Republic of Iraq
Ministry of Higher Education

and Scientific Research

University of Babylon
College of science for women

Department of Chemistry

Synthesis, Characterization of Some New Metal lons
Complexes of Triazene Derivatives and Evaluation of their
Biological Activity and Corrosion Inhibition"

A Thesis
Submitted to the Council of the College of Science for Women/
University of Babylon as a Partial Fulfilment of the
Requirements for the Degree of Master of Science in Chemistry

By

Haneen Sadi Hussein
(B.Sc.2014) University of Babylon

Supervised by

Prof.Dr / Mohammed Hamid Said
Asst.Prof.Dr / Ahmed Hassan shantaf

2023 A.D 1444 A.H



R e

et <~

‘(,(;mr,uax;ﬂuﬁ \;A;\;\sm;.mu\;; e
ol 415 0

a2 Lall Ryagll Eygu sa 1T & HL



Supervisor Certification

| certify g
Signature Signature
Dr. Ahmed Hassan shntaif Dr. Mohammed Hamid Said
Scientific Order: Asst. Professor Scientific Order:
University of Babylon / College of Professor.

of University of Babylon / College
Science for Women

Date: / /2023

Recommendation of Head of Chemistry Department
According to the available recommendation, | forward this thesis for
Discussion
Signature of Chemistry Department
Name: Dr: Sadig A. Karim
Scientific Degree: professor.

Address: Head of Chemistry Department
University of Babylon / College of Science for Woman
Date: / /2023




ﬂedi’catz’on

To 147 mmasters g[' 2460 untverse, %é}mmaff and the > peire

Samily of Mestiemmad
(Puce 1o wporn thim/

Jo whose name jJJ‘rou[/ﬂ bear,
e a Literary and'my drean
To patience and” cpptimismn

Te my support and strength

For those f dort { Krrow and those who don t Know e

Jo those who were my sanctuary arnd ; r&ﬁ‘ffe Zo iy é:J/f/z'ﬂeJJ and”

Sadr1ess

Z?gﬂeeﬂ



Acknowledgments

Praise be to Allah, Lord of the worlds. Praise be to Allah, who helped
me and gave me the strength, patience, and endurance to complete this

thesis.

| would like to extend my special thanks and appreciation to my
supervisor, Prof. Dr. Mohammed Hamid Said, Dr. Ahmed Hassan for
their suggestions and for providing their continuous advice and valuable
guidance, without their guidance and close supervision this thesis would
, hever be achieved.

| also would like to extend my sincere thanks and appreciation to Dr
.Noor Abdul-Razzak , Dr. Saud.T.Saad for their continuous support
and constant encouragement.

And thanks to Dr. Ayad Alkaim and Dr,Hazim Al- Jeboree

| also express my thanks and gratitude to the deanship of the college of
Science for Women and the Head of the Department of Chemistry, Prof.
Dr: Sadig A. Karim,, and all my professors who helped me and
provided their valuable pieces of advice. Finally, | would like to express
my sincere thanks and appreciation to the members of my family,
especially, my dear father who did not skimp on me and encouraged me

until I reached this stage.

Haneen



Abstract:

Preparing new triazene compounds derived from 6-aminopenicylic
acid, characterizing these ligands, and preparing new complexes with a

number of metal ions (zinc, copper, and cadmium).

Where the first step included the reaction of the amine( 5-amino-2-
methylphenol and 4-aminoantipyrine and para- Nitro aniline,) with 6-
aminopenicillin compound to produce the corresponding triazene

compound.

Which in turn entered into the reaction of the formation of complex
compounds in the second step with a salt of divalent metal ions
chlorides, gave octahedral ,hybridization spd” complexes with a molar
ratio(1:2) M:L. The prepared compounds were identified using FTIR
and 'HNMR spectroscopy, UV-vis, mass spectrometry, magnetic

susceptibility, thermal analyses, as well as atomic absorption

spectrometry.

In addition to studying some physical properties of the prepared
compounds, The effectiveness of the prepared ligands and complexes
In protecting carbon iron from corrosion was studied in the acidic
medium of 0.1 M hydrochloric acid, and the compounds gave good
results in protection, as the protection for the ligands reached 73%,
while the prepared complexes gave a higher protection rate of 86% for
the cadmium complex and 90% for the zinc complex. As well as
studying the effectiveness of the prepared compounds in the inhibition
of bacteria of the type GM positive and gave a positive result in the

inhibition of both ligands and complexes.
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Chapter One Introduction

1.1 Heterocyclic chemistry

The development of heterocyclic chemistry coincided with the
advancement of organic chemistry in the 1800s ). Fried-lander
discovered indigo dye in 1906, ) Heterocyclic compound is the
class of cyclic organic compounds those having at least one hetero
atom (atom other than carbon) in the cyclic ring system. ® the most
common heteroatoms are nitrogen (N), oxygen (O) and Sulphur (S)
“ elucidating petroleum's biological origin. Chargaff's principles,
published in 1951, elucidated the significance of heterocyclic
chemicals pyrimidines and purines in the genetic code ©
Heterocyclic chemistry is the largest and most diverse family of
organic molecules, and it is one of the most challenging and
fascinating fields of organic chemistry © For a long time, the
chemistry of heterocyclic compounds has been an intriguing subject
of study due to its increasing applicability in various sectors such as
medical and selective therapeutics ” Heteroatoms are a very
common fraction of various active medications. Various compounds
such as hormones, alkaloids antibiotic, essential amino acids,
hemoglobin, vitamins, dyestuffs and pigments have heterocyclic
structure” ®, heterocyclic compounds may be classified into two

categories:

+ Aliphatic heterocyclic compounds called saturated
+ Aromatic heterocyclic compounds which may be saturated or

unsaturated ©.
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1.2. Dizaniume Salt

Dizaniume salts are a group of organic compounds that have a
functional group in them RN2X, where R can be any organic
molecule such as an alkyl or aryl, and X is any inorganic moiety such
as halogen' ‘9 Dizaniume salts have been developed as important
intermediates in the organic synthesis of dyes' * Dizaniume salts are
used to manufacture azo dyes “® A zo compounds are among the
most important synthetic dyes. It contains the azo group Ar-N = N-
Ar. It accounts for about 70% of all pigments and is the most
important class of organic compounds, attracting the attention of

(13). azo

researchers because of its wide-ranging applications
Imidazole compounds are usually applied in methods of coloring
cotton, wool, silk, rubber, plastic, printing and some drugs, including
the inhibition of microbial growth “® Azo compounds are created
through diazotization and coupling, which entails reacting aromatic
amines with NaNO,/HCI to make a dizaniume salt™ then coupling
with electron-rich aromatics more stable, scheme (1-1) ™ show the
equation of prepare it . dizaniume salts, a lot of study has been done.
The salts allow groups such as OH, halogens, CN, H, etc. to be added
to compounds), Dizaniume salts are among the most versatile

compounds in organic chemistry*®)
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HCl+NaNO, ———» HNO, +NaCl

0
H
|-/

N—O
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Scheme (1-1) Mechanism of diazotization of aromatic

amine

Anitha et.al.,( 2015 ) 7 prepared a series of (Cu II and Ni II)
complexes with novel bis azo dye 2,2 benzene-1,3-diyl di (E)diazene-
2,1- diyldi aniline derived from m-phenylene diamine and aniline
,Scheme (1-2) show as azo complex. Stoichiometric ratio of the
complexes has been found to be 1:1 (M: L). the shape of the complex
was a square planar geometry the proved the shape were characterized
by, mass spectroscopy , IR, UV-vis, 1H and 13C NMR spectroscopy,
Atomic Absorption ,C.H.N.S

Q\ //NH/©
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Scheme (1-2): Structure of Ni II metal chelate of bis azo
dye 2,2[benzene-1,3-diyl di (E)diazene-2,1- di yl] di aniline
ligand

Sarigul, M., Sari, et al., (2016) ™ prepared azo- azo methine. Scheme
(1-3) shows the synthesis of azomethine compounds, using 4-
ethylaniline and reacting it with 2-hydroxy-3methoxy- 5- (E ) -phenyl
di azenyl] benzal dehyde to give the final compound. the proved the
shape were characterized by, mass spectroscopy , IR, UV-vis, 1H and

13C NMR spectroscopy

OH

Scheme (1-3) Synthesis of Azo-azo methine Compounds

Yang, X, et., al., (2020) “9 synthesis of azo-azo methine by using azo
methine to react with an azo-dye compound to give the final compound.
the proved the shape were characterized by, mass spectroscopy , IR,
UV-vis, 1H and 13C NMR spectroscopy Scheme (1-4) shows the

synthesis
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Scheme (1-4) the Synthesis of Azo-azomethine

Compounds

Alaa Farag..et.,.al (2015) ® studied, prepared and identified one of
the new azo compounds (APAI-3) (3- Acetyl phenyl)azo - 4,5-
diphenyl imidazole using dizaniume Chloride salt, scheme (1-5)

shows the synthases of ligand , and the shape was identified through
infrared, mass ,"HNMR.

H
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Scheme (1-5) synthases of (3- Acetyl phenyl) azo - 4,5-

diphenyl imidazole ( 3-APAIl)azo dyes

M. Niluvanji Matada et. al., (2020) ® have used 1, 3-benzothiazole-

2-thiol with various amines by diazo-coupling method and structures

are established. Scheme (1-6) shows the synthesis of azo dye

N
ch—(/- B—N=NCI
S 5

\}SH

S

-

,Tl:\>,0|-|3

N\\ S
—N

HsC

0

” H N CH

S 2 3

i Y

0 N Y
CHs

Scheme (1-6) the Synthesis of Azo Dye
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1.3. Triazene

Triazene is an intriguing class of chemicals that have a wide range of
applications in the synthesis of various products® some of which
have pharmacological benefits®® triazene moiety, are in clinical usage
for cancer treatment due to their low toxicity and strong
pharmacokinetic characteristics®”. Triazene are substances that are
organic and have the functional group N(R) N=N. (where R is H,
alkyl, aryl it produces by The N-coupling reaction between dizaniume
salts and primary or secondary amines. The first triazene was
synthesized in 1859The triazenyl group, which confers chemical,
physical, and anticancer characteristics as well as the ability to form
hydrogen bonds, is the active®component of triazene compounds®
. Compounds containing triazene, Because of their potential reactivity
In connection to their coordination modes, the research of transition
metal complexes. 1,3-diaryl triazenide ligands has increased
significantly in recent years®” One- and double-chained triazenes are
well-known ligands. Aside from their ability to coordinate in various
ways with transition metals @ they are also capable of assembling
novel supramolecular aggregates due to their exceptional ability to

achieve intermolecular,

Fatima, et al., (2019) ©% synthesized the triazene compound (4-
chlorophenyl)-3-(2-ethoxyphenyl) as a large basic group scheme (1-7)
showing how to prepare these compounds, which is triazine. synthesis
has been demonstrated FT-IR, 1 HNMR, 13 CNMR, and X-ray

crystallography diagram metal-ligand, and ligand-ligand interactions
(29)
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NH, NH;
OET
HCI NaOAC
NaNO2 oC
—_— L
0C

PH7-8

Cl

OEt
N N
/©/ \N/
Ci

Scheme (1-7) Synthesis of -(4-Chlorophenyl)-3-(2-

ethoxyphenyl)triazene

Abdusalom A.et.al., (2014) ©Y prepared linear three-substituted
triazines. By reacting Grignard reagents with 1-azido-4-iodobutane or
4-azidobutyl-4-methylbenzenesulfonate. These organic azides were
able to selectively form triazenes intramolecular helical step. And he
used the new method to prepare aryl, aryl, phenyl, and alkyl triazine.
The synthetic usefulness of vinyl triazenes by the proved the shape
were characterized by, mass spectroscopy , IR, UV-vis, 1H and 13C

NMR spectroscopy. Scheme (1-8) shows this method.
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(\> aryl
N ~ heteroaryl
NyClk Ny R

RMgHal — R

X=lorOTs L )

O acid-induced
% oNa N substitution A X = NHAc, OR, F,

N -
" o | POOEt, SR

Scheme (1-8) new method to prepare aryl, aryl, phenyl,

and alkyl triazene.

Ana P. Francisco, et.,al., (2019) ©? prepared a compound 4- nitro-
substituted 1,3-diaryltriazenes and studied the effect of triazene as
anti-cancer drugs and their effect on DNAG- A new triazene complex
(triazene were developed as n-quaternary bonds with good anti-cancer
properties, One example of such compounds is compound 12, the
proved the shape were characterized by, mass spectroscopy , IR, UV—
vis, 1H and 13C NMR spectroscopy shown in scheme (1-9). It
reduces the affinity of DNA double-strand binding.
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k3%
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Scheme (1-9) Compound 12 as a G-Quadruplex ligand

Patricia de Maria Silva Figueirédo., et.,al., (2021) ®¥ synthesized new
triazene scheme (1-10) compounds derived from 1,3-diaryltriazines
and tested. And it was proven through measurements that it has
biological, antifungal and antimicrobial properties through the
experiment on three types of positive bacteria and proved to be
inhibited. the proved the shape were characterized by, IR, UV-vis, 1H
and 13C NMR spectroscopy

Scheme (1-10) 1, 3-diaryltriazines

Su-Ping Luo, Jia-Mei Le., et, al., (2018) ®¥ have studied the catalytic
performance of a novel binuclear silver complex, [Ag2 (L) 2], formed

10
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by the reaction of the triazinido ligand 1-[(2-carboxymethyl)
benzene]-3-[(2-methoxy) benzene] triazene (HL) with AgNO;. At
room temperature,. Electrochemical investigations indicate that both
the silver ion and the triazinido linker play a role in determining the
catalytic activities of the electro catalytic system. show in the scheme
(1-11) the proved the shape were characterized by, IR, UV-vis, 1H
and 13C NMR spectroscopy, Atomic Absorption.

O,CEt
Scheme (1-11)1-[(2-carboxymethyl) benzene]-3-[(2-methoxy)

benzene] triazene (HL)
1.4. Coordination chemistry

Coordination chemistry is one of the basic pillars of inorganic
chemistry, which is both an interesting and experimentally difficult
frontier in current chemical sciences®¥ Today's inorganic chemistry is
dominated by coordination molecules, which has produced the
creation of novel items with equally novel features applications in a
multitude of industries, including pharmaceuticals, fungicides, and
cosmetics polymers, pigments, paints, and photoconductors

11
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%) Coordination compounds are not a particularly novel notion in the
area of medicine and drug development, because coordination
chemistry has numerous interests and is involved in many fields ©®
This field, which bridges the gap between medicine and inorganic
chemistry, includes metal-based therapeutically significant chemicals,
agents that isolate or mobilize metal, diagnostic tools containing
metal, and the therapeutic recruitment of endogenous metal ions®”- A
regular biological process also necessitates hundreds of inorganic
complexes and metals, which are found in our bodies and biological
systems as various enzymes and protein Cofactor.®® Many scientists
define a "transition metal” as any element in the periodic table's d-
block, which encompasses groups 3 through 129, As a result of the
partially filled d shell, the transition elements have a variety of
properties that are not shared by other elements. These are some
examples “? The presence of unpaired d electrons causes the
production of numerous paramagnetic substances “Y A few main-
group element compounds are also paramagnetic (e.g. nitric oxide,

oxygen “?

Most transition metals can be attached to a wide range of ligands,

resulting in a diverse range of transition metal complexes ¥
1.5. Zinc chemistry

The symbol Zn and the atomic number 30 .“* .zinc is a slightly
brittle metal with a shiny-greyish appearance once oxidation is
removed. It is the first element in the periodic table's group 12 (11B).
In several ways, zinc and magnesium are chemically similar: both
elements have just one normal oxidation state (+2), and the Zn** and

Mg?" ions are of comparable size' “*

12



Chapter One Introduction

Because zinc is an effective Lewis acid, it can be used as a catalytic
agent in hydroxylation and other enzymatic reactions “® Zinc has long
been recognized as a messenger capable of activating signaling
pathways  “” Their central roles in trace element biology, and

implications in many human diseases, including cancers “?.

Ali Kakane jadifard., et., al., ( 2013) “ prepared a new complex of
zinc binary metal and proved the complex shape were characterized
by elemental analysis, mass spectroscopy , IR, UV-vis., 1H and 13C
NMR spectroscopy. And it was found through the methods that the

complex shape is tetrahedral As shown in the scheme (1-12)

/\ N——

o ~N\ ST

HOOC

Scheme (1-12) zinc (11) complex of azo di benzoic acid Schiff base

of zinc

Siuli Das .et.,al (2021) © has prepared a new complex of zinc
dimetallic with the ligand -tetrahydro-isoquinoline, indoline, 2-
phenyl-2,3-dihydro-1H-benzoimidazole,2,3-dihydro-2-
phenylquinazolin-4(1H)-one,and1,2,3,4-tetrahydro-2-
phenylquinazoline, and he proved the shape of the complex through
FT-IR, '"HNMR, and it was reached through the techniques to its final

form As shown in the scheme (1-13)

13
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N\~

e
Zn
\C

\ /“Z

Scheme (1-13) zinc (1) complex of azo-anion radical ligand

1.6. Cadmium chemistry

Cadmium is a silver-white metal that is ductile and malleable - Its
chemical symbol was discovered by the German pharmacist Friedrich
Stormier ®? It is used as an anti-friction agent. It is also used in
electrical industries and nuclear reactors. It is used in the manufacture
of batteries and other industries®® This element can be estimated by

thermal, electrical, optical method,. flame atomic .®%

Sudad A. Jaber.et.al., (2021) © prepared the cadmium complex
scheme (1-14) from the reaction of the azo ligand with cadmium(ll)
metal and characterized the complex using, UV-Vis, elemental
analysis (C.H.N.S), measurement of electrical conductivity, magnetic
susceptibility, TGA, XRD data and SEM spectra®

14
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H CH3

CHj

o
\ / \Cd —O/ \O

~=L<LH

Scheme (1-14) Cadmium (I1) Complex of Azo 2-[2\-(5-Bromo
Thiazolyl) Azo]-5-Dimethyl Amino Benzoic Acid Ligand

Sudad A.Jaber . ..et al(2021) ®® prepared and identified the cadmium
complex with the ligand. 2-[2\-(5-bromo thiazolyl) azo]-5-di-methyl
amino benzoic acid (5-BrTAMB) and Cd(ll) coordinate complex The
complex was identified by microelement analyzers, atomic absorption,

molar conductivity, FTIR, Uv-Vis . as show in the scheme (1-15)

%\@

o/

\C/

PG SNDS
o Nl
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Scheme (1-15) Cadmium (11) complex of 2-[2\-(5-bromo thiazolyl)
azo]-5-di-methyl amino benzoic acid (5-BrTAMB)

1.7. Copper chemistry

Metallic element with an atomic number of (29) and an atomic weight
of (63.546) ©"" It is classified as a transitional element (71). From the
periodic table, copper is a soft reddish metal with the IB (first
transition series) group3is highly conductive and electrical, malleable
and ductile Copper has an electron order of 10 d is outside the S shell

even though the copper atom only has one electron in its orbital ®®

Mona. A. Alamri ..et., al (2022) ®* Triazene compound prepared by
the diazotization of o-toluidine then reacting with piper dine to give
the corresponding triazene compound (1-(o-tolyldiazenyl)piperidine).
The complexes M[(2-CH3-C6H3-N=N)-N-C5H10)] 2X* of Cu(ll)
with triazene compound (1-(o-tolyl di azenyl)piper dine) has been
synthesized by the reacting between copper bromide, hydrate n, and
iron bromide in 1:2 mole ratio. It has been isolated in the solid state
and characterized by (C.H.N) data, IR and 1H NMR spectroscopy. Six

coordinate and octahedral complexes, as shown in the scheme (1-16)

ROt
_ Cu___ NO,

H20

Cl

Scheme (1-16) copper (I1) complex of triazene compound (1-(o-
tolyldiazenyl)piper dine) ligand
16
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Nuha H. Al-Saadawy ., et., al., (2016) ®* prepared a new complex of
triazene Cu[(2-CH3-CgsH3-N=N)-N-CsH10)]°Br, with copper(ll) metal
and confirmed the complex structure through FT-IR, C.N.S,'H NMR,
and it was reached Through the techniques that the complex shape is

octahedral ,show in scheme (1-17)

CHj

Scheme (1-17) copper(11) complex of M[(2-CH3-CgH3-N=N)-N-
CsH10)] °X* ligand

R. Shanmugakala .et.,al.,(2012) © prepared the copper-triazine
ligand4,6-bis(5-mercapto-1,3,4-thiadiazol-amine)2-phenylamino-

1,3,5-triazine (BMTDT)with Cu form complex in the scheme (1-18)
and characterized the complex throughFT-IR,Uv-visible, Atomic

absorption ,conductivity .it was shape Square pyramidal

17
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. /\g T N\H
HSJ%N/ \ . /N\//il
o o N gy

Scheme (1-18) ,copper(ll) complex of 6-bis(5-mercapto-1,3,4-
thiadiazol-amine)2-phenylamino-1,3,5-triazine (BMTDT)ligand

Natalija pantalone..et., al., (2020) ©®® prepared Cu complex by amide
conjugation of L-phenylalanine methyl ester. The prepared Cu (lI)
complexes were studied in situ by NMR spectroscopy, and confirmed

by DFT calculations of the electronic structure.in the scheme (1-19)

=N\ [
", N-> 728
Cr R
MR t MR
t
WA t _ |
N;N N \N B
N fo— P /\' -
\ N R N} “'(\f" i ‘N-R
K N'N\ ; ,N‘N  sloichiometn
Y nAe - solvent
» 2
"f” W =Cu,2n M - temperature
e Ny 0 e * anion
SN R-N - N-R
o \'N R

Scheme (1-19) Copper(11) complex of mono- and bis-1,2,3-

triazole-substituted heterocyclic ligands

18
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1.8. Anti-corrosion

considered one of the important organic compounds that have been
widely spread recently due to the great development and expansion in
industries ®®, especially the oil and construction industries, which use
anti-corrosion compounds widely ®“ And organic compounds that are
used to protect iron from corrosion must have certain atoms
(heterocyclic atoms) in their composition, which give them
effectiveness in protecting against corrosion. These atoms are nitrogen,
sulfur and oxygen, which give the organic compound the ability to be
adsorbed on the surface of iron and form an insulating layer for it from
its surroundings ®® The compounds prepared in this research have the
characteristics that qualify them for use as anti-corrosion and metal
protection, and this is what the research found, as these compounds
gave good results in protection®®©” The use of organic compounds
with heterogeneous atoms in protecting metals from corrosion is a
widely used method, and compounds containing nitrogen, oxygen,
phosphorus and sulfur atoms are among the most used compounds in
this aspect, where ©® Thamer and a group of researchers used
compounds containing imidazo group (1, 2-a) pyrimidine linked to
heterocyclic rings in the protection of iron in corrosion in the local
medium and gave a protection efficiency of up to 92%. Wu and a group
of researchers prepared three derivatives of hexagonal heterocyclic
triazene, which contains a xanthite group, and studied their anti-
corrosion properties on iron and copper. They found that these
compounds interacted with metal contact surfaces and formed complex
tribofilms®  Mahrous and a group of researchers studied the

preparation of a group of triazene compounds and studied their use in
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protecting iron from corrosion in the acidic medium of sulfuric acid 1
M H2S04 at different concentrations and temperatures"® Singh and a
group of researchers prepared the preparation of the triazine compound
1,3,5-tri-p-tolyl-1,3,5-triazene and studied the possibility of using it as
an anti-corrosion of copper in the acidic medium of hydrochloric acid
0.5 M HCI, using different measurement methods, concentrations and
degrees Different temperatures and the best percentage of protection
was 76%."Y Abdul Latif (13) and a group of researchers also prepared
compounds containing triazine groups and studied these compounds
and the possibility of using them to protect iron iron N80 from
corrosion in a medium of 5% sulfamic, and the highest protection rate

reached 88.5% and the concentration of the inhibitor was10-4 M.

There is a patent document No. 7859/2021 in which heterocyclic
compounds were used to protect carbon steel 45 from corrosion in an
acidic solution of 1 M HCI 2

1.9. Penicillins

Penicillins are among the most important and oldest antibiotics, and

their role is to stop the production of bacterial cell walls"®

The first of its substances to be discovered is penicillin G, which is
derived from the particular broom fungus Penicillium notatum, and is
structurally a beta-lactam™. It is not effective in the oral route due to
its sensitivity to gastric secretions and acids. Its effect is limited
(mostly on Gram-positive bacteria); It is inactivated by the bacterial
enzyme penicillinase  (beta-lactamase” Gram-negative bacteria,
according to the Gram reaction, include small amounts of

mucopeptides containing muramin acid. This layer of murein is in turn
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surrounded by a double layer of phospholipids (or "phospholipids").
This layer explains the resistance of Gram negative bacteria!’®
Penicillin is effective against many pathogenic bacteria. Such as
pneumococci, streptococci, gonococci, meningococci, Clostridium
tetani, which causes tetanus, and Treponema pallidum, which causes
syphilis® Some bacteria have the ability to synthesize enzymes that
inactivate penicillin by opening the B-lactam ring of penicillin, the -

lactamase (or penicillinase’""

1.10. Antibiotic

The term antibiotic was coined in 1942 by Waxman® This term has
been used to describe living microorganisms produced by another
substance that are used to kill and inhibit the growth of other living
organisms® They are small molecules and are produced by living
organisms such as Aminoglycoside® And others are synthesized
chemically, such as oxazolidinone® Antibiotics were classified into
two groups, one that kills bacteria, such as penicillin, and another that

inhibits its growth, such as erythromycin®?

There are several mechanisms for the action of these

antibiotics ®

* Antibodies that target cell protein synthesis, such as
erythromycin®
* Anti-nucleic acid inhibitors such as Ciprofloxin ©

+ Antibiotics that target metabolism, such as trimethoprim®®
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Antibiotics that target cell wall processes such as penicillin "

+ Study of the biological activity of Gram —positive bacteria

+ The prepared compounds gave a high protection against corrosion
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1.11. Aim of work:

+ Preparation of new ligands containing beta-lactams in triazene and

their composition

+ Preparation of new complexes from the reaction of synthesis
ligands With different metals

+ Preparation of compounds containing biological activity

+ Preparation of compounds containing inhibitory activity against

corrosion
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Chapter two

Experimental part

2.1. Chemical Reagents:

The used chemicals with their molecular formula, suppliers and degree

of purity are shown in table (2-1),(2-2).

Table (2-1): Chemicals used, their molecular formula,

suppliers and degree of purity

Material Molecular Company Purity
Formula
1 | Sodium Nitrite NaNO, Fluke 99%
2 | Sodium carbonate Na,CO, Fluke 98%
3 | 4-Nitro aniline C ¢Hg N,O» Sigma- 98%
Aldrich
4 | 6-Amino Pencillanic CeH1203N,S | Sigma- 99.98%
Acid Aldrich
5 | 5-Amino -2-methyl C;HyNO Sigma- | 98%
phenol Aldrich
6 | 4-Amino antipyrine C11H13N30 BDH 98%
7 | Hydrochloric Acid HCI BDH 35-38%
8 | Absolute Ethanol C,HsOH BDH 99.8%
9 Cadmium Chloride CdCl,.2 H,0O BDH | 98%
DiHydrate
10 |Copper Chloride CuCl, 2H,0 BDH | 98%
Di Hydrate
11 Zinc Chloride ZnCl, BDH | 98%
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2.2. Instrument Analysis and Equipment:

2.2.1 . Melting Points Apparatus

Melting points were determined using SMP30 melting point
apparatus and are uncorrected; College of Science for Women,

University of Babylon.

2.2.2._Fourier Transform Infrared Spectra (FT-IR)

The FT-IR spectra were obtained as KBr discs using a FT-IR8400S
spectrophotometer in the range 4000-400 cm . Which, were recorded

at the College of Science for Women University of Babylon
2.2.3._ Conductivity Measurements:

Electrical conductivity measurements of the complexes were made
with absolute ethanol at 25 °C using WTW Cond 7300 digital
conductivity meter at College of Science for Women, , University of

Babylon.

2.2.4. _UV-Visible Spectra Measurements:

UV-visible spectra of prepared ligand solutions and their complexes
were recorded using PEAK/ INSTRUMENTS (C-7200) in ethanol

absolute. At College of, Science for Women, University of Babylon.
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2.25. 'HNMR Spectra Measurements:

The nuclear magnetic resonance spectra were measured at University
of Bsrah /lrag using an instrument Germany Bruker ometer
Operating at (400Hz) with (DMSO). spectra

2.2.6. _Flame Atomic Absorption Spectroscopy

The atomic absorption analysis was used to determine the metal
contents by Nova350 Spectrophotometer, Ibn-sina / Ministry of

Industry and Minerals / Baghdad
22.7. Mass Spectrometric

LC-Mass measurement were carried out using a devise shamidaszu-
model LC-Mass-8045-triple quadrupole, at Turkey, Department of

chemistry, college of science, University Aksa ray
2.2.8 -Magnetic Moment Measurement:

Magnetic moments were determined at 25 °C with a magnetic
susceptibility balance (Sherwood Scientific). At the College of

Science, Al Mustansiriyah University.

2.2.9 —TG Differential Thermal Gravimeter (DTG)-60
Shimadzu (Japan)

The thermal analysis was measured for all the compounds.
differential thermal gravimeter ( DTG-160-FC-60A) was used. It is
available at College of Science for Women, University of Babylon..
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2.3.1 -Preparation of Ligands:-

The synthesis of these ligands goes in there steps as shown below:

1- Dizaniume salts was prepared from a mixing of 3 ml HCI, 7ml
distilled water, and 4-amino-antipyrine(1 mol; 2 g) to prepare (L1).
p-nitro aniline (1 mol, 1.3 g) was used to prepare (L2) and 5- amino-
2-methyl phenol(1mol, 1.2g) to prepare (L3). The mixture was cooled
in an ice bath at 0-5 °C. A NaNO, solution (0.6 g dissolved in 1.2 mL
D.W) was added to the aromatic amines dropwise with constant
stirring, until the dizaniume salts were formed, then left for 15 minutes
to complete the reaction.

2- Preparation of sodium carbonate solution (3 g, dissolved in 6 ml,
DW) and added to 6-aminopenicillin (2 mol,2 g) while maintaining the
temperature and adjusting the pH at PH6.8-7

3- Triazene compounds were prepared by adding the solutions in step
No. (1) to the mixture in step No. (2) slowly with continuous stirring
for half an hour. The solutions were filtrated and recrystallized using
pure ethanol.

Schemes (2-1) shows the steps for preparing the three ligands.
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Scheme (2-1) General equations for preparation
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2.3.2 -Preparation of Complexes

1. 1- The complexes with L, have been prepared from mixing
solution of Ly(2mol, 0.5 g) with (1 mol, 0.12 g) CdCl,.2H,0, (1 mol,
0.1 g) ZnCl,, (1 mol, 0.08 g,) CuCl,.2H,0 . Scheme (2-2) shows the
preparing complexes for L1.

2. The (L2) complexes were prepared from mixing (2mol , 0.5 g) L2,
with (1mol, 0.14 g) CdCl,.2H,0, (1 mol, 0.081 g) ZnCI2 , CuCl,.2H,0
(1 mol, 0.116 g,). Scheme (2-3) shows preparing complexes for L.

3. The complexes of (L3) ligand prepared by mixing (2mol , 0.5 g)L3
with CdCl,.2H,0 (1 mol, 0.15 g), ZnCl, (1 mol, 0.1 g) , CuCl,.2H.0 (1
mol, 0.12 g,) Scheme (2-4) shows preparing complex for L.

4. The mixture of complexes from (steps 1, 2 and 3) was dissolved in
15 ml of absolute ethanol, then it was reflexed for 3 hours until a

precipitate was formed. The solution was filtered and dried.

reflex 3h Cu(L,),(H,0)
Ci9gH;pNgO4S  + CuCL, ,H,0 1)2(H,0),
Ethanoi Cd(L)y(H,0),

CdCl, ,H,0
ZnCL, Zn(L1),(H,0),

Scheme (2-2) shows the synthesis of L, complexes

reflex 3h
Ethanol Cu(L2)2.2H20 |12

CUCL2.2H20

Ci4HsNsOsS L cdcCl1, ,H,0

Cd(L,), ,H,O
Zn(Ly), ,H,O

ZnCL,

Scheme (2-3) show prepared of complexes forL2
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CuCL, ,H,0 reflex 33
Ethan Cu(L3), ,H,0

-+ CdCl,,H,0
ZnCL,

C15H18N404S
Cd(L5), ,H,0

Zn(L5), ,H,0

Scheme (2-4) show prepared of complexes for L3

2.4.1 -Description of corrosion system.

1. The Corrosion Cell

Corrosion cell made of Pyrex with (250ml) capacity Consists of two
vessels, Internal and external. Fig. (2-3) shows the corrosion cell and
the three electrodes. Three electrodes and thermostat replaced in an
internal vessel.

The three electrodes can be explained as follows:
A. A reference Electrode was used to determine the working
electrode potential according to the potential of a reference electrode.
The potential of reference electrode is well known and accurate. It is
combined of two tubes; the inner tube contains Hg/Hg,Cl, sat.KCl,
The reference electrode stand at a distance 2 mm from the working
electrode.

B. The Auxiliary Electrode consists of high purity platinum metal;
and has a length of (10 cm).
C. The Working Electrode is the subject under study, where its
potential should be measured. This electrode was formed from 20 cm

length metallic wire and connected to the mounted specimen.
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Fig . (2-3) set up the corrosion cell and three electrodes.

2.2.13-Biological Activities

Method of testing

Muller Hinton agar was made by dissolving 37 g of agar in 1 liter of
distilled water, sterilizing it, and then distributing it in petri dishes.
The bacterial species were cultured for 24 hours at 37°C on nutrient
broth, then 0.1 ml of bacterial suspension was applied to the agar in
each dish, left for half an hour, and a disc for each concentration was
left in the dish next the control (Ethanol) sample. A ruler was used to
determine the diameter of the inhibitory zone. types of bacteria were
used, Gram-positive Staphylococcus bacteria, Streptococcus bacteria

and Gram-negative bacteria, E.coli bacteria.,klebsiella
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Ligands synthesis:

The current work includes the preparation of triazene ligands
that were derived from the interaction of amines (4-amino anti
pyrene ,p-nitro aniline, 5-amino -2-methyl phenol ) with a
compound containing a beta-lactam ring. Which is 6-amino
pencillanic acid , and this reaction was carried out under certain
conditions of Ph and low temperatures. The ligands were
reacted with binary transition metal salts to obtain the
complexes. Table(3-1) shows the physical properties of the
prepared ligands and their complexes that were identified using
different techniques, including: FT-IR , Uv-visible , Mass,
'HNMR , atomic absorption , magnetic susceptibility |,

conductivity and TG .

Table (3-1) The Physical properties of compounds

petties of compound

Compound Yield
%
L1 Greenish 70 101-102 430
[Cu(L1).(H20),]ClI, light- 60 110-110.9 959
green
[Cd (L1)2(H,0),]Cl,  Yellowish 80 130-131 1008
green
[Zn(Ly)2(H20),]Cl, Yellowish 70 124-1242 961
green
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L2 Greenish
yellow
[Cu(L,).(H,0),]Cl, Greenish
yellow
[Cd (L).(H,0),]Cl, Greenish
yellow
[Zn (L,),(H,0),]Cl, Greenish
yellow
L3 Red-
Orange

[Cu(Ls)2(H20).]JCl,  Red
[Cd (Lg)g(HgO)g]Clg Orange
[Zn (L3),(H,0),]Cl, Orange

70

90

60

75
70
80

90-100.2

134-134.9

124-124.5

120-121

113-114

122-122.9

148-149
130-131

365

899

948

897

350

865

914
870

3.1. Solubility

The solubility of the prepared compounds was tested in different

solvents and the results are listed in Table (3-2). It was observed

that the best solubility was in the organic solvent, ethanol,

DMSO, and slightly soluble in distilled water.

Table (3-2) Shows the Solubility of the Prepared

Compounds

Compound

Ly
[CU (L]_)g (HZO)Z] CIZ
[Cd (L1)2( H.0)ICl

absolute

ethanol

DMSO

water

Distilled
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[Zn(L;)2 (H.0).]Cl, + ¥ =
L, ¥ ¥ -
[Cu (L2), (H.0),]Cl,  + + -
[Cd (L2), (H.0),]Cl,  + + -
[Zn(L2),( H,0).ICl, " + -
Ls ¥ ¥ -
[Cu (Ls). (H20).]Cl, + + -
[Cd (Ls), (H.0)]Cl,  + ¥ .
[Zn(Ls), (H,0).]Cl, " + -

Where: + Soluble, +Slightly soluble,
3.2. 'HNMR Spectroscopy for L1, L2, L3

Nuclear magnetic resonance (*HNMR) spectra were used to
determine the type of hydrogen in organic compounds. The
'HNMR spectra of the prepared ligands were measured, and a
group of bands appeared. These bands include CH; (0.9-1.7
ppm,) ®®  DMSO (2.5- 3.5ppm) ®, NH(2.3 ppm) ©?, N=CH
(2.5ppm), aromatic protons (7.5-8 ppm,)®" -OH(9.5-10ppm).
Figures (3-1), (3-2) (3-3) show "HNMR spectra for the prepared

ligands
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3.3.1 Mass spectroscopy for L1.

In the mass spectrum of the ligand (L1), a peak appeared at
(431) which is attributed to the parent molecular ion. Figure
(3-4) shows the mass spectrum for (L1. The spectrum recorded
other peaks that correspond to the fragments of the ligand

molecule.
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Fig. (3-4) Mass spectroscopy for L1

3.3.2 Mass Spectroscopy for L2

In the mass spectrum of the ligand (L2), a peak appeared at (367)
which is attributed to the (M+2H"). Figure (3-5) shows the mass
spectrum for (L2). The spectrum recorded other peaks that

correspond to the fragments of the ligand molecule.
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Fig. (3-5) Mass spectroscopy for L2

3.3.3 Mass spectroscopy for L3

In the mass spectrum of the ligand (L3), a peak appeared at
(348.77) which is attributed to the parent molecular ion. Figure (3-
6) shows the mass spectrum For (L3), which corresponds to the
proposed molecular formula. The spectrum recorded other peaks

that correspond to the fragments of the ligand molecule. These
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peaks are listed in Table (3-5).
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Fig. (3-6) the mass spectroscopy of the L3
3.4.1.1 FT-IR Spectra of ligand L1

Strong bands can be seen in the FT-IR spectra of the synthesized

ligand, L1. In general, depending on the nature of the groups
attached to it, the azo group absorption band emerges in the area
(1403) cm™ @@ the bands at 1541cm™ for the C-C (aromatic) . For
the synthesized ligands, the B-lactam carbonyl group (C=0)
appeared at 1673cm™ . The other significant distinctive peak strong
bands between (3500 - 2500) cm™ > for NH stretching, are shown in
Fig .(3-7).
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Fig (3-7) FT-IR for L1
3.4.1.2 FT-IR Spectra of complexes for L1

The azid group (N = N-N) appeared in the region (1405-1458)
cm™ ® in coordination complexes, also through the carbonyl
group present in the beta-lactam, where it appeared in the
region, (1629-1701) cm™ ©” This indicates the occurrence of a
displacement, and through this displacement, this indicates the
occurrence of metal ion bonding through them.Other significant
peaks observed in the FT-IR spectra are mapped in Fig. (3-8) (3-
9). (3-10), and in Table (3-6)
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Table (3-6) FT-IR peak of L1and complexes

Compound

LI

[Cd(L1)2(H20).]Cl,

[Cu(Ly1)2(H20)2]Cl;
[Zn(L1)2(H20),]Cl,

1673

1675

1701

1629

3454

3412

3416

3326

1403

1405

1458

1405

1540

1589

1558

1597

1592

1645

1599

1654

3152

3171

3167

3111

622

600

640
690

504

550

540

584
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3.4.2.1. FT-IR Spectra of Ligands L2

The FT-IR spectra of the L2 compound ligand shows strong
bands. In general, the band of the azid group (N-N = N)
vibrations appears in the region of 1508 cm-1 ©® depending on
the nature of the bonding groups, and the B-lactam carbonyl
group (C = O) of the covalent bonds appears in the region of
1633 cm™. ® The other significant characteristic peaks in the

FT-IR spectra [are mapped in Table (3-7) and shown in

Fig. (3-11)
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Fig. (3-11) FT-IR for the L2
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3.4.2.2 The FTIR Spectra of Complexes of L2

The azid group (N = N-N) appeared in the region (1424-1446)
cm ™ in coordination complexes, also through the carbonyl
group present in the beta-lactam, where it appeared in the region
(1597-1627) cm™ “ This indicates the occurrence of a
displacement, and through this displacement, this indicates the
occurrence of metal ion bonding through them. Other significant
peaks observed in the FT-IR spectra are mapped in Fig (3-12)
(3-13). (3-14), in the Table (3-7)
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Fig. (3-12)FT-IR for [Zn (L,)2(H20),]CIl, complex
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Fig. (3-14)FT-IR for [Cd (L,)»(H,0),]Cl, complex Table
(3-7) FT-IR of L,and there complexes

Compound = s - C=C C=0 C-Ha&rR M-NM-O

car

L2 1633 3481 1508 1630 1606 3107 632 584
[Cu(Ly)2(H,0).]Cl> 1627 3363 1442 1602 1599 3167 660 550
[Zn(L;)2(H20),]CI; 1627 3485 1446 1605 1592 3107 680 [580

3.4.3.1 FT-IR Spectra of L3

The FT-IR spectra of the synthesized ligand L3 exhibit
strong bands. Generally, azid band appears at 1422cm™
192) "For the synthesized ligand the carbonyl group band
appears at 1606 cm™ “%  The other important
characteristic peaks in the FT-IR spectra were assigned
in table (3-8) and shown in Fig. (3-15)
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Figure (3-15) FT-IR for L3

3.4.3.2. The FTIR spectra for complexes of L3

The azid group (N = N-N) appeared in the region (1458-1489)
cm ™ in coordination complexes, also through the carbonyl
group present in the beta-lactam, where it appeared in the
region, (1622-1624) cm™ “% This indicates the occurrence of a
displacement, and through this displacement, this indicates the
occurrence of metal ion bonding through them . Other

significant peaks observed in the FT-IR spectra are mapped in
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Fig (3-16) (3-17). (3-18), in the Table (3-8)
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Fig. (3-18) FT-IR for [Cd (L3),(H,0) ,] CI2 complex

Table (3-8) FT-IR peak of ligands and complexes

Compound

[Cd(Ls)2(H20)]Cl

[CU(Ls)z(Hzo)z]Clz

[Zn(L3),(H,0),]Cl,

1624

1624

1622

3495

3367

3331

1458

1489

1460

1541

1541

1590

1597

1604

1604

3107

3167

3159

660

680

610

510

590

550
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3.5. UV-Visible Spectrum for ligand L1, L2, and L3

and there complexes

Electronic transitions occur due to the presence of double bonds.

This leads to a transition of a kind(rt-rt *) %)

appears in the peak shown in the Fig .(3-19)-(3-31). Also, transitions
n-1t %) occur as a result of the presence of electronic doublets, and

through the spectrum of Uv-visible , it was observed that there is a
displacement in all complexes as a result of the bonding between the,

as shown in the figure and shown in the Tables below(3-9),(3-

. and this transition

10),(3-11)
HsC :
- H—H—HNH = e
. CH
a C HaE —H 3
: TN o !
: EH;
i o
e
S A £OOH
W
¥ —
4
ELH
. |
el 4500 —s l_ L

Fig. (3-19) Uv-visible Spectrum for ( L1)
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Fig . (3-22) Uv-visible Spectrum for [Cu (L,),(H,0),]Cl,

complex

Table (3-9) Electronic transition of L1 and there

complexes

Compound Absorption Assignment

BandnmA

L1 370,395 n-n*, n-t*
[Cd(Ll)g(HQO)z]Clg 350,380,480 T[-T[*, n-n*,M—»L
[Zn(L,)2(H20),]Cl, 320,370,490  m-n*, n-m*, M—tL.
[CU(Ll)g(HQO)z]Clg 250,370,650 T-m*, n-m*,

B1g—’B.g
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Fig. (3-24) Uv-visible for [Cu (L,),(H,0),]Cl, complex
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Fig. (3-26) Uv-visible for the [Zn (L,)2(H,0),]Cl,

complex

Table (3-10) Electronic transition of L2 and there

complexes
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Compound Absorption Assignment

BandnmA

L2 370,390 m-r*, n-m*

[Cd(Lg)g(HgO)g]Clz 350,380,450 T[-T[*, I’\-T[*,M—>L
[Zn(L,)2(H20),]JCl, 370,400,480 Tm-1t*, n-t*, M—L

[CU(Lz)z(Hzo)z]Clz 350,3 80,800 T[-T[*, n-T,
Blg—>282g

LRI = . B
S RS SO g S S S SR
S S — B B e R ...,
OO SOUOOONOU SOU SUROTE STOTTTUUUUAS: USSR SO S
[ SN M\ - S-S S
....... "’_ﬁ' e T
H L i
00 oo B0 foale] ]
Wavelergthinm)

Fig. (3-28) Uv- visible for [Zn (L3)2(H20),]Cl, complex
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Fig. (3-31) Uv-visible for [Cu (L3),(H,0),]Cl, complex

Table (3-11) Uv-visible Electronic Transition of L3and

there complexes
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Compound Absorption Assignment
Bandnm A
L3 380 ,445 n-n*, n-w*
[Zn(L3)2(H20),]Cl, 370,440, T-m*, n-m*
[Cu(L,)2(H20)2]Cl, 350, 450,650 n-m*, n-m*,’
B1g—’B.g
[Cd(L53).(H20),]Cl, 370,440 n-m*, n-m*

3.6. Thermal analysis(TG)

TGA experiments were used to investigate the thermal properties of
complexes.. Fig(32,33,34) , in and Tabe (3-12) (3-13) (3-14)show
the TG curves of complexes™® .In Cd(I1) complex of (L1,L2,L3),
the decomposition takes place in two steps. The complexes showed
stability to (38.55,36 ,61.50)°C respectively indicates the beginning
of the decomposition of the organic compound which is attributed to
the decomposition of the beta-lactam ring. Second step begins from
(365,312.50 ,331.92)°C of (L1,L2,L3,) respectively indicates the
end of the decomposition of the organic compound, leaving behind

metal oxide as the end product®®®

Table (3-12) thermal analysis

Complexes Steps of Decomposit  Mass Type of lost

Degradatio ion Tem % loss species
n C°
[Cd(L1)2(H20)2]CI2 1 38-106 9.7% CO,,CI,N
2 406-365 35% C14H27N50,
,H,O,CH3
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TGA
mg

8.00- S
Mid Point oooc
Onset 38.55C
6.00- Endset -10B6.98C Aafly
Weight Loss -0.776mg Mid Point 0.00c '
-8.706% Onset 406 BIC \\\
Endset 365.01C %,

4.00- Weight Loss -2.839mg
-35.605%

2.00-

0.00-

0.00 200.00 200.00 600.00
Temp [C]

Fig. (3-32) TG curves of complex Cadmium L1
Table (3-13) thermal analysis

Complexes Steps of Decomposition \WERS Type of
Degradation Tem % loss lost

°C species

Cd(Ly),(H;0),]C12] 1 36-85 107 CO,CIN
,Ha

2 310-312 23.051%  CyoH3oNy
,0S

TGA
mg
h-wk
T
6.00 T
Mid Paint 188.17C
Onset 36.00C
Endset 85.18C i
Weight Loss 0.781mg Mid Point 262.88C
4,00 -10.722% Onset 310.81C
Endset 312.50C
Weight Loss -1.679mg
-23.051%
2.00
0.0 n . . .
0.00 200.00 400.00 600.00
Temp [C]
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Fig. (3-33) TG for complex Cad mium L2

Table (3-14) thermal analysis

Complexes Steps of Decompo Mass loss Type of
Degradatio sition % | lost species
Tem
CO
[Cd(Ls)x(H;0),]Cl, 1 61.5-1.25 8.5% CO,,Cl
191-331 45% Cy3HN30
2
" TGA
mg
600  MdPont o Mid Point 240 47C
Onset B1.50C \-\. Onset 191.56C
Endset Sasc \ Endset 33192C
Weight Loss :g g:mg \ Weight Loss 3 ;3;;:
4.000
2,00+ B S
\\ -
0.00- i
0.00 200.00 400.00 500.00
Temp [C]

Fig. (3-34) TG for complex Cadmium L3

3.7. Atomic absorption
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This technique is considered a quantitative technique as it relies
on the principle of absorption spectroscopy to determine the
concentration of the metal present in the complex depending on
the extent to which it absorbs the radiation applied to it. The
results have shown in the same case between practical and
theoretical values, this indicates the correctness of the proposed
formulas, as well as the correctness of the mixing ratios between
metals and ligand . Table (3-15) shows theoretical and Practical

Values for the ratio of metal to the ligand and the suggested

formula of the prepared complexes

Table (3-15): Theoretical and Practical Values

complexes Theoretical value % Practical
value

[Cu(L1).(H20),]Cl, 6.3 7.3

[Zn (L1)2(H20),]Cl, 6.5 7.4

[Cd (L1)2(H20),]Cl; 10.5 11.3
[Cu(L,).(H,0),]Cl, 7.3 7.8

[Zn (Ly)2(H20),]Cl, 7.5 7.3

[Cd (L>)2(H20),]Cl; 11.2 11.4
[Cu(Ls)(H:0),]Cl; 7.5 7.9

[Zn (Ls)2(H20).]Cl> 7.7 7.2

[Cd (L3)2(H20),]Cl; 115 10.9

3.8. Conductivity
Absolute ethanol was used as a solvent for the complexes, which

were prepared at a concentration of 1x10° M. To measure molar
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conductivity, it has been found that all complexes are Conductive
(the behavior of these complexes was conductive), molar

The conductivity value was restricted to between 80-93(Ohm™.cm?;
mol™), and these results in agreement with what was observed in the
study .Table (3-16) shows molar

Conductivity for different types of electrolytes in different solvents
(110)

and Table (3-17) shows the molar conductivity results for all

complexes.

Table (3-16) molar conductivity for different types of

electrolytes in different solvents

Solvent non electrolyte  1:1

Water 0 120 240 360 480
DMSO  0-20 40-70 70-90 90-120 120-240
DMF 0-30 65-90 130-170 200-240 300
Ethanol  0-20 3545 70-90 120 160
Methyl

cvanide 0-30 120-160 220-300 340-420 500

Table (3-17) Molar conductivity values for complexes in

Ethanol solvent

Complex Molar conductivity

[Cu(L1)2(H20)2]Cl2 90
[Cd (L1)2(H20):]Cl: 91
[Zn (L1)2(H20)2]Cl2 90
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[Cu(L2)2(H20)2]Cl2 85
[Cd (L2)2(H20)2]Cl, 80
[Zn (L2)2(H20)2]Cl; 82
[Cu(L3)2(H20)2]Cl2 90
[Cd (L3)2(H20)2]Cl, 03
[Zn (L3)2(H20)2]Cl; 90

3.9. Magnetic  Susceptibility for Coordination
Complexes

Magnetic measurements have been widely used in the study of
transition

metal complexes, as most transition metals possess single electrons
and

show paramagnetic properties. In addition, the greater the number of
lone

Electrons, the greater the magnetic moment of the ion ,as it gives
information about the compound in terms of electronic structure and
oxidative state of atoms. The transition metals produce the magnetic
properties of the complexes as a result of the orbital motion and the
Permian motion.

u=v4 S ( S+1)+L( L+1)=B.M

S=spin quantum number

L=orbital quantum number

u=vn (n+2) =B.M

(The number of unpaired electrons)=n

Bohr Magneton=B.M.
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The value of the magnetic susceptibility of the prepared complexes
was

measured at room temperature by using magnetic balance and the
value

u eff=2.828VXA .T= B.M

XA=XM+D

XM=X g x M .wt

Absolute temperature=T

Atomic sensitivity=XA

molarity sensitivity =XM

gram sensitivity =X g

Effective magnetic moment =p eff

Correction factor for the compounds prepared in the study =D

The practical values for the effective magnetic moment obtained
from the

above equations showed convergence with the theoretical value the

results were included in Table (3-18)

Table (3-18) Magnetic susceptibility for coordination

complexes

compound Magnature Hyperdization

[Cu(Ly).(H.0),]Cl,  Paramagnetic 1.6 1.0 sp°d

[Cd (L,).(H,0),]JCl,  Diamagnetic 0 0 sp’d?
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[Zn (L1)2(H,0),]Cl,  Diamagnetic 0 0 sp’d®
[Cu(L,)»(H,0),]JCl,  Paramagnetic 1 1.2 spid?
[Cd (L,),(H,0),]JCl,  Diamagnetic 0 0 spid?
[Zn (L,)2(H,0),]Cl,  Diamagnetic 0 0 sp’d®
[Cu(L3)2(H,0),]JCl,  Paramagnetic 0.8 1.2 spid?
[Cd (Ls),(H,0),]JCl,  Diamagnetic 0 0 spid?
[Zn (L3)2(H,0),]Cl,  Diamagnetic 0 0 sp’d®

3.10. Polarization curves

The prepared ligands and complexes are of high protection quality,
and this is due to the nature of these compounds and the presence of
high electronic density in the groups of these compounds, especially
the presence of heterogeneous atoms containing non-shared
electronic pairs, which help them stick to the surface of the metal
and form an insulating layer that protects it from the arrival of

corrosion causes to the surface and thus Prevent corrosion.

Corrosion coefficients were estimated from the data generated in
Tables (3-19) and Fig. (3-35),(3-36),(3-37),(3-38). The corrosion
current density (icorr) and corrosion potential (Ecorr) were obtained
by extrapolating the cathodic and anodic taffer in the absence and
presence of inhibitor molecules in HCI (0.1M) solution. The slopes
of the anodic (ba) and cathodic (bc) tafels were also calculated from
the figure (35-38). Table(3-19) shows the data generated by
corrosion potential Ecorr (Mv), corrosion current density icorr
(A/lcm2), cathodic and anodic Tafel slopes (mV/Dec), and
protection efficiency PE%(17):
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(icorr)o — (icorr)
%IE = - * 100
(icorr)o

where (icorr) is the corrosion current density in the absence of
inhibitors, (icorr) is the corrosion current density in the presence

of inhibitors.

Table (3-19). Corrosion parameters for blank and

compound in HCI solutions and different compound

Comp. Ecor.  Icom  Icom/ Anodi  Cathodic  Corr
1ate,
Elank
4
L3 653 2730 3 460ES 0204 0152 0263 )
[C(LH,0MICL, 0663 1350 297%E- 009 0187 g146 B
3
[Zn [LahHy Op1CL 0632 1028 245E- 011 0176 0.121 90
3

-0.1 =

Blank
02 o comp.1

|
|
)/
. .
4 —=\

Potential(mV)

|
0.1 1 10

Current Density (4A/cm?)
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Fig. (3-35) Polarization curves for corrosion of blank
HCI solution

-0.1 =

Blank

|
: : comp. 2 I ’
)/
o +
N

-0.7 =

\ |
|

Potential(mV)

-0.9 =

~rTT T T
0.01 0.1 1 10

Current Density (UA/cm?)

Fig. (3-36) Polarization curves for corrosion of blank

HCI solution Comp.2.
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Fig. (3-37) Polarization curves for corrosion of blank

HCI solution Comp.3.
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Fig. (3-38) Polarization curves for corrosion of blank
HCI solution Comp.1, 2, and 3
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3.11. Biological Action of Ligands and Complexes

The bioactivity of the ligands and its complexes was examined for
diverse bacteria utilizing an inhibitory strategy The compounds
exhibit inhibition diameter to the types of complexes that exhibit
inhibition diameter against bacteria; the results show that the
complexes have higher activity than the ligand under similar
conditions Figure (3-39)-(3-45) Shows the effect of compounds on

bacteria

@) RCOM NOTES
|T_\'._1 M GUANCAUFRA

Fig.(3-39) Streptococcus bacteria
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Fig.(3-41) Streptococcus bacteria

69



Chapter three Result and Discussion

Fig.(3-42) Streptococcus bacteria

Fig. (3-43) Staphylococcus bacteria
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Fig.(3-44) Staphylococcus bacteria

Fig.(3-45) E.coli bacteria
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Table (3-20) Biological activity for the ligand and complexes

Klebsiella E.coli Staphylococcus streptococcus

6-APA 0 0 10 11
[Cu(L1)>(H,0),]Cl; 0 0 50 15
[Cd (Lo)2(H,0),]Cl, 0 0 20 20
[Zn (L1)2(H,0).ICl; 0 0 55 22
[Cu(L),(H,0),]Cl; 0 0 20 23
[Cd (Ly),(H,0)]Cl; 0 0 22 30
[Zn (L,)2(H,0).ICl; 0 0 30 30
[Cu(Ls)>(H,0),]Cl; 0 0 20 25
[Cd (Ls),(H,0),]Cl; 0 0 15 40
[Zn (Ls)2(H,0).ICl; 0 0 22 25
L1 0 0 20 20
L2 0 0 10 15
L3 0 0 22 10
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3.12. Conclusions:

1- The reaction between amine and 6- amino pencillanic acid in
1:1mole product a triazene ligand .from (Mass spectroscoby,"HNMR
,FT-IR,UV) Through these techniques, the shape of the ligand was
proven Through these techniques, the shape of the ligand was
proven, of the two-stranded ligand with the metal salt was formed,
and its molar ratio wasl1:2. The prepared ligand corresponded to Cu,
Cd, Zn can be proven it by(FT-IR,UV-Visible, molar conductance,
magnetic susceptibility ,Atomic Absorption) The complex shape was
proposed and found to be octahedral by these techniques . Scheme

(3-1) Suggested forms of complexes for L1, L2, L3.

3- The preparation method is economically inexpensive and widely

used in the preparation of inorganic complexes.

4- The prepared complexes are stable towards thermal and chemical

factors.

5- The prepared compounds gave a high protection against corrosion
of up to 90%, and this is considered important in protecting the metal
equipment from corrosion and thus preserving it and reducing
maintenance costs and safety from the risks of collapsing this

equipment.

6- The prepared compounds contain the penicillin group, and this
group is considered one of the important groups because of its

pharmacological properties.
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Result and Discussion

HsC HO
COOH CHs
3 H,0
Hitny——N
HN o) N
N N CI2
7 > /
N
o NH
N -llIll”H
HyC HOOC S
H,
OH
H,C CHs

Complex For L 3

Scheme (3-1) Suggested forms of complexes for L1, L2,
L3
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Suggestion for Future Work:-

+ Synthesis of new triazene derivatives using different
amines

+ Synthesis of new sets of complexes for all ligands using
other sets of metal ions

+ Can be used DMSO instead of ethanol in dissolving

+ Assessment of the anticancer action of made composites

+ Conducting further biological studies on the prepared
compounds, in vivo studying of interaction with various

biological systems
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