-
aminophenyl)diazenyl]-1,5-dimethyl-
2-phenyl-1H-pyrazol-3(2H)-one
cobalt(11)

[Ni(L)(L2)]

Reddish

brown

4-[(hydroxy-4,6-
dimethylphenyl)diazenyl]-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one 4-[(5-acetyl-2-
aminophenyl)diazenyl]-1,5-dimethyl-
2-phenyl-1H-pyrazol-3(2H)-one
nickel(ll)

[Cu(Ly)(L2)]

46

4-[(hydroxy-4,6-
dimethylphenyl)diazenyl]-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one 4-[(5-acetyl-2-aminophenyl)-
diazenyl]-1,5-dimethyl-2-phenyl-1H-
pyrazol-3(2H)-one copper(Il)




Chapter two Experimental Part

[Zn(Ly)(Ly)] 210-212 4-[(hydroxy-4,6-dimethyl-
phenyl)diazenyl]-1,5-dimethyl-2-
phenyl-1H-pyrazol-3(2H)-one 4-[(5-
acetyl-2-aminophenyl)diazenyl]-1,5-
dimethyl-2-phenyl-1H-pyrazol-3(2H)-
one zinc(Il)

[Co(L3)(L4)] 163-165 Reddish 1-(4-amino-3-(benzo[d]thiazol-2-
brown yldiazenyl)phenyl)ethanone2-(benzo-
[d]thiazol-2-yldiazenyl)-4-

nitroanilinecobalt(l1)
[Ni(Ls)(La)] 1-(4-amino-3-(benzo[d]thiazol-2-

yldiazenyl)phenyl)ethanone2-
(benzo[d]thiazol-2-yldiazenyl)-4-
nitroanilinenickel(11)
[Cu(L3)(Ly)] 191-193 Pal brown 1-(4-amino-3-(benzo[d]thiazol-2-
yldiazenyl)phenyl)ethanone2-

(benzo[d]thiazol-2-yldiazenyl)-4-
nitroanilinecopper(Il)
[Zn(L3)(L4)] 165-167 1-(4-amino-3-(benzo[d]thiazol-2-

yldiazenyl)phenyl)ethanone2-

(benzo[d]thiazol-2-yldiazenyl)-4-

nitroanilinezinc(I1)

2.8. Biological activity

Azo dyes ligands and their metal chelates have been screened at
vitro with their antibacterial and antifungal efficiency contra:
Staphylococcus aureus, Esherichia Coli, Candida albicans as well
Candida tropicalis employing the paper disc method.
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2.9. Dyeing method

Dyeing properties for produced ligands and their metal chelates
were applied on cotton fabric as (1% shade) using the Azoic Dyes
Method, the laboratory model glycerin-bath higher temperature flask-
dyeing machine has been used. Finally powdered dye (2.5 gm) has been
mixed with (0.1 gm) for azotic dyes agent, then mixture dispersed in a
ultrasonic vibrator for (30 min) at 25°C. The dyeing of the fabric was

done at (15- 20°C) for (1 hr), and at pH (10) by adding NaOH.
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3.1. Synthesis of azo dyes ligands

The reaction scheme of azo ligands (L; and L,) from 4-amino-
antipyrine is shown in Scheme (3-1). First step in this mechanism
containing of antipyrine diazonium salt, than coupling with the ethyl

alcohol solution of the selected agents.

CHs CHg
HaC HaC(
N N
10% NaNO
| \ NH> ° ‘ > | \ N,Cl
N\c HCI Conc. N~—__
C
N\ A
o] o]
d
C
z
o
T b
a

C

Y
H
HaC, 3 d ¢

N
| \ N=—N b
N~

C

\\O g

L1, a=OH, b=d =CHs, c=H
L,, a=NH,, c=COCHg, b=d = H

Scheme (3-1): synthesis of azo dyes ligands (L; and L,).

The azo ligands (L3 and L;) from 2-aminobenzothiazole is shown
in Scheme (3-2). First step in this reaction including of benzothiazole
diazonium salt, than coupling with the ethyl alcohol solution of the

selected agents.
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S S
10% NaNO,
NH, > N,ClI
/ HCI Conc. / ?
N

N

X

HO®EN

-

H,N

L3,X: COCHg, |_4, X= N02

Scheme (3-2): synthesis of azo dyes ligands (L; and L,).

The solubility of azo ligands (L;-L,) in various solvents is given in
Table (3-1).

Table (3-1): Solubility of azo ligands in different solvents.

compounds | Ethanol | Acetone | Benzene Distal

water

Soluble (+), sparingly (<)
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The ligands were identified on the basis of elemental analysis, were
in real identical with the calculated values and agree well with the
proposed formula of azo ligands and the data included in Table (3-2).

Table (3-2): Microelemental analysis results of the azo ligands

(Li-Ly).
m
| C% |H% | N% | 0% | S%

L, 67.85 | 5.95 | 16.66 | 9.52 -
‘ (66.18) | (4.56) | (15.92) | (8.77) ‘
L, 65.32 | 5.44 | 20.05 | 9.17 -
‘ (64.78) | (4.85) | (19.91) | (8.76) ‘
Ls 60.81 | 4.05 | 18.91 | 5.40 | 10.81
(59.93) | (3.88) | (17.96) | (4.91) | (10.32)
L, 52.17 | 3.01 | 23.41 [10.70 | 10.70
(51.94) | (2.45) | (22.27) | (9.01) | (9.23)

The azo ligands also characterized by thermal analysis, (FTIR, UV-
Vis, LC-Mass and *H, *C NMR) spectra.

3.2. Mass spectra of azo dyes ligands

Spectrum of each ligand appears a well defined parent peak and the
same fragmented ion pattern.
3.2.1. Mass spectrum of the ligand (L,)

The mass spectrum of the azo ligand (L;) showed peak centered at
m/z=336 due to the formula CigHyN4O,. The general pattern of
fragmentation are summarized in Scheme (3-3), see Figure (3-1).
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Figure (3-1): Mass spectrum of the ligand (L,).
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HsC
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N
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204 (22%)
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Scheme (3-3): Fragmentation pattern of the ligand (L,).
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3.2.2. Mass spectrum of the ligand (L,)

The mass spectrum of the ligand (L,) is shown in Figure (3-2).

General pattern of fragmentation are listed in Scheme (3-4), the spectrum

show peak represent the parent fragment centered at m/z=348

corresponds with the formula C19H15NsO,".

*MSA2 SPC, time= 2.015 of SALEHH04.D / HYNICAPL-ES, Pos, Scan, Frag: 012A.A.S. "scan-" 26/03/2018

100 -
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40- HoN
w
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= o
20 S
| i
o0t il “ -
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Figure (3-2): Mass spectrum of the ligand (L.,).
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\
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~¢ CeHs"
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Scheme (3-4): Fragmentation pattern of the ligand (L,).
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3.2.3. Mass spectrum of the ligand (L)

The mass spectrum of the ligand (L3) is shown in Figure (3-3).
General pattern of fragmentation are listed in Scheme (3-5), the spectrum
show peak represent the parent fragment centered at m/z=296

corresponds with the formula C;5H;,N4OS.
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Figure (3-3): Mass spectrum of the ligand (L).
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-

H,N
Cy5H;,N40OS
296 (67%)

5

206 (26%)

o)
\C/CH3

'NCH Yo

H,S*
35 (4.3)

CeH7"
79 (21%)

Scheme (3-5): Fragmentation pattern of the ligand (Ls).

3.2.4. Mass spectrum of the ligand (L,)
The mass spectrum of the azo ligand (L,) showed peak centered at
m/z=299 due to the formula Ci3HyNsO,S. The general pattern of

fragmentation are summarized in Scheme (3-6), see Figure (3-4).
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Figure (3-4): Mass spectrum of the ligand (L,).
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Scheme (3-6): Fragmentation pattern of the ligand (L,).
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3.3. Thermal analysis

The aim of thermal analysis is to obtain information concerning the
thermal stability of the investigated for azo dyes ligands (L;-L4) as seen
in Figures (3-5) to (3-8), the decomposition is shown in Scheme (3-7) and
the data recorded in Table (3-3).
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Figure (3-5): TG/DSC Thermogram of the ligand (L,).
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Figure (3-6): TG/DSC Thermogram of the ligand (L.,).
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Figure (3-8): TG/DSC Thermogram of the ligand (L.).

60




Chapter three

C19H20N40,

found=95.014

calcul=92.857 | ~Ci7H20N40;

_C2

found= 95.014% calcul=92.857 %
final = 4.986 final=7.143

Ly

Cy5H1,N4OS

found= 14.051

calcul= 14.527 | -CoH30

C3HoN,S

found= 37.962

calcul= 39527 | C7HsN2

CeHN,S

found=25.989 |-C4H4N,
calcul=27.027

C,S

found= 77.702% calcul=81.081 %
final = 22.298 final=18.919

Ly
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Scheme (3-7): Tentative decomposition reaction of ligands (L;-L).
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Table (3-3): Characterization parameters of thermal decomposition
(10°C min™) ligands.

Weight mass
loss%
calc (found)

Reaction

Total
mass
10ss%

92.857
(95.014)

'C17H2002 N4

-C,

92.857
(95.014)

Wight experimental 10ss(95.014)%, final (4.986)% , wight theoretical loss (92.857)%
and final(7.143)% with (C,)

L.

122

569.5

289

93.123

(91.444)

-C17H19N50,

-C,

93.123
(91.444)

Wight experimental 1oss(91.444)% , final (8.556)% , wight theoretical loss (93.123)%
and final(6.877)% with (C,)

Ls

141

201.5

167

14527
(14.051)

-COCH3;

205

334.5

257

39.527
(37.962)

-C7H:sN,

373.5

599

467.5

27.027
(25.989)

-C4H4N,

81.081
(77.702)

-C,S

Wight experimental loss(77.702)%, final (22.298)%, wight theoretical loss (81.081)%
and final (18.919)% with (C,S)

Ls

535

176.7

108

14.716
(16.874)

-CO,

177

254.8

207

30.769
(28.663)

-CsHyN,

284

599

411

35.786
(32.087)

-CsHsN;

-C,S

81.271
(77.624)

Wight experimental loss (77.624)%, final(22.376)%, wight theoretical loss (81.271)%
and final (18.729)%
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3.4. 'HNMR spectra of azo dyes ligands

Azo dyes ligands have been identified by *HNMR spectra using
dimethylsulphoxide (DMSO-dg) as the solvent and tetramethylsilane
(TMS) as the reference.

3.4.1. "'HNMR spectrum of the ligand (L)

The 'HNMR spectrum of the ligand Figure (3-9) display various
signals at (6=6.688-7.618) ppm refers to aromatic protons[86]. The signal
obtained at (6=6.571) ppm lead to proton of phenol[87]. Finding, the
signals at (6=3.413) ppm and (6=2.619) ppm describe to 3(N-CHj3) and
o0(CHs3) of pyrazole respectively[88]. Signal at (6=2.320) ppm was
assigned to 8(CHj3) of phenol, the signals at (6=4.506) ppm and (6=2.50)
ppm due to water and DMSO-dg[89].
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Figure (3-9): 'HNMR spectrum of the ligand (L.,).
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3.4.2. 'HNMR spectrum of the ligand (L,)

'HNMR spectrum of the ligand Figure (3-10) show multiplet
signals at (6=7.389-8.126) ppm was assigned to aromatic protons[90].
The signals obtained at (6=3.221) ppm and (6=2.623) ppm due to
0(N-CHz3) and 6(CHj3) of pyrazole respectively[91] .Whereas, the signals
at (6=8.537) ppm and at (6=2.937) ppm due to d(NH,) and 6(CHs) of
acetyl group. Signals obtained at (6=4.084) ppm and (6=2.50) ppm
referred to water and DMSO-d¢[92].
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Figure (3-10): 'HNMR spectrum of the ligand (L.,).

3.4.3. 'HNMR spectrum of the ligand (L)

The 'HNMR spectrum of the ligand display many signals at
(6=7.048-7.897) ppm assigned to aromatic protons[93]. Signals obtained
at (0=7.926) ppm and (6=2.672) ppm due to 6(NH,) and &(CH3) of acetyl
group sequences[94], the signal observed at (6=2.50) ppm lead to
DMSO-dg, see Figure (3-11).
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Figure (3-11): "HNMR spectrum of the ligand (Ls).

3.4.4. 'HNMR spectrum of the ligand (L)

'HNMR spectrum of the ligand display various signals at (§=6.610-
8.300) ppm described to aromatic protons[95]. The signals observed at
(6=8.449) ppm and (6=2.50) ppm which were assigned to 6(NH,) and
DMSO-ds[96], see Figure (3-12).
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Figure (3-12): '"HNMR spectrum of the ligand (L.).

3.5. ®CNMR spectra of azo dyes ligands

Azo dyes ligands have been characterized by *CNMR spectra
using DMSO-dg as the solvent and TMS as the reference.
3.5.1. ®CNMR spectrum of the ligand (L,)

The CNMR spectrum of the ligand display resonance at
(6=19.514) ppm and (6=34.662) ppm due to carbon of (CHjz) in phenol
ring. The resonance at (6=10.444) ppm and (6=38.016) ppm due to
carbon of (CHy;) in pyrazole group. The various signals at (6=156.295,
140.259, 139.618, 133.117, 129.676, 129.406, 128.501, 126.674,
122.805, 115.894 and 94.185) ppm attributed to carbon atoms of aromatic
rings. Signals at (6=157.127) ppm and (6=151.140) ppm due to carbon of
(C=0) and (C-OH) groups and the indicative in (6=39.500) ppm due into
DMSO-dg[97,98], see Figure (3-13).
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Figure (3-13): ®*CNMR spectrum of the ligand (L,).

3.5.2. ®CNMR spectrum of the ligand (L))

The CNMR spectrum of the azo ligand Figure (3-14) show
signals at (6=197.307) ppm and (6=164.183) ppm were assigned to
carbon of (C=0) of acetyl and pyrazole groups sequences. The resonance
at (6=150.367) ppm due to carbon of amino group. The various signals at
(0=152.427, 6=134.850, 6=129.583, 6=126.266, 6=124.745, 6=123.576,
0=122.731, 6=119.531, 6=118.781, 6=114.729 and 6=100.881) ppm
described to carbon atoms of aromatic rings. Resonance at (6=13.550)
ppm and (6=36.115) ppm due to carbon of (CHs) in pyrazole group.

Signals at (6=26.735) ppm and (6=39.500) ppm due to carbon of (CH3) in
acetyl group and DMSO-dg[99,100].
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Figure (3-14): ®*CNMR spectrum of the ligand (L,).

3.5.3. ®CNMR spectrum of the ligand (L5)

BCNMR spectrum of the azo ligand Figure (3-15) shows resonance
at (0=196.370) ppm and (6=152.921) ppm were described to carbon of
(C=0) of acetyl and amino groups sequences. Various signals at
(6=155.030, 6=131.896, 6=131.743, 5=131.680, 6=129.543, 6=124.984,
6=121.719, 6=120.936, 6=119.533, 6=118.578 and 6=99.966) ppm lead to
carbon atoms of aromatic rings. The resonance at (6=26.381) ppm and
(6=39.783) ppm due to carbon of (CHj) in acetyl group and DMSO-
de[101,102].
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Figure (3-15): ®CNMR spectrum of the ligand (Ls).

3.5.4. ®CNMR spectrum of the ligand (L)
BCNMR spectrum of the ligand appear resonance at (6=149.960)

ppm which was assigned to carbon of amino group. The various signals at
(6=151.591,6=143.039, 6=132.192, 6=130.739, 6=126.346, 6=126.257,
0=125.348,6=124.672,6=124.011, 6=123.043, 6=121.721 and 6=120.802)
ppm attributed to carbon atoms of aromatic rings. Signal at (6=39.751)
ppm due into DMSO-dg[103], see Figure (3-16).
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Figure (3-16): ®CNMR spectrum of the ligand (L.).

3.6. FTIR spectra of azo dyes ligands

Azo dyes ligands were characterized by FTIR spectra with samples
produced as KBr discs.

3.6.1. FTIR spectrum of the ligand (L,)

IR spectrum of starting material 4-aminoantipyrine Figure (3-17)
show bands at 3433 cm™ and 3325 cm™ due to v(NH,) asymmetric and
symmetric respectively[104]. The bands at 1743 cm™ and 1589 cm™
assigned to v(C=0) and v(C=C) respectively[105]. Bands at (1496, 1450
and 1354) cm™ lead to bending vibration of 5(CH3)[106]. Figure (3-18)
display the starting material 3,5-dimetylphenol, which appear broad band
a 3251 cm™ described to v(OH), while the bands at (1616, 1593, 1473,
1442, 1346 and 1307) cm™ due to stretching vibration of v(C=C) and
bending frequency of 6(CHj;) sequences[107,108].

The FTIR spectrum of the ligand (L;), Figure (3-19) exhibited
sharp band at 3410 cm™ described to stretching vibration of v(OH)
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phenol. The bands at 1666 cm™ and 1585 cm™ which were assigned to

vibration of v(C=0) and v(N=N) respectively, bands at (1496, 1442,
1415, 1369 and 1319) cm™ lead to bending frequency of &(CHs)

groups[109-111].
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Figure (3-18): FTIR spectrum of 3,5-dimethyphenol.
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Figure (3-19): FTIR spectrum of the ligand (L,).

3.6.2. FTIR spectrum of the ligand (L))

Figure (3-20) display the starting material 4-aminoacetophenone,
which exhibited bands at 3394 cm™ and 3332 cm™ described to stretching
frequency asymmetric and symmetric of v(NHy)respectively, while the
band at 1647 cm™ lead to v(C=0)[112]. Bands at (1589, 1562, 1438 and
1361) cm™ due to stretching vibration of v(C=C) and bending frequency
of 8(CHs) sequences[113]. Spectrum of the ligand (L,) shows bands at
3487 cm™ and 3414 cm™ which were assigned to stretching frequency
asymmetric and symmetric of v(NH,)[114]. The bands at 1678 cm™ and
1657 cm™ due to carbonyl v(C=0) of acetyl and pyrazole groups
respectively [115]. The bands at 1597 cm™ and 1512 cm™ due to vibration
of v(C=C) and v(N=N) sequences, bands at (1496, 1454, 1411, 1357 and

1307) cm™ lead to bending frequency of 8(CHs) groups[116], see Figure
(3-21).
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Figure (3-20): FTIR spectrum of 4-aminoacetophenone.
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Figure (3-21): FTIR spectrum of the ligand (L,).
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3.6.3. FTIR spectrum of the ligand (L)

IR spectrum of starting material 2-aminobenzothiazole Figure (3-
22) display bands at 3414 cm™ and 3356 cm™ due to v(NH,) asymmetric
and symmetric respectively. bands at 1631 cm™ and (1589, 1543) cm™
assigned to v(C=N) and v(C=C) respectively[117]. Spectrum of the
ligand (L3), Figure (3-23) exhibited bands at 3483 cm™ and 3414 cm™
which were assigned to stretching vibration of v(NH;)[118]. Bands at
1678 cm™ and 1654 cm™ due to carbonyl v(C=0) of acetyl and v(C=N)
of thiazole groups sequences[119]. The band at 1531 cm™ due to
vibration of v(N=N), bands at 1589 cm™ and 1570 cm™ attributed to
v(C=C). The bands at (1442, 1423, 1396 and 1342) cm™ lead to bending
vibration of 6(CHs) group[120]..
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Figure (3-22): FTIR spectrum of 2-aminobenzothiazole.
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Figure (3-23): FTIR spectrum of the ligand (L5).

3.6.4. FTIR spectrum of the ligand (L,)

Figure (3-24), show the starting material 4-nitroaniline, which

exhibited bands at 3479 cm™ and 3360 cm™ due to asymmetric and

symmetric frequency of v(NH,), while the bands at 1632 cm™ and 1593
cm™ lead to v(C=C). Bands at 1500 cm™ and 1332 cm™ due to stretching

vibration asymmetric and symmetric of v(NO,)[121,122].The ligand (L)

exhibited bands at 3484 cm™ and 3414 cm™ which were assigned to

frequency asymmetric and symmetric of v(NH,)[123].The band at 1639
cm™ due to v(C=N) group[124]. Bands at 1593 cm™ and 1562 cm™

described to vibration of v(C=C), the band at 1446 cm™ lead to frequency

of v(N=N). The bands at 1508 cm™ and 1332 cm™ which assigned to

vibration of asymmetric and symmetric of v(NO,)[125], see Figure

(3-25).
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Figure (3-24): FTIR spectrum of 4-nitroaniline.
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Figure (3-25): FTIR spectrum of the ligand (L,).
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3.7. UV-Vis spectra of azo dyes ligands

The electronic spectra of ligands under investigation were carried
out in ethyl alcohol (10 mole/L).
3.7.1. UV-Vis spectrum of the ligand (L,)

The spectrum, Figure (3-26) display intense absorption peaks at
(242 nm) (41322 cm™) (emax=1894 L. mole*.cm™) and (356 nm) (28089
cm™) (emax=1853 I.mole™.cm™) which were assigned to (z-n'), other peak
at (414 nm) (24154 cm™) (enx=1177 L.mole™*.cm™) due to electronic
transition (n- )[126,127].
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Figure (3-26): UV-Vis spectrum of the ligand (L,).
3.7.2. UV-Vis spectrum of the ligand (L,)

Figure (3-27) display the spectrum of azo ligand (L,), which
exhibited peaks at (298 nm) (33557 cm™) (emax=2272 l.mole™*.cm™) and
(432 nm) (23148 cm™) (ema=1479 L. mole™.cm™) which were assigned to
(n-n') and (n-n') for (-N=N-) group[128,129].
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Figure (3-27): UV-Vis spectrum of the ligand (L.,).

3.7.3. UV-Vis spectrum of the ligand (L5)

Figure (3-28), represents the spectrum of ligand (Ls) which
exhibited peaks at (218 nm) (45871 cm™) (emax=1950 l.mole™.cm™), (270
nm) (37037 cm™) (ema=1066 l.mole™.cm™) and (396 nm) (25252 cm™)

(emax=2039 l.mole™.cm™) lead to electronic transition (7-7 )[130,131].
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Figure (3-28): UV-Vis spectrum of the ligand (L3).

3.7.4. UV-Vis spectrum of the ligand (L)

Figure (3-29), which exhibited peaks at (218 nm) (45871 cm™)
(emax=2198 1.mole™.cm™), (290 nm) (34482 cm™) (emax=785 L. mole.cm™)
and (410 nm) (24390 cm™) (emx=2340 l.mole™.cm™) described to

electronic transition (m-7 )[132,133].
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Figure (3-29): UV-Vis spectrum of the ligand (L,).

3.8. UV-Vis spectral studies

The colored contained from the reaction of metal ions with azo
ligands are very important for electronic spectral studies. Because of the
presence of high and sharp absorption peak which belong to the metal
complex, this peak shift in the visible region was detected in solution of
complex spectra with respect to ligand may be due to good indicated for
coordination and formation of the complex. see figure (3-30), which
exhibited comparison between free ligand (L) solution with Cu-L, mixed

solution and free ligand (L) solution with Co- L4 mixed solution .
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Figure (3-30): UV-Vis spectra:
a) Free ligand (L) solution, b) Cu-L, mixed solution

¢) Free ligand (L) solution, d) Co-L4 mixed solution
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3.8.1. Effect of pH and concentration

Electronic spectra were measured for the mixed solutions obtaining
equal quantities of metal ions dissolved in buffer solution and ligands
dissolved in ethanol at the same concentration.

Molar concentration studied at the range (10%- 10 mole/L), while
the pH range at (5- 9). These concentration are not all suitable in UV-Vis
measurements. The solutions of (10 mole/L) were turbid, on other than
out of scale absorbance were measured by (10 mole/L), in the same time
the color of (10 mole/L) solutions make it very hard to study. Only
reach (1- 3x10™ mole/L) concentration followed Beer’s law and appeared
obvious intense color. Best fit straight lines were happened with
correlation factor (R> 0.99) as shown in Figure (3-31), and the results
obtained is given in Table (3-4). Perfect concentration was chosen for
complex solution based on which solution gives the highest absorbance at
constant (Anax) at different pH, and results are described in Table (3-5).
The trial results evidence that the absorbance of all prepared complexes
are maximum and constant in a buffer solution of ammonium acetate at
pH extent (5- 9). It was found that all prepared complexes had perfect pH

as is shown in Figure (3-32).
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Table (3-4): Absorbance at (A.x) for molar concentration of mixed

solutions of metal ions with azo ligands.

Absorbance Ligands

Metal ion (Amax) Molar Conc. x10™
2.5 2.0 15

Co(I1) (460)/ L,
Ni(IT) (458)/ L,
Cu(ll) (481)/ L,
Zn(1l) (450)/ L,
Co(I) (442)/ L,
Ni(Il) (440)/ L,
Cu(l) (560)/ L,

Zn(I1) (4767 L,
Co(ll) (458)/ L
Ni(I1) (466)/ Ls
Cu(ll) (470)/ Ls
Zn(Il) (472)/ L,
Co(ll) (480)/ L,
Ni(I1) (478)/ L,
Cu(ll) (476)/ L,
Zn(I1) (478)/ L,
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Table (3-5): Absorbance at different pH and perfect concentration of

mixed solutions of metal ions with azo ligands.

Ligands

Molar Absorbance at pH

Conc.x10™ 6 7 8
Co(I)/L,
Ni(I1)/L,
Cu(l/L,
Zn(I/L,
Co(ll)/L,
Ni(11)/L,
Cu(l/L,
Zn(I/L,
Co(I1)/Ls
Ni(I1)/L;
Cu(I)/Ls
Zn(I1)/Ls
Co(I)/L,
Ni(I1)/L,
Cu(I)/L,
Zn(I)/L,
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3.8.2. Complexes nature

The nature of the complexes formed in solution without isolation
are characterized by mole ratio method. This way dependent on plotting
measured absorbance against molar ratios of two components of a
complex when the concentration of one component is varied as the
concentration of the other is constant, this way has been introduced by
Yoe and Jones[134]. Measurements have been used at perfect pH,
concentration and wavelength. The results describes the formation of
(1:2) (Metal to Ligand) ratio for all ready complexes, Figure (3-33)
display the relationship between absorbance and (Metal: Ligand) ratio, as
well as the data are given in Table 3-6.

Other way used is job method, which modified by Vosbury and
Copper[135]. This method depending measured absorbance when the
concentration of two compound have been varied, the results are shown
in Figure (3-34), and the data recorded in Table (3-7).
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Table (3-6): UV-Vis spectral data at (Anay) for mole ratio method at perfect

pH and concentration of mixed solutions of metal ions with azo ligands.

Ligands
Metal lon | Co(11)/L; | Ni(11)/Ly | Cu(1l)/Ly | Zn(11)/Ly | Co(1N)/L, | Ni(11)/L,
Molar 2.5 2.5 2.5 2.5 2.0 2.5

Conc.x10™
PH/Amax 7.0/460 7.0/458 7.0/481 | 7.0/450 | 9.0/442 | 9.0/440

M:L Absorbance at (}\amax)

Metal lon | Cu(llY/L, | Zn(I1)/L, | Co(I1)/Ls | Ni(I1)/Ls | Cu(I1)/Ls | Zn(I1)/Ls
Molar 3.0 2.5 2.5 2.5 2.5 2.5
Conc.x10™
PH/Amax 9.0/560 9.0/472 9.0/458 9.0/466 9.0/470 9.0/472

M:L Absorbance at (xmax)
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Metal lon

Co(I1)/L,

Ni(I1)/Ls

Cu(l1)/L,

Zn(I1)/L,

Molar
Conc.x10™

2.5

2.5

2.5

2.5

pH/AmaX

9.0/480

9.0/478

9.0/476

9.0/478

M:L

Absorbance at (Amax)
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Table (3-7): UV-Vis spectra data at (A for job method at perfect pH

and L,concentration of mixed solutions of metal ions with azo ligands.

Zn(IN) Cu(ll) Ni(11) Co(Il) V.
vV, +V,

| Absorbance at (Amax) |

| 0.033 0.037 0.035 0.037 0.1 |
0.075 0.074 0.062 0.074 0.2

‘ 0.117 0.121 0.108 0.113 0.3 ‘
0.117 0.120 0.107 0.113 0.4

‘ 0.096 0.105 0.088 0.097 0.5 ‘
0.077 0.085 0.063 0.075 0.6

‘ 0.057 0.063 0.042 0.054 0.7 ‘
0.037 0.042 0.026 0.036 0.8
0.017 0.022 0.015 0.016 0.9
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|

| 0.486 0.664 0.437 0.236 0.1 |
0.975 1.227 0.885 0.526 0.2

‘ 1.530 1.753 1.273 0.806 0.3 ‘

| 1.500 1.751 1.270 0.807 0.4 |
1.255 1.477 1.063 0.662 0.5

‘ 0.985 1.177 0.857 0.527 0.6 ‘
0.753 0.875 0.662 0.395 0.7
0.538 0.583 0.426 0.264 0.8
0.246 0.277 0.218 0.125 0.9
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Figure (3-34): Job method plot for (M:L) ratio at perfect pH and

concentration of mixed solutions of metal ions with azo ligands.
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3.8.3. Effect of time on absorbance

The effect of time have been studied for color complex solution
under perfect condition (pH, concentration and wavelength), the reaction
was complete in (5 min) at 25 C and continues stable for about (90 min),
this shows that the ligands strong coordination with metal salts. The

results are shown in Figure (3-35), and Table 3-8.

Table (3-8): Absorbance for mixed solutions of metal ions with azo

ligands at the change of time.

Cu(ll) Ni(ll) Co(l) Time (min)

Absorbance at (Amax)
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| 1.015 2.225 1.553 0.708 0.0 !

| 1.015 2.208 1.553 0.688 5.0 |
1.054 2.224 1.583 0.711 10
1.040 2.224 1.552 0.703 15

| 1.040 2.250 1.552 0.711 20 |
1.017 2.223 1.550 0.705 25
1.023 2.176 1.580 0.702 30
1.033 2.185 1.580 0.705 35
1.004 2.150 1.585 0.725 40
1.042 2.195 1.588 0.725 45
1.048 2.165 1.611 0.708 50
1.050 2.223 1.585 0.718 55
1.019 2.253 1.571 0.713 60
1.015 2.230 1.525 0.717 65
1.011 2.226 1.607 0.709 70
1.021 2.226 1.525 0.636 75
1.021 2.226 1.613 0.682 80
1.028 2.208 1.532 0.685 85
1.018 2.226 1.535 0.676 90
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Figure (3-35): Time effect for mixed solutions of metal ions with azo
ligands (Li-L,).
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3.8.4. Stability constant
The sequent stability constant (K) to the (1:2) metal to ligand
compound can be computed according to the equations.
l-a _A-A

= , (04
40°C? A,

Where c= concentration to the compound solution at mole/ L o=
degree for dissociation, As= Absorption in solution containing same
amount of ligand and metal ion and Am= the absorption of solution
containing the selfsame quantities for metal and surplus for ligand. High
values for (K) refers to high constancy for produced complexes[136].
Thermodynamic parameters of Gibbs free energy (AG°) were also

studied. The AG® data have been reckoned from the equation[137].
AG°=-RTLnk

Where; R= gas constant= 8.3 J.mol™*.K™*, T= absolute temperature
(Kelvin), the negative value of (AG®) due to the reaction between azo
dyes ligands and metal ions understudy are spontaneous. All results were
listed in Table (3-9).
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Table (3-9): Stability constant and Gibbs free energy of the prepared

complexes with azo dyes ligands (L;-L,).

Complexes A An o k Lnk AG*
kJ.mol™

| [Co(L,),] | 0.052 | 0.113 | 0.539 | 12.13x10° | 16.311 | -40.411 |
[Ni(Ly),] | 0.047 | 0.108 | 0.564 | 9.90x10° | 16.108 | -39.908

[Cu(Ly),] | 0.073 | 0.122 | 0.401 | 39.93x10° | 17.502 | -43.362 ‘

| [Zn(Ly),] | 0.066 | 0.117 | 0.435 | 28.25x10° | 17.156 | -42.505 |
Co(L),].H,O | 0.063 | 0.122 | 0.483 | 28.72x10° | 17.173 | -42.547

[Ni(L),].H,O | 0.144 | 0.218 | 0.339 | 73.44x10° | 18.111 | -44.871 ‘
[Cu(L),].H,0 | 0.325 | 0.523 | 0.378 | 32.73x10° | 17.303 | -42.869

[Zn(L),].H,O | 0.071 | 0.131 | 0.458 | 22.58x10° | 16.932 | -41.950 ‘
[Co(Ls),] | 0.216 | 0.337 | 0.359 | 58.27x10° | 17.880 | -44.298
[Ni(Ls),] | 0.263 | 0.460 | 0.428 | 30.10x10° | 17.220 | -42.663
[Cu(Ls),] | 0.095 | 0.162 | 0.413 | 34.53x10° | 17.357 | -43.003
[Zn(Ls),] | 0.115 | 0.211 | 0.454 | 23.74x10° | 16.982 | -42.074
[Co(Ls),] | 0569 | 0.807 | 0.295 | 117.50x10° | 18.581 | -46.035
[Ni(Ls),] | 0931 | 1.274 | 0.269 | 182.75x10° | 19.023 | -47.130
[Cu(Ls),] | 1.466 | 1.762 | 0.168 | 832.00x10° | 20.539 | -50.886
[Zn(Ls),] | 1.135 | 1.535 | 0.260 | 18.50x10° | 16.733 | -41.457

3.9. Characterization of solid complexes techniques

Metal chelates have been identified by reaction of ethyl alcohol for

azo dyes ligands with metal ions dissolved at perfect pH in a (1:2) (metal:

ligand) molar ratio, other than metal content and (C.H.N.S.O) analysis are

listed in Table (3-10).
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Table (3-10): Metal content and (C.H.N.S.O) analysis data for
prepared compounds.

| Compounds Analysis Calc (Found) |

M% | C% | H% | N% | 0% | S%
[Co(Ly),] 8.09 | 6255 | 521 | 15.36 | 8.77 -
(7.94) | (61.85) | (4.97) | (14.88) | (7.83) ‘
[Ni(Ly)] 796 | 6263 | 521 | 15.38 | 879 | -
(7.12) | (61.98) | (4.84) | (14.79) | (8.04) ‘
[Cu(L1).] 871 | 6212 | 517 | 1525 | 871 | -
(7.92) | (61.83) | (4.96) | (14.92) | (8.11)
[Zn(Ly)s] 884 | 6204 | 517 | 1523 | 870 | -
(8.06) | (61.68) | (4.92) | (14.78) | (7.98)
[Co(Ly),]H,O | 7.63 | 58.99 | 4.65 | 18.11 | 828 | -
(7.11) | (57.93) | (4.03) | (17.85) | (7.84)
[Ni(L);].H,O | 7.51 | 59.06 | 4.66 | 18.13 | 8.29 -
(6.83) | (59.01) | (4.11) | (17.76) | (8.06)
[Cu(L,),]H,O | 822 | 5861 | 4.62 | 17.99 | 8.22 -
(7.79) | (58.04) | (3.96) | (16.92) | (7.76)
[Zn(Ly),].H,O | 8.34 | 5853 | 462 | 17.77 | 8.21 -
(7.81) | (57.91) | (3.92) | (16.88) | (7.98)
[Co(Ls),] 9.09 | 55.46 | 3.38 | 17.25 | 4.93 | 9.86
(8.91) | (55.12) | (2.97) | (16.77) | (3.89) | (8.94)
[Ni(Ls),] 8.95 | 5555 | 3.39 | 17.28 | 4.93 | 9.87
(7.88) | (54.91) | (2.87) | (16.92) | (4.36) | (8.86)
[Cu(Ls).] 9.78 | 55.04 | 3.36 | 17.12 | 4.89 | 9.78
(8.92) | (54.11) | (3.05) | (16.85) | (4.62) | (8.94)
[Zn(Ls)s] 9.92 | 5496 | 3.35 | 17.09 | 4.88 | 9.77
(8.86) | (54.11) | (2.92) | (16.78) | (4.22)
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[Co(L4),] 47.63 21.37
(46.86) (20.79)
[Ni(Ls),] 47.70 21.40
(46.93) (20.87)
[Cu(Ly)] 47.27 21.21
(46.77) (20.85)
[Zn(L4),] 47.20 21.18
(46.46) (20.75)
[Co(L,)(L,)] 61.45 16.98
(60.88) (15.76)
[Ni(L1)(L,)] 61.53 17.00
(60.13) (16.39)
[Ni(Ly)(L)] 61.53 17.00
(60.13) (16.39)
[Co(L3)(L)] 51.53 19.32
(50.66) (18.82)
[Ni(Ls)(La)] 51.61 19.35
(50.89) (18.96)
[Cu(Ls)(L4)] 51.14 19.17
(50.51) (18.88)
[Zn(Ls)(L4)] 51.06 19.14
(50.74) (18.77)
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TGA/DSC analysis are more useful techniques investigating the

thermal decomposition for metal chelates as seen in Figures (3-36) to

(3-39), the decomposition is shown in Schemes (3-8) to (3-11), the data

are listed in Table (3-11).

Table (3-11): Characterization parameters of thermal decomposition

Compounds

(10°C min™) metal complexes.

TGA

TDTGmax

Weight mass
loss % calc
(found)

Reaction

Total
mass
10ss%

18.681

(20.016)

-CgH10N;

75.549
(75.030)

56.868

(55.014)

'C24H22N403

Wight experimental

ZnlL;

loss (75.0

78

578.6

NiO, CgHgN,)

-NiO, CsHsN,
30)% , final (24.970)%, wight theoretical loss (75.549)% and
Final (24.451)% with (

289.4

70.076
(69.008)

'C28H11N8

70.076
(69.008)

-Zn0,C,S,

Cul,

61.3

187.5

Wight experimental loss (69.008)%, final (30.992)%, wight theoretical loss (70.076)% and

Final (29.924)% with (Zn0,C,S,)
336

335

599

436.5

29.242
(30.012)

-CO, Cg¢ HsN;

76.969
(75.571)

47.727
(45.559)

'C16H11N8

Wight experimental

-CuC,S

NiL,

76

loss (75.571)%, fin
Final (23
272.5

153.4

al (24.429)%, Wight theoretical loss (76.969)% and
.031)% with (CuC,S)

411

337.4

28.456
(30.502)

-H,0,
CsH1oNO;

81.872
(80.633)

598

480

31.501
(29.972)

-Cy3H10N,O

21.915
(20.159)

-CoHgN4

-NiO, CgHgN

Wight experimental loss (80.633)%, final (19.367)%, Wight theoretical loss (81.872)% and

Final (18.128)% with (NiO,Cg H;N)
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I:gngl]ﬁ Z gggég - C24H22N403
CsHgN>, NiO

found = 75.030 % calcul =75.549 %
final= 24.970 % final = 24.451 %

Scheme (3-8): The tentative decomposition reaction of [Ni(L;),]

complex.
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Figure (3-36): TG/DSC Thermogram of [Ni(L;),] complex.
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final= 19.367 % final = 18.128 %

Scheme (3-9): The tentative decomposition reaction of [Ni(L,),].H,O

complex.
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Figure (3-37): TG/DSC Thermogram of [Ni(L,),.].H,O complex.

109




Chapter three Results & Discussion

C3oH11Ng0,S,Zn
clcul = 7076 | - CaatuM
C,S,0,Zn
found = 69.008 % calcul =70.076 %
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Scheme (3-10): The tentative decomposition reaction of [Zn(L3),]

complex.
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Figure (3-38): TG/DSC Thermogram of [Zn(Ls),] complex.
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Scheme (3-11): The tentative decomposition reaction of [Cu(L,),]
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Figure (3-39): TG/DSC Thermogram of [Cu(L,),] complex.
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3.9.2. Mass spectra of metal chelates

The mass spectra of the complexes displays peaks centered at
m/z= 729, 772, 654, 661, 741 and 656 due to the formulas C33H3sNgO4Co,
CssH3sN1004Ni.H,0, C30H22NgS,0,Cu, Cy6H16N10S,04Zn, C3H37NgO4Ni
and CygH13NeS,03Cu respectively. The general pattern of fragmentation
are summarized in Schemes (3-12) to (3-17), see Figures (3-40) to (3-45).
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Scheme (3-12): Fragmentation pattern for [Co(L,),] complex.
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Figure (3-40): Mass spectrum for [Co(L,),] complex.
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Figure (3-41): Mass spectrum for [Ni(L,),].H,O complex.
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Figure (3-42): Mass spectrum for [Cu(Ls),] complex.
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Figure (3-43): Mass spectrum for [Zn(L,),] complex.
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Figure (3-45): Mass spectrum for [Cu(Ls)(L,)] complex.
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3.9.3. Solubility

Table (3-12), summarized the solubility of metal chelates in
various solvents.

Table (3-12): Solubility for complexes in different solvents.

Distal
water

Compounds | Ethanol | Acetone | Benzene

[Co(La)]
[Ni(La)]
[Cu(La)]
[Zn(L4)2]
[Co(L,)2]-H0
[Ni(L)2].H.0O
[Cu(L,)2].H0
[Zn(L2)2].H20
[Co(Ls)]
[Ni(Ls)]
[Cu(Ls)]
[Zn(L3).]
[Co(L4)2]
[Ni(La)]
[Cu(La)]
[Zn(L4)2]
[Co(L1)(L2)]
[Ni(L1)(L2)]
[Cu(Ly)(L2)]
[Zn(L1)(L2)]
[Co(Ls)(L4)]
[Ni(Ls)(La)]
[Cu(Ls)(L4)]
[Zn(Ls)(La)]

Soluble (+), sparingly (=)

+| +

+

ol S O I o I I o I o o o S o (O o e o NS B (R TN IS IS (S
o S o N o N NS R N o o (o o o (O o o I O O o A o IS (S
o I e o o I S B o e e A A e e A S A R A A

+| +| +| +| | H| +| +H| +
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3.9.4. Molar conductivity
Molar conductance values for metal chelates in dimethysulphoxide
(DMSO), (10 mole/L) have been measured at room temperature. The

molar conductance scopes contained for these complexes, Table (3-14)

are in a good agreement with that recorded in the literature for non
electrolyte type[138], see Table (3-13)

Table (3-13): Molar conductance data at different solvents.

122

Solvent Non- Electrolyte type
| Electrolyte | 1:1 1:2 1:3 1:4 |
| Water 0.0 120 240 360 480 |
Ethanol 0-20 35-45 | 70-90 120 160 |
Nitro methane 0-20 75—-95 | 150-180 | 220-260 | 290-330
Methyl cyanide 0-30 120-160 | 220-300 | 340-420 | 500
DMF 0-30 65-90 | 130-170 | 200-240 | 300
DMSO 0-20 30—-40 | 70-80
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Table (3-14): Molar conductance for metal chelates in
dimethylsulphoxide (DMSO) (107 mole/L).

An (S.cm?. mol™)

STV Complexes
19.20 [Co(Ly),]
15.00 [Ni(Ly)2]
16.81 [Cu(L,)]
18.30 [Zn(Ly):]
14.11 [Co(L,),].H,0

| 19.20 [Ni(L,),].H,O |
| 16.20 [Cu(L,),].H,O |

10.93 [Zn(L,).].H,O
16.77 [Co(Ls),]
13.70 [Ni(Ls).]
18.32 [Cu(Ls),]
17.70 [Zn(Ls),]
12.63 [Co(Ls),]
13.42 [Ni(Ls)2]
17.80 [Cu(Ly)]
11.50 [Zn(Ls),]
19.60 [Co(L1)(Ly)]
16.50 [Ni(Ly)(L,)]
18.21 [Cu(Ly)(L,)]
11.67 [Zn(L1)(L,)]
13.90 [Co(L3)(L4)]
15.30 [Ni(Ls)(L4)]
18.80 [Cu(Ls)(L,)]
8.46 [Zn(Ls)(L4)]
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3.9.5. Magnetic properties

Magnetic susceptibility for prepared complexes was measured
and the data were listed in Table (3-15), the values of effective magnetic
moment (peg) for Co(ll), Ni(ll) and Cu(ll) complexes corresponded to
high spin octahedral geometry around metal ion, except Zn(ll) complexes
are diamagnetic in nature (3d'°)[139,140].

The total magnetic moment has been characterized by the spin

quantum number (S) and orbital angular momentum (L) according to:-

s, =~/4S(S+1)+L(L+1) B.M

At first transition metal series, magnetic moment has been

calculated for spin only according to:-

s =~/4S(S +1) BM,S=n/2
s =~/n(N+2) B.M

The results obtained from magnetic balance have been corrected

for diamagnetic effect using the following relationship, see Table (3-15).

Ly =2.828 (X, T B.M

Xa= XD

Xmn= Xg.Mwt

L= effective magnetic moment.

T= absolute temperature (Kelvin).
Xa= atomic susceptibility.

Xm= molar magnetic susceptibility.
Xg= gram magnetic susceptibility.

D= diamagnetic function (gmatom™).
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Table (3-15): Magnetic moments data for the prepared metal chelates
at 296°K .

[Co(L1)2]

8619.46

[Ni(Ly)2]

3399.76

3635.72

[Cu(Ly)2]

1012.92

1248.88

[Co(Ly).].H.O

10822

11057.48

[Ni(L2)].H.O

3281

3516.48

[Cu(Ly).].H.O

1050.3

1285.78

[Co(Ls)]

9280.7

9444.48

[Ni(Ls)2]

3674.16

3837.94

[Cu(Ls):]

1098.72

1262.5

[Co(L4)2]

9811.9

9968.44

[Ni(Ls)]

3433.5

3590.04

[Cu(La)]

1122

1278.54

[Co(L1)(L2)]

9185.96

9421.68

[Ni(Lo)(L2)]

3327.09

3562.81

[Cu(Ly)(L2)]

1045.58

1281.52

[Co(L3)(La)]

8039.16

8199.32

[Ni(Ls)(La)]

3378.69

3538.85

[Cu(Ls)(L4)]

1077.48

1237.64
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3.9.6. FT-IR spectra of complexes
3.9.6.1. FT-IR spectra of azo ligand (L) metal chelates

FTIR spectra of azo ligand (L) and their metal chelates have been
collated, and the data was scheduled in Table (3-16). The broad band in
the spectrum of the ligand, Figure (3-19) at 3410 cm™, that was described
into the stretching vibration from v(OH) phenol, the disappearance of this
band at the spectra with all produced compounds pointed out the
deprotonation for phenol group to coordination with metal ion[141].
Spectrum presented band in 1666 cm™ because of v(C=0) vibration, on
complexation, this band has been removed to lower frequency implying
the coordination with metal ion[142]. Band differentiating of the azo
group at 1585 cm™ displaced into lower wave number for change during
shape at spectra for all produced compounds[143]. The bands at the rate
(1319-1496 cm™) due to bending frequency of (8CH3)[144]. Stretching
frequency bands to metal-nitrogen on other than metal-oxygen
more[145,146] assured by the existence to the bands at rate 432-489 cm™,
see Figures (3-46) to (3-49).
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Table (3-16): Infrared spectral data for the azo ligand (L;) and their

metal chelates (cm™).

Compound 0(CHz)ass

Ligand(L,) | 3410 br. | 1666 sh. | 1585 sh. | 1496 sh.
1442 s.
1415 sho.
1369 sh.
1319 sh.
1492 sh.
1458 sh.
1396 sh.
1311 sh.
[Ni(L1)2] 1492 sh.
1458 sh.
1419 sho.
1396 sh.
1311 sh.
1492 s.
1458 sh.
1400 sh.
1373 sho.
1311 sh.
[Zn(L1),] : 1492 s,
1458 sh.
1400 sh.
1311 sh.

As= asymmetry, s= symmetry, br=broad, sh=sharp, s= strong, w= weak, sho=shoulder
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Figure (3-47): FTIR spectrum of the [Ni(L;),] complex.
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Figure (3-49): FTIR spectrum of the [Zn(L),] complex.
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3.9.6.2. FT-IR spectra of azo ligand (L,) metal chelates

Spectra for azo ligand (L,) and their metal chelates have been
collated, and the data was listed in Table (3-17). Spectrum of the ligand,
Figure (3-21) exhibited bands at 3487 cm™ and 3414 cm™ were assigned
to asymmetric and symmetric stretching vibration of v(NH,)respectively,
at the spectra of all produced compounds pointed out the deprotonation
for amino group to v(NH) group which appeared at lower frequency
because of coordination with metal ion[147]. Band at 1678 cm™ due to
carbonyl v(C=0) of acetyl group, no significant change in this band was
noticed, the possibility that coordination occur via the donating atom in
this group was excluded[148]. Band presented at 1657 cm™ because of
v(C=0) vibration, on complexation this band has been removed to lower
frequency implying the coordination with metal ion[149]. Band of the azo
group at 1512 cm™ displaced into higher wave number for change during
shape at spectra for all produced metal chelates[150]. The bands at 1597
cm™ and at (1496, 1454, 1411, 1357, 1307) cm™ due to stretching
vibration of v(C=C) and bending frequency of (6CHjs) sequences[151].
The presence of hydrate water in the spectra of all complexes[152], were
suggested by the very broad absorption around (3414-3525) cm™.
Stretching frequency bands to metal-nitrogen on other than metal-oxygen
more[153,154], assured by the existence to the bands at rate 455-497 cm’
! see Figures (3-50) to (3-53).
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Table (3-17): Infrared spectral data for the azo ligand (L,) and their

Compounds

L(NH>)
v(NH)

metal chelates (cm™).

v(C-0)
acetyl
pyrazole

v(C=C)
v(N=N)

Results & Discussion

8(CHS)as.s
U(HzO)

Ligand (L))

3487 sh.
3414 sh.

1678 s.

1657 sho.

1597 sh.

1512 sho.

1496 s.
1454 sh.
1411 s.
1357 sh.
1307 sh.

[Co(L;).].HO

3375 br.

1678 s.

1631 sho.

1597 s.

1519 sho.

1492 sh.
1454 sh.
1408 s.
1357 sh.
1303 sho.
3417 br.

[Ni(L2)2].H20O

3210 sho.

1597 sh.

1516 sho.

1492 s.

1454 s,

1404 s.
1357 sh.
1307 sho.
3417 br.

[Cu(L>).].H,O

3174 br.

1681 s.

1643 sho.

1593 s.

1520 sho.

1492 sh.
1454 s,
1357 sh.
1303 s.
3414 br.

[Zn(Ly)2].H:0O

As= asymmetry, s= symmetry, br=broad, sh=sharp, s= strong, w= weak, sho= shoulder

3221 br.

1678 s.
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1640 sho.

1492 sh.
1454 sh.
1408 s.
1357 sh.
1303 sho.
3525 br.
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Figure (3-50): FTIR spectrum of the [Co(L,),].H,O complex.
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Figure (3-51):

FTIR spectrum of the [Ni(L,),].H,O complex.
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Figure (3-52): FTIR spectrum of the [Cu(L,),].H,O complex.
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Figure (3-53):

FTIR spectrum of the [Zn(L,),].H,O complex.
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3.9.6.3. FT-IR spectra of azo ligand (L3) metal chelates

Spectra for azo ligand (Ls), Figure (3-23), and their metal chelates,
Figures (3-54) to (3-57) have been collated, and the data was listed in
Table (3-18). Ligand spectrum exhibited bands at 3483 cm™ and 3414
cm™® which were assigned to asymmetric and symmetric stretching
vibration of v(NH,) respectively, at the spectra of all produced
compounds pointed out the deprotonation for amino group to v(NH)
group which appeared at lower frequency because of coordination with
metal ion[155]. Band at 1678 cm™ due to carbonyl v(C=0) of acetyl
group, no significant change in this band was noticed, the possibility that
coordination occur via the donating atom in this group was
excluded[156]. Strong band at 1654 cm™ described to v(C=N) of thiazole
ring, at the spectra of metal chelates this band has been removed to lower
frequency implying the coordination with metal ion[157]. Band of the azo
group at 1531 cm™ displaced into lower wave number for change during
shape at spectra for all produced compounds[158]. Bands at 1589 cm™
and 1570 cm™ attributed to v(C=C), and the bands at (1442, 1423, 1396
and 1342) cm™ lead to bending vibration of &(CHj) group[159].
Stretching frequency bands to metal-nitrogen more[160,161] assured by
the existence to the bands at rate 432-484 cm™.
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Table (3-18): Infrared spectral data for the azo ligand (L3) and their

metal chelates (cm™).

Compounds 8(CHa)ass

Ligand(L5) 3483sh. | 1678 sho. | 1589 sh. | 1442 sh.
3414 sh. 1654 s. | 1570sho. | 1423 sh.

- 1531s. 1396 sh.
1342 sh.
[Co(L3)2] — 1678 sh. | 15597 sh. | 1446 sh.
3421 br. | 1635sho. | 1570 sho. | 1415 sh.
1508 sh. 1346 s.
[Ni(L3)2] 1678 sh. | 1597 sh. | 1446 sh.
1639s. | 1586 sho. | 1419 sh.
1512 sh. | 1357 sh.
[Cu(L3),] — 1678 s. 1597 sh. | 1450 sh.
3425 br. | 1635 sho. | 1572 sho. | 1423 sh.
1519sh. | 1392 sh.
1357 s.
[Zn(L3)2] 1678 sh. | 1600sh. | 1454 sh.
1620 sho. | 1558 sho. | 1427 sh.
1508 sh. | 1396 sh.
1357 sh.

As= asymmetry, s= symmetry, br=broad, sh= sharp, s= strong, w= weak, sho =shoulder
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Figure (3-54): FTIR spectrum of the [Co(L3),] complex.
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Figure (3-55): FTIR spectrum
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Figure (3-57): FTIR spectrum of the [Zn(Ls),] complex.
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3.9.6.4. FT-IR spectra of azo ligand (L) metal chelates

Azo ligand (Lg4), Figure (3-25), and their metal chelates, Figures
(3-58) to (3-61) have been collated, and the data was recorded in Table
(3-19). Ligand spectrum exhibited bands at 3484 cm™ and 3414 cm™
which were assigned to asymmetric and symmetric stretching
of v(NH,) respectively, at the spectra of all produced compounds pointed
out the deprotonation for amino group too(NH) group which appeared at
lower frequency because of coordination with metal ion[162]. The band
at 1639 cm™ due to v(C=N) group, this band has been removed to lower
frequency implying the coordination with metal ion[163]. Bands at 1593
cm™ and 1562 cm™ described to vibration of v(C=C), the band at 1446
cm™ lead to frequency of v(N=N), into lower wave number for change
during shape at spectra for all produced compounds [164]. Bands at 1508
cm™ and 1332 cm™ which assigned to vibration of asymmetric and
symmetric of v(NO,)[125]. Stretching frequency bands to metal-nitrogen
more assured by the existence to the bands at rate 424-486 cm™[165,166].
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Table (3-19): Infrared spectral data for the azo ligand (L,) and their

metal chelates (cm™).

Compounds

Ligand(L,) 3484 s. 1639 sh. 1593 sh. 1508 sh.
3414 sh. 1562 sh. 1334 sh.

- 1446 s.
[Co(L4)2] - 1593 sh. 1512 sh.
3383 br. 1560 sho. 1338 s.
1427 sh.
[Ni(Ls)-] — 1630 sho. 1593 s. 1512 sh.
3394 br. 1561 sho. | 1338 sh.
1427 sh.
[Cu(Ls4),] - 1593 sh. 1512 sh.
3379 br. 1558 sh. 1334 sh.
1427 sh.
[Zn(L4)] - 1608 sh. 1597 s. 1512 s.
3352 br. 1558 sh. 1338 s.
1427 sh.

As= asymmetry, s= symmetry, br=broad, sh=sharp, s= strong, w= weak, sho= shoulder
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Figure (3-58): FTIR spectrum of the [Co(L,),] complex.
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Figure (3-59): FTIR spectrum of the [Ni(L,4),] complex.
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Figure (3-61): FTIR spectrum of the [Zn(L,),] complex.
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3.9.6.5. FT-IR spectra of mixed ligand (L, L,) metal chelates

Mixed ligands metal chelates, Figures (3-62) to (3-65) shows
disappearance of v(OH) frequency in ligand (L) and deprotonation for
amino group in ligand (L) at the spectra of all produced compounds lead
to coordinate with metal ion[167]. Band at 1674 cm™ due to v(C=0) of
acetyl group, no significant change in this band was noticed, the
possibility that coordination occur via the donating atom in this group
was excluded[168]. Bands presented at (1593-1624) cm™ because of
v(C=0) of pyrazole ring, removed to lower frequency implying the
coordination with metal ion[169]. Bands at (1487-1527) cm™ lead to
frequency of v(N=N)[170]. Stretching frequency bands to metal-nitrogen
on other than metal-oxygen more[171,172] assured by the existence to the
bands at rate 439-497 cm™, see Table (3-20).
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Table (3-20): Infrared spectral data for mixed ligand (L., L,) metal

chelates (cm™).

Compounds v(C=0) acetyl

v(C=0) amide

Ligand(L,) _ 1585 sh.
1666 sh.

Ligand(L,) | 3487 sh. 1678 s. 1512 sho.
3414 sh. 1657 sho.
[Co(Ly)(L2)] - 1674 s. 1519s.
3448 br. 1624 sho. 1489 sh.
1600 s.
[Ni(L)(L)] — 1674 s. 1512 sh.
3433 br. 1622 s. 1488 sho.
1593 s.
[Cu(Ly)(L2)] - 1674 s. 1516 sh.
3360 br. 1612 s. 1488 sho.
1593 sho.
[Zn(L)(Ly)] — 1674 sho. 1527 s.
3479 br. 1624 s. 1487 s.
1597 s.

br = broad, sh = sharp, s = strong, w = weak, sho =shoulder
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Figure (3-63): FTIR spectrum of the [Ni(L,)(L,)] complex.
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Figure (3-64): FTIR spectrum of the [Cu(L,)(L,)] complex.
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Figure (3-65): FTIR spectrum of the [Zn(L;)(L,)] complex.
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3.9.6.6. FT-IR spectra of mixed ligand (L3, L) metal chelates

Mixed ligands metal chelates, Table (3-21) and Figures (3-66) to
(3-69) shows deprotonation for amino group at the spectra of all produced
compounds described to coordinate with metal ion[173]. Band in
spectrum of (L) at 1678 cm™ due to v(C=0) of acetyl group, no
significant change in this band was noticed, the possibility that
coordination occur via the donating atom in this group was
excluded[174]. Bands presented at (1597-1643) cm™ because of v(C=N)
of thiazole ring, removed to lower frequency implying the coordination
with metal ion[175]. Bands at 1423 and 1427 cm™ lead to v(N=N)
vibration[176]. Bands at 1334-1512 cm™ assigned to vibration of
asymmetric and symmetric of v(NO,)[125]. Frequency bands to metal-
nitrogen assured by the existence to the bands at rate 443-493
cm™[177,178].
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Table (3-21): Infrared spectral data for mixed ligand (L3, L,)

metal chelates (cm™).

Compounds

Ligand(L3) | 3483sh. | 1678sho. | 1654s.
3414 sh. 1531 s.

Ligand(L,) 3484 s. 1639 sh. 1508 sh.
3414 sh. 1446 s. 1334 sh.
[Co(Ls)(L4)] — 1642 sho. | 1512 sh.
3421 br. 1600 s. 1338 sh.
1423 sh.
1400 sh.
[Ni(L3)(L4)] — 1643 sh. | 1512 sh.
3417 br. 1597 sh. | 1334 sh.
1423 sh.
[Cu(L3)(Ly)] — 1674 sho. | 1635s. 1516 s.
3448 br. 1597 sho. 1338 s.
1450 sh.
1427 sh.
[Zn(L3)(L4)] — 1643 sho. | 1512 sh.
3448 br. 1600 s. 1338 sh.
1454 sh.,
1427 sh.

As= asymmetry, s= symmetry, br= broad, sh= sharp, s= strong, w= weak, sho=shoulder.
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Figure (3-66): FTIR spectrum of the [Co(L3)(L4)] complex.
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Figure (3-67): FTIR spectrum of the [Ni(L3)(L4)] complex.
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Figure (3-68): FTIR spectrum of the [Cu(Ls)(L4)] complex.
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Figure (3-69): FTIR spectrum of the [Zn(L3)(L,)] complex.
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3.9.7. UV-Vis spectra of complexes
3.9.7.1. UV-Vis spectra of azo ligand (L) metal chelates

UV-Vis spectra to the produced compounds melted at ethanol (107
mole/L) were gauged as well the datum formed are listed at Table (3-22),
see Figures (3-70) to (3-73).

Co" spectrum appeared three peaks at (244 nm) (40983 cm™)
(emax=1760 L. mole*.cm™), (350 nm) (28571 cm™) (emax=2119 l.mole™,
cm™) and (460 nm) (21739 cm™) (emax=2119 l.mole.cm™) attributed to
intra ligand and (M—L) charge transfer, new peaks at (732 nm) (13661
cm™) (ema=5 l.mole™.cm™), (868 nm) (11520 cm™) (ema=8 I.mole™.cm™)
and (978 nm) (102240 cm™) (emax=90 l.mole*.cm™) described to
electronic transition type “Tige—="Tige) (V3), “Tigm—= Azgr (L2), and
Tigm— Tage (L1) respectively[179].

Ni" complex exhibited three absorption peaks at (246 nm) (40650
cm™) (emax=1482 l.molet.cm™), (354 nm) (28248 cm™) (emax=1775
l.mole.cm™) and (458 nm) (21834 cm™) (emax=247 . mole™.cm™) which
were assigned to intra ligand and (M—L) charge transfer. Other peaks at
(724 nm) (13812 cm™) (emx=19 L.mole™.cm™), (894 nm) (11185 cm™)
(emax=3 l.molet.cm™) and (982 nm) (10183 cm™) (gmax=25 l.mole™t.cm™)
were assigned to electronic transition type *Az—>Tige)(La), *Azg—"Tigm)
(02) and *Ayy—>Tayr (1) respectively[180].

Cu" complex showed peaks at (246 nm) (40650 cm™) (ema=1242
l.mole.cm™), (352 nm) (28409 cm™) (emax=1570 lL.mole*.cm™) and
(481 nm) (20790 cm™) (ema=178 L.mole™.cm™) due to intra ligand and
(M— L) charge transfer, while peak at (980 nm) (10204 cm™) (emax=18

l.mole™*.cm™) described to electronic transition type “E,—"T,,[181] .
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Spectrum of Zn'" complex showed peaks at (246 nm) (40650 cm™)
(emax=1531 L.molet.cm™), (354 nm) (28248 cm™) (emax=1914 L. mole™.
cm™) and (450 nm) (22222 cm™) (emas=378 l.mole™.cm™) lead to intra
ligand and (M—L) charge transfer. Magnetic susceptibility showed that
the complex has diamagnetic moments, because d-d transition are not
possible hence electronic spectra did not give any fruitful information, in
fact this result is a good agreement with previous work of octahedral

geometry[182].
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Table (3-22): UV-Vis spectral data for azo ligand (L;) metal chelates.

Compounds

Wave number

(cm™)

Emax

(L.mol™*.cm™)

Transition

Assignment

[Co(Ly)2]

TE'TC*
(M—L)C.T
Tigm— Tage
Tigp—>" Aoy

4 4
Tigm— Tog)

[Ni(Ly)2]

x
-

*
-

(M=L)C.T

“Aagrr—>"Tage)

3 3
Aogr— " TigF)

3 3
Aagm—" Tog(F)

[Cu(Ly)e]

TE'TC*
TIZ'TC*
(M—L)C.T

2 2

[Zn(Ly).]
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Figure (3-70): UV-Vis spectrum for [Co(L,),] complex.
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Figure (3-71): UV-Vis spectrum for [Ni(L,),] complex.
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Figure (3-72): UV-Vis spectrum for [Cu(L,),] complex.
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Figure (3-73): UV-Vis spectrum for [Zn(L;),] complex.
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3.9.7.2. UV-Vis spectra of azo ligand (L,) metal chelates

UV-Vis spectra to the produced azo ligand (L,) and metal chelates
melted at ethanol (10 mole/L) were gauged as well the datum formed
are recorded at Table (3-23) and Figures (3-74) to (30-77).

Co" spectrum appeared two peaks at (254 nm) (39370 cm™)
(emax=817 I.mole™.cm™) and (442 nm) (22624 cm™) (emx=368 l.mole™,
cm™) attributed to intra ligand and (M—L) charge transfer. New peaks at
(572 nm) (17482 cm™) (emax=185 l.mole™.cm™), (858 nm) (11655 cm™)
(emax=17 L.mole™.cm™) and (978 nm) (10224 cm™) (ema= 95 l.mole™,
cm™) which were assigned to electronic transition type “Tige—>"Tage)(L3),
Tigm—="Asg (02) and *Tyge—"Togr (L1) respectively[183].

Ni" complex displayed three absorption peaks at (240 nm) (41666
cm™) (emx=1308 L.molet.cm™), (298 nm) (33557 cm™) (emx=1361
l.mole.cm™) and (440 nm) (22727 cm™) (emax=917 L. mole™.cm™) which
described to intra ligand and (M—L) charge transfer. Peaks at (592 nm)
(16891 cm™) (emax=341 L. mole™*.cm™), (886 nm) (11286 cm™) (emm=20
l.mole.cm™) and (978 nm) (10224 cm™) (emax=111 L. mole™*.cm™) which
were assigned to electronic transition type *Ayy—"Tiyp)(L3), Asg—"Tig)
(02) and Ay —*Taye (L1) respectively[184].

Cu" complex showed peaks at (236 nm) (42372 cm™) (ema=2155
l.mole.cm™), (296 nm) (33783 cm™) (ema=17857 l.mole™.cm™) and (560
nm) (17857 cm™) (emx=640 l. mole.cm™) due to intra ligand and (M—L)
charge transfer, while peak at (974 nm) (10266 cm™) (ema=137
l.mole™.cm™) attributed to electronic transition type 2Eg,—>2T2g[185].

Zn" complex showed peaks at (294 nm) (34013 cm™) (emax=1571
l.mole.cm™) and (476 nm) (21008 cm™) (emax=505 l.mole™.cm™) lead to

intra ligand and (M—L) charge transfer, and the magnetic susceptibility
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shows that the complex has diamagnetic moments, because d-d transition

are not possible hence electronic spectra did not give any fruitful

information, in fact this result is a good agreement with previous work of

octahedral geometry[186].

Table (3-23): UV-Vis spectral data for azo ligand (L,) metal chelates.

Compounds

Ligand(L,)

Wave number

(cm™)

Smax

(L.molt.cm™)

Transition

Assignment

[Co(L,).].H.0

-1
(M—L) C.T
Tigr—>"Tage)
Tigm—>"Asgp)

Tigp—>"Tag

[Ni(L).].H.0

TC'TC*
TC'TC*
(M—L) C.T

Aoy Tage)

3 3
Azg(F)—> Tlg(F)

3 3
Aagr— Tag(r)

[Cu(L2).].H0

*

T-TT
TC-TC*
(M—L)C.T

2 2

[Zn(L>),].H.0
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Figure (3-74): UV-Vis spectrum for [Co(L,),].H,O complex.
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Figure (3-75):

UV-Vis spectrum for [Ni(L,),].H,O complex.
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Figure (3-76): UV-Vis spectrum for [Cu(L,),].H,O complex.
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Figure (3-77)

: UV-Vis spectrum for [Zn(L,),].H,O complex.
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3.9.7.3. UV-Vis spectra of azo ligand(L3) metal chelates

UV-Vis spectra for the ligand and their metal chelates melted at
ethanol (10" mole/L) were gauged as well the datum formed are listed at
Table (3-24).

Co" spectrum showed peaks at (217 nm) (46082 cm™) (ema=914
l.mole™.cm™), (271 nm) (36900 cm™) (ema=587 l.mole™.cm™), (418 nm)
(23923 cm™) (emx=961 lL.mole*.cm™) and (458 nm) (21834 cm™)
(emax=618 lL.mole™.cm™) attributed to intra ligand and (M—L) charge
transfer, other peaks at (754 nm) (13262 cm™) (emax=6 . mole™.cm™), (864
nm) (11574 cm™) (emn=9 l.mole.cm™) and (978 nm) (10224 cm™)
(emax=96  l.mole*.cm™®) due to electronic transition  type
Tp=>Tues), Tgp—> Ay (1) and  Tip>"Tye  (V1),
respectively[187].

Ni" complex exhibited fourth absorption peaks at (220 nm) (45454
cm?) (emax=1829 l.mole*.cm™), (272 nm) (36764 cm™) (eman=1118
l.mole™.cm™), (400 nm) (25000 cm™) (€max=2276 . mole™.cm™) and (466
nm) (21459 cm™) (enax=500 l.mole™.cm™) which were described to intra
ligand and (M—L) charge transfer. New peaks at (732 nm) (13661 cm™)
(emax=4 |.mole™.cm™), (886 nm) (11286 cm™) (emm=6 l.mole™.cm™) and
(972 nm) (10288 cm™) (ema=62 1.mole™.cm™) were assigned to electronic
transition type *Ax—"Tigp) (V3), *Asg—="Tigr (V2) and *Azy—>Togr (V1)
respectively[188].

Cu" complex appeared peaks at (220 nm) (45454 cm™) (emax=1877
l.mole*.cm™), (272 nm) (36764 cm™) (emax=1138 l.mole™".cm™), (404 nm)
(24752 cm™) (ema=1817 L.mole*.cm™) and (470 nm) (21276 cm™)

(emax=725 l.mole™.cm™) lead to intra ligand and (M—L) charge transfer,
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other than peak at (886 nm) (11286 cm™) (emax=75 l.molet.cm™)
described to electronic transition type “E,—"T,[189].

Zn" complex displayed peaks at (218 nm) (45871 cm™) (gma=843
l.mole.cm™), (271 nm) (36496 cm™) (emax=489 I.mole™.cm™), (398 nm)
(25125 cm™) (emax=799 lLmolet.cm™) and (472 nm) (21186 cm™)
(emax=247 l.mole™.cm™) lead to intra ligand and (M—L) charge transfer,
and the magnetic susceptibility shows that the complex has diamagnetic
moments, because d-d transition are not possible hence electronic spectra
did not give any fruitful information, in fact this result is a good
agreement with previous work of octahedral geometry[190], see Figures
(3-78) to (3-81).
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Table (3-24): UV-Vis spectral data for azo ligand (L3) metal chelates.

Compounds .| Wave number Emax Transition

(cm™) (L.molt.cm™) | Assignment

Ligand(Ls) 45871 1950
37037 1066
25252 2039
[Co(Ls),] 46082 914
36900 587
23923 961 -

21834 618 (ML) C.T
13262 6 Tigm—>"Tige)
11574 J Tg(r > Aager
10224 96 Tram—"Toom
[Ni(Ls)-] 45454 T

36764
25000
21459
13661

11286

10288
[Cu(Ls)] 45454
36764
24752
21276
11286
[Zn(L3)] 45871
36496
25125 -

21186 (M>L)C.T
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Figure (3-78): UV-Vis spectrum for [Co(L3),] complex.
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Figure (3-79): UV-Vis spectrum for [Ni(L3),] complex.
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Figure (3-80): UV-Vis spectrum for [Cu(L3),] complex
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Figure (3-81): UV-Vis spectrum for [Zn(L3),] complex.
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3.9.7.4. UV-Vis spectra of azo ligand (L) metal chelates

UV-Vis spectra for the ligand and their metal chelates melted at
ethanol (10" mole/L) were gauged as well the datum formed are listed at
Table (3-25).

Co" complex showed peaks at (220 nm) (45454 cm™) (emax=1738
l.mole™.cm™), (278 nm) (35971 cm™) (€max=637 . mole™*.cm™) and (480
nm) (20833 cm™) (emax=1593 . mole*.cm™) attributed to intra ligand and
(M—L) charge transfer, other new peaks at (732 nm) (13661 cm™)
(ema=7 1. mole™.cm™), (886 nm) (11286 cm™) (ema=6 l.mole*.cm™) and
(976 nm) (10245 cm™) (emax=37 l.mole™*.cm™) assigned to electronic
transition type “T1ge—"T1gp)(V3), “Tige—="Azg(02) aNd “T g Tagr (V1)
respectively[191].

Ni" complex exhibited absorption peaks at (291 nm) (34364 cm™)
(emax=536 l.molet.cm™) and (478 nm) (20920 cm™) (emax=1379
l.mole™.cm™) described to intra ligand and (M—L) charge transfer. Peaks
at (672 nm) (14880 cm™) (gma=5 l.mole.cm™), (888 nm) (11261 cm™)
(emax=2 l.mole™t.cm™) and (978 nm) (10224 cm™) (ema= 33 1. mole.cm™)
were described to electronic transition type *Ax— Tigp)(3), *Ax—"Tigr)
(02) and *A,g—°T oy (V1) respectively[192].

Cu" complex appeared peaks at (291 nm) (34364 cm™) (emax=1177
l.mole.cm™), (414 nm) (24154 cm™) (ema=2255 l.mole™.cm™) and (476
nm) (21008 cm™) (emn=1974 Lmole*.cm™) due to intra ligand and
(M—L) charge transfer, other than peak at (890 nm) (11235 cm™)
(ema=23 l.mole*.cm™) described to electronic transition type
2Ey—"To[193].

Zn" complex displayed peaks at (219 nm) (45662 cm™) (emax=1218
l.mole™.cm™), (288 nm) (34722 cm™) (ema=617 L. mole™.cm™), (332 nm)
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(30120 cm™) (emax=440 lL.molet.cm™) and (478 nm) (20920 cm™)
(emax=1333 l.mole™.cm™) lead to intra ligand and (M—L) charge transfer,
and the magnetic susceptibility shows that the complex has diamagnetic
moments, because d-d transition are not possible hence electronic spectra
did not give any fruitful information, in fact this result is a good
agreement with previous work of octahedral geometry[194], see Figures
(3-82) to (3-85).
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Table (3-25): UV-Vis spectral data for azo ligand(L4) metal chelates.

Compounds

Wave number

(cm™)

Emax

(L.mol™*.cm™)

Transition

Assignment

Ligand(L,)

45871
34482
24390

2198
785
2340

[Co(L4)2]

45454
35971
20833

13661
11286
10245

1738
637
1593

7
6
37

TC'TE*
(ML) C.T
Tigp—> Tage)
Tigm—> A

Tigp—>"Togm

[Ni(Ls)2]

34246
20920
14880

11261

10224

TC'TE*
(M—L)C.T

3 3
Azgm— " Tagp)

3 3
Ay TagE)

3 3
Agm—" Tog()

[Cu(Ls)]

34264
24154
21008

11235

TT-TT
TC'TIZ*
(ML) C.T

2 2

[Zn(Ls)-]

45662
34722
30120
20920
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Figure (3-82): UV-Vis spectrum for [Co(L4),] complex.
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Figure (3-83): UV-Vis spectrum for [Ni(L,),] complex.
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Figure(3-84): UV-Vis spectrum for [Cu(L,),] complex.
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Figure (3-85): UV-Vis spectrum for [Zn(L,4),] complex.
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3.9.7.5. UV-Vis spectra of mixed azo ligand (L,L,) metal

chelates

UV-Vis spectra to the produced compounds melted at ethanol (10
mole/L) were gauged as well the datum formed are listed at Table (3-26),
see Figures (3-86) to (3-89).

Co" spectrum appeared three peaks at (243 nm) (41152 cm™) (emax
=1270 L.mole™*.cm™), (290 nm) (34482 cm™) (emn=1181 l.mole™.cm™)
and (425 nm) (23529 cm™) (ema=612 L. mole™.cm™) attributed to intra
ligand, new peaks at (751 nm) (13315 cm™) (ema=19 L. mole™*.cm™), (884
nm) (11312 cm™) (emax=16 l.mole™.cm™) and (977 nm) (10235 cm™)
(ema=123 l.mole®.cm™) described to electronic transition type
T Tue(Va), Tigm>"Agr (02 and  Tigp—>"Togry (01
respectively[195].

Ni" complex exhibited two absorption peaks at (270 nm) (37037
cm™) (emn=1462 l.mole™.cm™) and (429 nm) (23310 cm™) (emax=2007
l.mole™.cm™) were assigned to intra ligand. Other new peaks at (752 nm)
(13297 cm™) (emm=13 L. mole™.cm™), (887 nm) (11273 cm™) (ema=14
l.mole.cm™) and (980 nm) (10204 cm™) (enx=68 l.mole™*.cm™) were
assigned to electronic transition type *Ax—Tigp) (V3), *Azg— Ty (L2)
and *A,;—>Toym (01), respectively[196].

Cu" complex showed peaks at (247 nm) (40485 cm™) (emax=2315
l.mole.cm™) and (425 nm) (23529 cm™) (emax=774 l.mole™.cm™) due to
intra ligand, while peak at (886 nm) (11286 cm™) (emx=66 l.mole.cm™)
described to electronic transition type “E,—"T»,[197] .

Spectrum of Zn" complex showed peaks at (262 nm) (38167 cm™)
(emax=1991 L.molet.cm™), (407 nm) (24570 cm™) (emax=1978 L. mole™.
cm™) and (537 nm) (18621 cm™) (ems=487 l.mole™.cm™) lead to intra
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ligand and (M—L) charge transfer, and the magnetic susceptibility shows
that the complex has diamagnetic moments, because d-d transition are not
possible hence electronic spectra did not give any fruitful information, in
fact this result is a good agreement with previous work of octahedral
geometry[198].

Table (3-26): UV-Vis spectral data for mixed azo ligand (L1, L,) metal chelates
Compound .| Wave number - Transition

(cm™) (L.molt.cm™) | Assignment

Ligand(L,) T-m
7['7[*
7['7[*
Ligand(L,) T
7]:'7]:*
[Co(L1)(L2)] -

T-TT

T['TE*
Tige—>"Tge)
Ty Paym)
Tigp—>Tayr
[Ni(L1)(L2)] T

T-TT

*

T-TT

3 3
AZg(F)_) Tlg(P)

3A29(F)_>3Tlg(F)

3 3
Asgr— Tagr)

*

[Cu(L1)(L2)] g
-
2Ey—"Toy
[Zn(L1)(L2)] T
-

(ML) C.T
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Figure (3-86): UV-Vis spectrum for [Co(L,)(L,)] complex.
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Figure (3-87): UV-Vis spectrum for [Ni(L;)(L,)] complex.
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Figure (3-88): UV-Vis spectrum for [Cu(L,)(L,)] complex.
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Figure (3-89): UV-Vis spectrum for [Zn(L,)(L,)] complex.
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3.9.7.6. UV-Vis spectra of mixed azo ligand (L3, L) metal chelates

UV-Vis spectra for the ligands and their metal chelates melted at
ethanol (10" mole/L) were gauged as well the datum formed are listed at
Table (3-27).

Co" spectrum showed peaks at (270 nm) (37037 cm™) (emax=1388
l.molet.cm™) and (415 nm) (24096 cm™) (enx=2116 l.mole*.cm™)
attributed to intra ligand and (M—L) charge transfer, other new peaks at
(752 nm) (13297 cm™) (emw=14 L.mole™*.cm™), (885 nm) (11299 cm™)
(emax=15 1.mole™*.cm™) and (978 nm) (10224 cm™) (emax=73 I.mole™t.cm™)
due to electronic transition type “Tigm—"Tigr)(03), “Tigr—>"Azg (L2) and
Tigm—"Tagr) )(01) respectively[199].

Ni" complex exhibited three absorption peaks at (252 nm) (39682
cm™) (emax=1395 L.molet.cm™), (270 nm) (37037 cm™) (enn=1444
l.mole.cm™) and (452 nm) (22123 cm™) (en=2266 1.mole™.cm™) which
were described to intra ligand and (M—L) charge transfer. New peaks at
(754 nm) (13262 cm™) (emn=6 l.mole*.cm™), (887 nm) (11273 cm™)
(ema=7 L. mole*.cm™) and (979 nm) (10214 cm™) (ema=65 . mole.cm™)
were assigned to electronic transition type *Ay—°Tigp)(03), *Ax—"Tige)
(02), and *Agg—>Toyr (1) respectively[200].

Cu" complex appeared peaks at (270 nm) (37037 cm™) (emax=1406
l.mole.cm™) and (454 nm) (22026 cm™) (emax=2318 I.mole™.cm™) lead
to intra ligand and (M—L) charge transfer, other than peak at (979 nm)
(10214 cm™) (emax=64 1. mole™*.cm™) described to electronic transition
type “E;—°T2,[201].

Zn" complex displayed peaks at (221 nm) (45248 cm™) (ema= 2314
l.mole™*.cm™), (263 nm) (38022 cm™) (emax=1295 L.mole™.cm™), (394 nm)
(25380 cm™)  (emn=644 lmolet.cm™) and (498 nm) (20080
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cm™) (emax=274 l.mole™.cm™) lead to intra ligand and (M—L) charge
transfer. Magnetic susceptibility showed that the complex has diamagnetic
moments, because d-d transition are not possible hence electronic spectra
did not give any fruitful information, in fact this result is a good agreement
with previous work of octahedral geometry[202], see Figures (3-90) to (3-
93).

Table (3-27): UV-Vis spectral data for mixed azo ligand (L3, L) metal chelates.

Compound .| Wave number G- Transition
(cm™) (L.molt.cm™) | Assignment
Ligand(L,) -1

T-TT

*

*

T-TT
Ligand(L,) -1

T-TT

*

T

[Co(Ls)(L4)] T
(M—L)C.T

Tigp— Tige)

Tigm—>"Agr)
Tige—>"Tam
[Ni(Ls)(L4)] T
T-TT
(M—L)C.T
3A29(F)_>3Tlg(P)

3 3
Asgr— T1g)

A" Tagm)
[Cu(Ls)(La)] -
(ML) C.T
BTy
[Zn(L1)(L2)] T

-7

*

-

(ML) C.T
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Figure (3-90): UV-Vis spectrum for [Co(L3)(L4)] complex.
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Figure (3-91): UV-Vis spectrum for [Ni(L3)(L4)] complex.
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Figure (3-92)
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Figure (3-93): UV-Vis spectrum for [Zn(L3)(L4)] complex.
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3.10. The Proposed molecular structures

Analytical physico-chemical data of the metal chelates due to
hexacoordinate models, and the azo ligands acted as tridentate chelating
react with metal ions through the azo group and the substance group in
ortho position, other than the oxygen or nitrogen in five aromatic ring, see
Figures (3-94) to (3-99).

CHj

M? = Co, Ni, Cu and Zn

v("
CHj

L o) — b
\CH3 bt

Figure (3-95): Suggested geometry for metal chelates of ligand (L.,).
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Figure (3-97): Suggested geometry for metal chelates of ligand (L,).
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CHg

Figure (3-98): Suggested geometry for mixed azo ligand(L,L,) metal

chelates.

NO,

M?* = Co, Ni, Cu and Zn

=C
o CHg

Figure (3-99): Suggested geometry for mixed azo ligand (L3, L,)

metal chelates.
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3.11. Biological activity

Qualitative screening for antimicrobial activities was performed
preliminarily using the disc diffusion assay, in vitro microbial activities
were measured from the diameter of clear inhibition zones caused by
samples against the same bacteria and fungi under the same experimental
condition. To verify the stability of new complexes in
dimethylsulphoxide (DMSO) solution a long term. Microbial activity of
the ligands and its metal chelates were tested on microorganisms.
Bioactive were appreciated by measuring the growth inhibition zone
against test organisms and minimal inhibition concentration[203]. It was
found that the synthesized new metal complexes exhibited promising
antibacterial and antifungal activity against: Staphylococcus aureus,
Esherichia Coli, Candida albicans and Candida tropicalis, see Table (3-
28) and Figures (3-100) to (3-103).
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Table (3-28): Diameters (mm) at suppression for microbial activity to

Compounds

the azo ligands and compounds.

Staphylococcus

aureus

Esherichia
coli

Candida
albicans

Candida
tropicalis

17

12

10

[Co(L1)2]

15

15

[Ni(L1)2]

14

13

16

[Cu(Ly)2]

11

11

8

[Zn(L1)]

15

11

11

Ligand (L,)

12

12

[CO(Lz)z].HZO

15

[Ni(L2)2].H20

12

13

[CU(Lz)z].HZO

15

14

[Zn(Lz)z] . Hzo

20

17

Ligand (L3)

13

11

[Co(Ls)2]

14

14

[Ni(Ls)2]

11

14

[Cu(Ls)2]

21

21

[Zn(Ls)]

13

12

Ligand (L4)

16

14

[Co(L4)2]

13

15

[Ni(La)]

16

15

[Cu(La)2]

15

15

[Zn(Ls)]

17

19

[Co(L1)(L2)]

15

[Ni(L1)(L2)]

14

14

[Cu(Ly)(L2)]

15

12

[Zn(L1)(L2)]

14

21

[Co(Ls)(La)]

13

12

[Ni(L3)(La)]

15

14

[Cu(Ls)(La)]

15

12

[Zn(L3)(L4)]

20

15
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Figure (3-100): Bacterial activity for azo ligands and their metal

chelates against Staphylococcus aureus.
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Figure (3-101): Bacterial activity for azo ligands and their metal

chelates against Esherichia coli.
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Figure (3-102): Antifungal activity for azo ligands and their metal

chelates against Candida albicans.
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Figure (3-103): Antifungal activity for azo ligands and their metal

chelates against Candida tropicalis.
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3.12. Dyeing

Azo dyes are very important type of organic compounds, who use
in scientific research. Synthetic these azo dyes have been used in different
commercial application [204]. For many years, azo dyes have been used
in various applications such as dyeing of textile fibres, coloring of various
materials and advanced organic synthesis. It have been widely used as
dyes for synthetic polyamide and as pigments[205].

Meal complexes of acidic azo dyes are very important role in
industrial textile. Cr(lll) and Co(lll) complexes have been used for
dyeing of wool and synthetic polyamides, metal chelate of azo dyes are
applied for the wool by the treatment of dye wool with chromate or
dichromate salts, Cr(IV)[206].

In 2015 Chhowala and Desai [207], synthesized a new Ni" and Cu"
azo dye complexes having good light fastness on silk fabrics, see Figure
(3-104).

Br
SO,H

M2+ = Ni and Cu

Figure (3-104): Ni'"' and Cu'"-azo dye complexes.
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In 2017 El-Wakiel, et.al [208], synthesized a new Co", Ni" and
Cu" azo dye complexes having good light fastness on polyester fabrics,
see Figure (3-105).

O,N

"\
N

X

A\
/
N
NO,

AN

M'" = Co, Ni, Cu
X= 2H,0, 2MeOH, 2H,0
Y =H,0, MeOH, 0

|N

Figure (3-105): Co", Ni" and Cu"-azo dye complexes.

187



Chapter three Results & Discussion

Recently, various heterocyclic azo dyes and their metal chelates
have been synthesized and used in industrial textile were investigated
[209,210]. Azo dyes ligands and their metal chelates have been tested on
cotton fabric, the dyeing has been done due to experimental part (2-9),
see Figures (3-106) to (3-111).
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Figure (3-106): Textiles dyeing by azo ligand (L) and their metal

chelates.

189



Chapter three Results & Discussion

Figure (3-107): Textiles dyeing by azo ligand (L,) and their metal

chelates.
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Figure (3-108): Textiles dyeing by azo ligand (L) and their metal

chelates.
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Figure (3-109): Textiles dyeing by azo ligand (L,) and their metal

chelates.
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Figure (3-110): Textiles dyeing by mixed azo ligand (L,L,) metal
chelates.
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Figure (3-111): Textiles dyeing by mixed azo ligand (Ls,L4) metal

chelates.
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Conclusions

1. Produced azo dyes (L;-L4) appeared tridentate ligand with the metal
ions to formation five and six rings.

2. Electronic spectra for metal chelates exhibited higher absorption
peaks for (Amax) In the ligand spectra which was assigned for
coordination.

3. Metal chelates have been synthesized after perfect condition
(concentration, pH and mole ratio).

4. Solid complexes have been recognized stable toward air and
moisture as well higher melting points lead to stable for these metal

chelates.

Prospective studies

1. Produced new metal complexes by using other metal ions.

2. Azo dyes are used in analytical chemistry for determination of metal
ions.

3. Using X-ray technique to complete the characterized of the azo ligands
and their metal complexes.

4. Investigated the possibility for using the azo ligands in separation of
metal ions by column chromatography.

5. Studies the enzymes activity for the produced azo ligands and their

metal chelates.
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