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Abstract

The work described in this thesis was undertaken at the University
of Babylon between October 1999 and May 2002 under the supervision of
Dr. Ali Muhammad Al-Rikabi and Dr. Jalil Raheef Ugal. Except where
indicated by references, it is the original work of the author and has not
been submitted for any other degree.

This work deals with the preparation and identification of three
series of azo dyes, namely, benzothiozol-2-ylazo(BTZ),benzimidazol-2-
ylazo(BlZ)and2H-(1,2,4triazol-3-ylazo)(TZ)derivatives.

The characterization of these reagents was performed by elemental
analysis (CHN) mass spectra, Uv — vis. and IR spectral data. The
investigation was performed to determine the ionization constants of the
ligands under consideration potentiometrically in 30% v/v dioxane-water,
the substituent effect on pK, also examined, and it was shown there were
influenced by coordination of the ligand to the metal. The decrease in pK,
of these ligands was an indicative of the extent to which coordination could
increase the acid strength of such ionizable atoms or groups.

The stability constants of the complexes Produced from the reaction
of the above ligands with (UO,(11), Pb (11), Ce(lI1), La (I11), In (111), Zn (11),
Cu(ll) and Ni(ll)) were determined spectrophotometrically in 30% v/v
dioxane-water to show the long range of sensitive of the ligands above |,
The temperature effects on the stability constants of these complexes were

also studied, and they were found to decrease with increasing the

C



temperature. The thermodynamic functions (AG®,AHCandAS®)were

calculated experimentally. However, the electron donating substituent
increased the electron density around chelating groups and consequently
increased the stability of the complexes. Many factors effecting the
resulting parameters were also explained.

The present work indicates that it is possible to make a more

detailed discussion of the nature of the bonds formed between the ligand

and the metal .The AHCvalue reflects the changes in the numbers and

strengths of bonds made and broken during the reactions, It is interesting to

relate the values of AH® to the type of bonding between the metal ions and

the ligands molecules and to the structural features of the complexes. The

separation of AHC into electrostatic and covalent components was
therefore, done.

It has been observed that some of these azo dyes have invitro anti-
bacterial activities against three types of bacteria (E.coil, Stap. aureus and

Ps. aerogenosa) .
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1.1

Chapter One
Introduction

General Introduction :

The first systematic study of complex compound was carried out by
Werner V. He published a purely empirical theory, and developed idea that
most metals possessed two types of valences: (a) primary valence, which is
called oxidation state, that satisfied the chemical equivalence of the atom,
(b) secondary valence, satisfied by the coordinated atoms. Metal ions tend
to satisfy both valences.

In a complex, there are a number of groups bond directly to the
metal ion (this number is now referred to as the coordination number), and
also there are ions present of opposite charge to that of the complexes metal
ion, the number of ions being sufficient to neutralize the charge of the
complex ion. Werners' theory explained the stereo-chemistry and
isomerism of complexes, but it failed to explain why certain elements had a
greater tendency to form such compounds than others.

Lewis @

explained the formation of a coordinate bond according
to the interaction between the metal ion and the lone pair of electrons on
the ligand.

Using valance bond theory (VBT) and the concept of orbital
hybridization, Pauling® suggested that in order that the ligand should
donate the electron pairs , the atomic orbitals on the metal ion should be

hybridized in such as to supply equivalent orbitals with the required

symmetry properties which explain the nature of the bonding that occurs in



these complexes. He used the magnetic moments of these compounds as a
criterion of the geometry.

For example, [FeF¢] > has a magnetic moment, which corresponds
to five unpaired electrons whereas [Fe (CN)s]” has a moment which
corresponds to one unpaired electron , Pauling suggested that [FeF4] >~ was
an ionic complex whereas [Fe (CN)s]> was a covalent one . A coordinated
bond can be formed between any atom or ion which can share in a pair of
electrons (acceptor), and another atom or ion can furnish a pair of electrons
(donor)?.

VBT, however, failed to give full or adequate explanation of certain
aspects of the electronic spectra and magnetic properties of complexes,
which assumed that all 3d orbitals had the same energy.

Recently, the ligand field theory (LFT) has been widely used for the
interpretation of the structures and properties of the complexes. This
incorporates the crystal field theory (CFT) of Bathe and Van Vleck ¥;
which assumes that the bonding in the complex is due to the electrostatic
(ionic) interaction between the positive nucleus of the metal cation and the
negatively charged electron of the ligand.

CFT considers the effect of an electrostatic field on the degenerate
d orbitals of the cation. With the aid of this theory, the separation of
energies of many groups was brought about in a way depending on the
magnitude, symmetry, and the oriented dipoles applied on the perturbing

field forces.

Scheme (1-1) —— ":'_f_' o eos



LFT also incorporates molecular orbital theory (MOT) in its
conclusion which follows same traces of the bonding occurring, which the
molecular orbitals are formed from the d , s, and p orbitals of the central
ion and the ligands. Atomic orbitals which belong to the same symmetry
class can combine . (LFT) assumes that the ligands electrons not only
impose electrostatic fields on the metal ion, but also allow the possibility of
covalent character, the ligand field effects the energies of the metal orbitals,
s orbitals being effected equally in all directions. The effect of the ligand
field on d orbitals is more complicated. In octahedral configuration, the e
set of orbitals, that is dz% dx°-y orbitals, are directed along the cartesian
coordinates, whereas the t,g set, that is the dxy,dxz and dyz orbitals, are
directed between the axis . Ligands are assumed to approach the metal ion
along the Cartesian axis, In this case, the d orbitals split in two groups of
orbitals separated in energy by (A) the value of Adepends on the field
strength of the ligand; for example, for a given metal ion the ligands may
be arranged in order of increasing A or field strength.

Molecular orbital theory (M.O.T) Suggests that the metal-ligand
bonding occurs by overlap of atomic orbitals of the metal ion and the
molecular orbitals of the ligand, providing that they have the same
symmetry and similar energies. So that for transition metal ions have only
five valance orbitals their lobes pointing towards the corners of an

octahedron (dx’-y*,dz*, p, , p,andp,) in addition to (s) valance orbital.

The valance orbitals of the ligand are (s) and (p) atomic orbitals or hybrids
of these orbitals.
For an electrostatic field of cubic symmetry by six negatively

charged ions, the combination of atomic orbitals leads to six bonding and



six anti bonding molecular orbitals, There are no ligand orbitals available
belonging to the same class as the t,g orbitals of the central cation and so
remain as non-bonding orbitals; whereas the eg orbitals combine within to
give a doubly degenerate bonding and a double degenerate anti-bonding
orbitals. Further, it has been shown that the t,g orbitals have 7T — bonding
the correct symmetry for the formation of 7- bonds. i.e - bonding may
occur when orbitals of suitable symmetry are available on the ligand

molecule .

1.2 Azo Dyes:

The earliest works on the heterocyclic dyes were concerned with
8-hydroxy quinoline (8-HQ) as a ligand, This compound was used to

®) whereas Cheng and Bray® investigated the

detect many cations
reactions of 1-(2-pyridylazo)2-naphthol (PAN) with certain metal ions .
They recommended this reagent may used as an indicator and the observing
that the chelate complex of PAN might be extracted by organic solvents.
Wehber 7 used 4-(2-pyridyl) resorcinol (PAR) as a reagent,
claiming it to be superior to PAN, because of the good solubility of PAR

and its chelate effect in water compared with PAN.

SR
SRS BN SR
OH

PAN PAR

Scheme (1-2)



Pollard et al. ® used the azo dye PAR as a spectrophotometric
reagent for measuring Co (IT), U(VI) and Pb(IT).also PAR has been used in
the analysis for about fourty different metal ions.

Two reviews included all dyes containing a heterocyclic group
ortho to the azo group, synthesized from (8-HQ) derivatives, concerning
analytical applications of these heterocyclic azo dyestuffs and closely

related compounds, was were published by Navratil

and by Anderson
and Nickless'”. A survey of the azo dyes prepared from 2-amino thiazole
and 3-amino triazole derivatives was done by Hovind "" . A large number
of the derivatives of these two compounds have been investigated for
analytical purposes , and have been used as reagents in addition to being
interesting complexing agents '>'¥. Recent papers concerned with a novel
benzothiazole and triazole derivatives reported their ability to form a
chelate with many metal ions *'¥ .

The synthetic methods of benzimidazole and closely related
heterocyclic compounds have been reviewed in details in Grimmett

volumes A, and B "” which contain a wealth of tabular material, including
instruments of modern safety considerations.
1.3 Metal lons in Solution:

Ionic salts have a large lattice energies, therefore, a considerable
energy 1s required in separating their constituent ions when they dissolved
so to give solution containing discrete cations and anions dispersed

throughout the solvent, the solvation of ions into a polar solvating, solvent



is advantageous from the point of view of the ions with pronounced inter

molecular forces, such as dipolar interaction and hydrogen bonding “”.

Aquo-cations, especially those of 3+ and small 2+ ions tend to act

as acids in solution

+n (n_l) +
M(H,0)% ——M(H,0)y [ OH"V+H

This occurs in mixed and non-aqueous solvents. Such phenomena
are observed mostly of protic ligands. To determine the stability constants

of metal ligand complexes, the hydrolysis constant pK,, of aquo cation

introduced, must be known, owing to avoid the hydrolysis and
polymerization during the complex formation process“".

Values of pkony, for the loss of a second proton from an aquo-
cation are 10 to 100 times smaller than that for the first proton
1.4 Metal lon Complex Formation in Solution:

When a metal ion combines with an electron donor ligand, the
resulting substance is a complex or a coordinating compound.

When a ligand contains two or more donor atoms and were able to
bind to a metal to form heterocyclic ring with the metal, the resulting
structure 1s a “chelate compound”, while if two metal ions more bonding to
gather with ligand the compound is a ”bridge complex”.

22 postulate that complex formation in solution occurs in a

Bjerrum
stepwise manner, each step was described by a separate stepwise formation
constant. When a metal (M) reacts with a ligand (L) in aqueous solution,

the reaction involves the replacement of water molecules by ligand



molecules in the coordination sphere of the metal 1on, which is represented

by:
[M (Hzo)n]+ L_{M (H,0), _, L}+ H,0

The equation of the equilibrium between the metal and ligand is written as :

M +L——ML
MLZ% (LD

For the stepwise replacements, the stepwise equilibrium constants

can be written:

« ML, |
MLn ~ n(1.2)
[MLn—J L]
where Ky , Ky cvvvvvnnnnnn. K,,., are the stepwise formation constants,
The overall formation constant of ML, may be written:
MLy
R, =L h (1.3)
MY

Determination of stability constant is of primary importance in the
study of complex compounds, since it is the most promising approach to
the accumulation of data which should be approached to understand the
relationship which govern their formation and structure *¥, It is one of the
most important evidence for the existence of complexes in solution.

There are many factors affecting the magnitude of stability

constant, which can be summarized as follows:



1.Chelate Effect:

A multidentate ligand generally formed a more stable complex than
that of monodentate ligand, which is can be related to entropy effects **,

The chelate effect (y )expressed in terms of:

7:10gKML_10gKMA ............. (1.4)

where Ky is the stability constant of the chelate complex, and Ky, is the
stability constant of non the chelate complex.

For chelation to occur, the ligand must contain at least two donor
atoms, which are able to bind to the same metal in a way that the chelate

ring is sterically possible; the stability of the chelate complexes tends to be

high. ¥

2. The Nature of Metal Ion :

Metal ions behave as Lewis acids and ligands as Lewis bases. The
terms “hardness” and “softness” have been used to describe the interaction
between the metal ion and the ligand .A “hard” metal ion is one which can
retain its valence electrons very strongly, a “soft” metal ion is relatively
large and does not retain its valence electrons strongly.*”

The Z/r of the metal ion could effect the stability and geometry of
the complex ®®. The most stable complexes are those which have their
cations derived from the transition metal and metals that behave like
transition metals. The stability order was established by Irving and
Williams, which is valid for most nitrogen or oxygen donor ligands with a
coordination number of four irrespective of the nature of ligands. The order

Mn®* < Fe*" < Ni*" < Cu®" > Zn*" was justified by Irving and Williams®”



by comparing the ionic radii and the second ionization energy of the metal

ions.

3.The Nature of the Ligand:

The radius and charge of the donor atom are important factors
affecting the electrostatic interaction. With conjugated ligands possessing
low lying unoccupied molecular orbitals ; using by anti bonding molecular
orbitals, a back-donor of electrons from filled metal d orbitals to these
empty ligand molecular orbitals may occur. The resulting double bond

character leads to an increase in the bond strength and complex stability®®.

4. The Basicity of the Ligand:

In the majority of cases, a complex formation means competition
between the metal ions and protons, a correlation between logK . and pK,
of the protonated ligand might be expected. Many workers “*>" have
confirmed that the more basic the ligand tends to be, the higher metal
ligand bond, whereas the presence of conjugation or steric hindrance or 7 -
bonding alters this factor. Other factors affecting stability constants are,

steric effects and statistical considerations Nakamoto volume A ©?.

1.5 Stability Constants, Thermodynamic and Structural

Studies of Azo Dyes Complexes with Metal lons:

Complexes of various metal ions have been studied in solution as

well as in the solid states by many workers®?(volume B).

(33)

Geary et al. ¥, measured the stability constants of metal chelates

complex for the analogous ligands, PAR, benzene azo resorcinol,



salicylidene 2- amino pyridine and 2-pyridene-o-aminophenol as shown in
scheme (1- 4) . They concluded that 2- pyridylin-o-phenol chelates were in
the same order as those of PAR; The chelation with metals occurred
through the pyridine nitrogen atom , the azo nitrogen atom nearest to the
phenolic part of the molecule and the o- hydroxyl group which gave rise to

two stable five membered chelate rings .

Cynend o end
HO HO

PAR benzene azo resorcinol
Crenly QD)
HO HO
Salicylidene 2-amino pyridine 2-pyridyline — o0 -amino phenol

Scheme (1-4)

Wada et al.®” made a complete investigation of the stubility
constants of 1-(2-thiazolylazo) —2- hydroxy-3-naphthoic acid (THNA). As
a metallochromic indicator, the dissociation constants of (THNA) were
determined as a function of dioxane percent of aqueous solution which
shows that the pK, of both (COOH) and (.OH) groups increase with
increasing the percent of dioxane. The formation constants of this ligand
chelates of copper, nickel and zinc were also obtained in (u= 0.1, 25C°, in

5% v/v dioxane water),and followed Irving William series .



Table (1-1) Acid ionization constants of THAN

pKcoon pKon %(v/v)dioxane - water
34 9.83 5

3.6 10.4 20

3.9 11.5 50

The interaction of benzoxazole —2-thione with Cr(I1lI), Cu(Il),
Cu(I), Zn(IT), Cd(IT), and Hg(I) have been studied by Carlo and Tosi ©
The complex formed were characterized on the basis of analytical
conductivity, U.v-Vis, spectral IR and magnetic data. A detailed discussion
on the analysis of the position and intensities of the thioamide bonds have
been carried out in order to distinguish the coordination center of the
ligand. A normal 1:1 complex with that metal ion has been obtained.

The reaction of 4-amino —3-5- dimercapto 1-2-4 traizole with some
divalent metal ions (Ni(II),Co(II),Cu(Il),Pd(I1),Zn(11),Cd(II) and Pb(II))
have been studied by Mishear®”. The characterization of complexes by
different physicachemical methods. were approved. Intermolecular
hydrogen bonding was also invisigated.

4-(2-pyridylazo) resorcinol (PAR) constitutes a selective reagents
for the spectrophotometric determination of Zn (IT), the formation constant
of the (1:1) PAR metal complex was determined, by using nitrilotriacetic
acid as a competition ligand ©” .

Ohyoshi®® has shown that by using reverse order method, the values
of stability constants of (PAR) with Mn (IT), Cu(Il) and_Zn(IT) complexes
are higher than that of 4-(2-thiozolyazo) resorcinol (TAR), Scheme(1-5).

With some metal ions, (TAR) forms less stable complexes with metal ions




than (PAR) because of the low basicity of thiazole rings. The difference in
behavior of 3d transition metals (IT) compared to the lanthanides (ILI) was

—N= N@OH

HO

also discussed.

Scheme (1-5)

Truj et al.®” studied the complex equilibrium in the system Pd(IT) —
4(5" - methyl — 3" isoxazolylazo)- resorcinol by spectrophotometric method
Many interesting correlation regarding the stabilization of these complexes
were discussed.

In order to evaluate the preferred molecular configuration of these

azo dyes, a theoretical study !

on the molecular structure of 4-(thiozolyl
azo) benzen diamine shows that there are three possible structures A, B,
and C are employed, as shown in Scheme(1-6) The B structure is supported
as the most probable form according to the energy calculation, dipole

moments, and the enthalpy of formation'*

v
il /
R yevave

. Trans 1-3 TADAB: structure B (6=0°).

/

—N
o B N/ Y /
IL, ﬂ}-ﬁ » N=—N O N
P i ‘_ﬁ—{ .;/ \ Y \

Trans 1-3 TADAB; structure A (0=0°).

1. The proposed structure of 1-3 benzenediamine 4- (9-thiazolylazo).

Scheme (1-6)  Cis 1-3 TADAB: structure C (§=90°C).
[From ref.(12)]



A series of studies regarding many azo compounds were reported

by many workers ©®?

, using IR, and Raman spectroscopy, CHN analysis and
H-NMR. The conformations were proved as preferred flattened chair —
chair structures which give good results toward the complexometric
abilities of these ligands toward the metal.

Oda et al.*? studied the molecular structures of many azo dyes
using IR and H.NMR spectroscopy as seen in scheme (1-7) . A remarkable
difference between the chemical shift and coupling constants values was
shown, which were attributed to two main factors. The first one is the
possible intermolecular hydrogen bonding interaction between the lone
pairs of electrons on the hydroxyl, acetyl groups, and the repulsion of the
lone pairs of electrons on the azo group with those on the hydroxyl, acetyl
groups and with the unpaired electrons on the heterocyclic group, which
cause a certain rotation of the two rings leading to a zig — zag

configuration. The second factor is the variation in the attachment position

of linking of the azo group to the benzene ring.

Bt
R=®-0CHy ; @=Cl ; §=8r ; @-50,H '.@' ;
@- o, . ©

SCheme (1-7) [From ref.(42)]



Zhang et al.*) made a reaction between equimolar amounts of
2 — mercapto benzothiozole and some lanthanide ions at room temperature
to form a new trigonalbipyramidal geometry, scheme (1-8) with a
coordination number of five. Analogous complexes were studied by other

workers 4479,

Scheme (1-8) [From ref.(43)]

An investigation of metal complexing properties of 4-(2-

pyridylazo)-1-naphthol)p-PAN scheme(1-9)was reported by Better et al. ©*

L= O

Scheme (1-9) [From ref.(55)]
shows that it is a strong complexing agent when loses a proton from the
hydroxyl group. A comparison was made with another ligand 1-(2-
pyridylazo)-2 naphthol, the latter was shown to be a stronger one due to the
presence of hydroxy group in the ortho position assuming that it might be

interacted with as a tridentate complex.



A Calorimetric studies on 4(5)(2- aminoethyl imidazole and 2-(2-
aminoethyl imidazole) were reported by Eilbeck et al ®®. Enthalpy and
entropy data were obtained for the formation of their copper complexes,
and the values for the formation constants were obtained under conditions
of high ligand /metal ratio, where hydrolysis may be neglected and
corrected, while another work ©” indicating the greater stability of 4- (2-
pyridylazo) imidazole metal complex comparing with those of 2-(2-
pyridylazo) 2-(2-pyridylazo) imidazole, which might be explained on the
basis of to the steric hindrance of 2-(2-pridylazo) imidazole which was
destroyed on complexation.

Thermodynamic functions for the formation of various of metal
complexes with nitrogen and carboxylate containing ligands in aqueous
solution were analyzed in terms of temperature — dependent and
temperature independents parts “Y. A method for the calculation of the

temperature — independent component of the enthalpy change (AH C) was

described in terms of M- N and M — O covalent interactions. Specific steric
requirements of thermodynamic data for a series of aminocarboxylic

ligands indicating an appreciably more exothermic, (AH;) as compared

with pure nitrogen ligands. It is clear that the contributions made by
carboxylic oxygen coordination are not negligible; in addition, the
structural requirements for stable five — members chelate rings are more
readily met when both nitrogen and oxygen atoms are contributing in a
complex formation ©”.

A chelation of a series of 1 — pyrazolyl borates with some divalent

transition metal ions in water and a cetonitrile solvent has been studied by

Jezorek and Mc.Gurdy “?. The thermodynamics of chelation of Co(II),



Ni) and Zn@) with four poly (1- pyrazolyl) borate ligands was reported
in water and acetonitrile media, whereas the precipitation of the chelates
occurs in all cases in water. All product species were soluble in acetonitrile.
Enthalpy results suggested that six — coordinate Co (II) complexes may be
tetragonal rather than octahedral. Evidence is presented indicate the
formation of six — coordinate, anionic chelates of Co (II) and Ni (IL) with
the -bidentate, monoanionic dihydro bis (1-pyrazolyl) borate ligand in
acetonitrile solution. The substitution of a methyl group in the pyrazole
rings of this ligand prevents chelate anion formation as a result of steric
hindrance. Enthalpy values for the substituted ligand were lower than for
the unsubstituted one in those cases where a steric effect is expected.
Replacement of the remaining boron hydrogen of hydrotris (1-pyrazolyl)
borate by a fourth pyrazole group results in substantially decreased
enthalpies for reaction in both water and acetonitrite media, most likely,
because of coordination compilation with the uncomplexed pyrazole ring.
The larger enthalpy values obtained in acetonitrite in all cases were
attributed to the markedly weaker salvation of the metal ions and ligand by
this solvent than by water.

Siefker and Aroc ® used the spectrophotometric data to determine
log Ky and € for complexes-of Cu (IT) with N — methyl diethanol amine,
1,4-bis(2—hydroxypropayl)-2-methyl piperazine and 2—amine methyl-1-
propanol. Values of log Ky of these complexes were reported to be log
Kyve = 5.22 , 5.41 and 5.38 respectively. Whereas Douheret 62 ysed
potentiometric and polarographic methods to determine equilibrium
constants (log K) for complexes of Cu(Il) with some N — substituted

ethanol amines.



A spectrophotometric method was applied by Ohyosh | to
determine the formation constants of various types of complexes using
another competating ligand. This method has been developed for the
determination log Ky of various colored complexes ML and ML,, and
measuring the absorbance of all forms of colored complexes in the absence
and presence of another ligand Y. A method was employed on the
competition between two ligands, L = PAR and Y = nitrilo triacetic acid so
the formation constants of various types of colored complexes were
obtained using the linear — squares method. The formation constant of Zn —
PAR was reported as follows: -

logK =9.66 logK

=15.89 andlogK,, =21.52

ML

M (HL), 5

M (HL)L

Kamati et al.“” synthesized2-(3,5-Dibromo pyridylazo)-5- dimethy
laminobenzoicacid(PAB)Scheme(1-10)and2(2-benzothiazolylazo)-5-di
methylamino benzoic acid (BTB)Schem(1-10), Sensitive organic reagents
with various transition metals. Spectrophotometric method has been used
for the determination of trace amounts of cobalt, copper, iron, nickel,
palladium and vanadium in fuel oil and pond sediment using these
reagents. Acid ionization constants and the stability constants of metal
complexes of the these in reagents 40% (v/v) dioxane solution were

determined ¢,



Br

BQN:NQN(%)Z —N=N<j>N(CH;2

COOH COOH
PAB (pK, =5.61) BTB ( pK, =4.91)

Scheme (1-10)
The probable stability constants of PAB and BTB with Cu (II)
V (a), Pd (Il) and Zn(II) were reported in Table (1-2) :-

Table (1-2) : Stability constants of PAB and (BTB)

Metal Log Ky (PAB) Log Ky (PAB)
Cu(Il) 10.73 7.83

V@) 8.97 6.62

Pd(II) 10.36 9.37

Zn(1I) 627 | e

The complexation equilibria between Cd (II) and 4(4" - methyl - 2.
thiazolylazo)-2 methyl-resorcinol were studied by Sanchez et al. ©” |
using spectrophotometer technique in 50:50 ethanol — water solvent .
A graphical and numerical calculation methods were used to obtain acid
equilibria of the reagent and its complexation equilibria with Cd(II) were

also reported, thus at a given pH range, the ionic strength and the presence
species in a solution, pK,;= 6.49, pK,, = 11.07 and log Ky, = 11.83.
Proton ligand ionization and metal stability constants of 2-acryl
amido —2-amino-3- hydroxy pyridine (AAHP) scheme (1-11) with Mn (II),
Co (II), Ni(II), Cu(II), La(Ill) and Th( =x metal ions in 0.1M KCI and

50% (v/v) ethanol — water mixture were calculated potentiometrically by



Ashraf et al. ®®. The influence of temperature on the dissociation of AAHP
and on the stability of its metal complexes in the monomeric and polymeric
forms were critically studied, on the basis of the thermodynamic functions,
The dissociation process of AAHP was found to be non-spontaneous,
endothermic and entropically unfavorable, whereas the complex formation

were spontaneous, endothermic, and entropically favorable behavior.

HoC ——CH

- Je)

F[’N/

Scheme (1-11) [From ref.(68)]

Thermoanalytical investigation of Ni(II),Co(Il),and Cu(Il) complexes
with imidazole— 4 — acetic acid(IAA) were reported by Mater and Vasca®”.
They showed that the imidazole ring and its derivatives where useful
models to understand the coordination properties and the reaction
mechanisms of the biologically important systems where these molecules
were involved. Six different complexes of (IAA) with Co(Il), Ni(Il) and
Cu(Il) were seperated and characterized by elemental analysis, uv-vis and

IR spectroscopy. The tetrahedral coordination of the Co(II) atom includes

two carboxyl groups from two different (IAA) molecules.

1.6 Importance of Azo Dyes in Biochemical Studies:

Metal complexes play an essential role in many fields. They are
used extensively in analytical chemistry and of course have vital roles in
biological systems, for example, the removal of copper in Wilson’s

. . 1- .
disease!"”.For this reason, many workers """ have been concerned with



the chemistry of azo dyes derivatives, That are a attributed their role, in
many biological and biochemical reactions. Azo dyes may be involved in
the formation of intermediates in vivo during the metabolism process.

9 for

Some azo dyes were published as antimicrobial agents
example; prontosil salicyl azo, sulfopyriden and 6-(4-hydroxy pheny azo)
uracil In 1998, Bradshow et al. " showed that 2-(4-Amino phenyl)
benzothiazole derivatives were a novel class of potent and selective a
ntitumour agents which exhibit nanomolar inhibitory activity against a

range of human breast, ovarian, colon and renal cell lines in vitro as shown

in scheme (1-12) .

X = H,Me,c';i.Br,! Prontosil
R=H,
2-(4-Amino phenyl) benzothiazoles

QNHS O NN

Salicylazo Sulfopyriden

N @4)“ Uracll

Scheme (1-12) [From ref. (74), (78)]
Metero amidizoles (Flagil R) is know anti protozoal drug.
Meantime, it is active against anaerobic bacteria "> leramisal is an anti-
helmenthic agent as well as nonspecific immunstimulants"’® . Likewise

(77

Pander and Tandon synthesized some new quinolyl imidazoles



l.

H w >

6.

7.

derivatives for their antiviral and antifungal Oactivities, underlining the

potential of these compounds for human medicine
1.7 Aim of the present Work:

The present investigation concerned with the study of the relative
stability of some azo dyes complexes with certain metals. Attention has
been directed to investigate different factors that may affect the ionization
and stability constants of the prepared complex then study the compound
anti microbial activity against different bacteria and fungus.

For these reasons, the following steps have been undertaken in the
course of this investigation:

Preparation of three series of azo dyes namely Benzothiazole,
Benzimidazole, and Triazole derivatives.

Characterization of these compounds by different techniques.

Studying of some physicochemical properties.

Determination of the ionization constants, using potentiometric
method.

Determination of the apparent thermodynamic stability constants
of
complexes formed by reactions of these azo dyes with UQs (II),
Ce(I1I), La(I1I), Pb(ID),In(IIT), Zn(II), Cu(Il), Ni(Il) using a
spectrophotometric method.

In order to study the properties of the bonds formed between The
prepared azo dyes and metal ions, the thermodynamic functions

(AH?,AG®andAS® ) should be determined by, separation of AH°

into electrostatic and covalent components in order to relate these
values to the type of bonding between the metal ion and the ligand.
Biological activity of these compounds against certain types of



bacteria were tested.



Chapter Two

Experimental:

2.1 Chemicals:

All chemicals used in this study were presented in Table (2-1) and
were used directly without any further purification: distilled water was used
throughout the experimental work.

Table (2-1) : Chemicals

Substance Company Purity

Sodium Nitrite B.D.H 99.5%
Potassium Nitrate Merck 98.5%

4- Nitro Aniline B.D.H 99.0%
4-Methyl Aniline Merck 99.5%
4-Bromo Aniline Merck 98.5%
Bromine BDH 98.0%

1.4 Dioxane BDH 99.0%

Acetone BDH 99.5%

Chloroform BDH 98.5%

5.Amino Salicylic Acid Flucka 97%
2.Amino Benzimidazole BDH 98.5%
Hydrochloric Acid BDH 12N
Sulfuric acid Aldrich 18N

3.Amino 1,2,4 Triazole Aldrich 99.0%
Potassium lodide Aldrich 98.0%
Uranyl Acetate Aldrich Analar




Cerium Nitrate Aldrich Analar
Cadmium Chloride Aldrich Analar
Indium Perchlorate Aldrich Analar

Zinc Sulphate Aldrich Analar

Copper Nitrate Aldrich Analar

Nickel Chloride Aldrich Analar

Lead Nitrate Flucka 99.3%
Lanthanium Acetate Flucka 97.2%
Amonium Aniline | Riedel — dehaen AG 96.0%
2-Mercapto Aniline Merck Techn.
8-Hydroxy Quinoline Merck 98.60%
Sodium Chromate BDH 98.6%
Dimethyl Glyoxime Aldrich Tech
Salicylaldoxime Aldrich 98.5%
Amonium Phosphate BDH 97.3%
Sodium Hydroxide Flucka Analar
Glacial Acetic acid BDH Pur.
5-Bromo Salicylic Acid Flucka 97%
Mueller — Hiuton Ager Oxoid Tech
5-Methyl Salicylic Acid Flucka 97%




2.2 Experimental Apparatus and Instrumentation:

Perspex vessels were used in all experimental work and the
instruments used during this work are:

1 - Pye Unicam (sp8-100) Uv-Vis. Spectrophotometer.

2 - Pye Unicam (PU8800) Uv-Vis. Spectrophotometer.

3 - Pye Unicam (sp3-100) Infrared Spectrophotometer.

4 - Jenway 30202 pH — Meter.

5 - Stuart Melting points Apparatus.

6- GC-ITD(Ion Trap Detector)Prikin Ealmar Mass
spectrometer(USA).

7- Incubator, Termaks ,USA.

8- Perkin Elmer, C.H.N Analysis.

2.3.Experimental procedures:

2.3.1 Preparation of 2- Amino 6 — Methyl Benzothiazole ™ :

A mixture of (2.14 gm) 0.03 mole of 4 — methyl aniline, (3.65 gm)
0.034 mole of ammonium thiocyaniate and of glacial acetic acid 70 ml
were placed in a flat bottomed flask surrounding by a mixture of ice and
water. When the temperature falls to 10.5, a solution of 1.2 ml of bromine
and with 50 ml glacial acetic acid was added slowly during 2 hour from a
separating funnel, maintaining the temperature lower than 10C°, otherwise
a brownish color and a heavy oil product would be formed.

The solution was poured into a beaker containing 200 ml (10C)cold

distilled water .A solution of one molar sodium hydroxide was used to
precipitate the product the pH of the solution should be maintain at (9 —

10), A yellow crystals were precipitated, and a recrystallization from



32

ethanol was done twice before using, m.p.136°C The percentage yield 62%.
The procedure was seen in scheme (2-1).
Similar procedure was used to prepare 2—amino- 6-bromo and 2 —

amino — 6—nitro — Benzothiozole.

BI'2+2NH4SCN—’ (SCN)2+2NH4BI'

H,

(SCN), o ©:> NH,
R

R R
R:CH NO andBr

v

Scheme (2-1)

2.3.2 Preparation of 2 - Hydroxy 5 — lodo Benzoic Acid®”:

5.amino 2-hydroxy benzoic acid was (10 gm) dissolved in a mixture
of (32.1) ml of concentrated sulfuric acid, 250 ml of distilled water and
crushed ice in a beaker. The solution was cooled to 0 — 5C° and, a solution
of (4.7 gm) of sodium nitrite in (75 ml) of water was added, The mixture
was stirred for 20 min. .The cold diazonium salt solution was poured into
an ice — cold solution of (12 gm) of potassium iodide in 100 ml of water
contained in a beaker provided with a mechanical stirrer. After 15 minutes,
(1 gm) of copper bronze (which was previously washed with ether), was
added and warmed slowly on a water bath, maintaining the temperature at

75 — 80C° until the evolution of nitrogen gases began. The separated a



heavy oil, was extracted with chloroform; the extract was washed with
dilute sodium bisulphite .*” The 5-iodo, 2- hydroxy benzoic acid was
collected, solidified on cooling and recrystallized from about 1 litter of
light petroleum (b.p 80 - 100) C°. The yield was colorless product, m.p.231
— 232 C°(70% yeild), other derivative of 5- cyan 2 — hydroxy benzoic acid
were synthesized by the same way described above as shown in scheme

(2-2).

COOH COOH
OH OH

Scheme (2-2)

2.3.3 Preparation of Benzothiazolyle Azo Dyes®”:

These compounds were prepared by the diazotisation of 2 — amino
6.substuent Benzothiazole and listed in Tables (2.2-2.4). The reaction took
place readily in hydrochloric acid, the formed diazolate was so reactive to

be coupled with phenol as shown in scheme(2.3).

N NaNQ N _
e = JioI\ NEKa
R/@is> ' Tha R s>

N OH N
N\ gz b N\ N COOH
N=NCl + — N=N
RJiCDiS> R s>

Scheme (2-3)




Table (2-2) Some Physico-Chemical Data for 3-(6-Methyl — 2-Benzothiazolylazo) 2-Hydroxy Benzoic Acids

Derivatives
N OH
S
CH
R
Azo Amax | Log&

. H 1
dyes R M.Wt | Emp.Formula m.p (C°) | nm 1 mol- R | %Yield | pK,;, pKa: (CHN calc)
No. lem-1 CHN obs

4.36 o (41.0:2.27:9.56)
1 I 439 CisHio O3NIS 198-200 398 at pH=1.2 0.940 73% 2.88 , 7.70 40.3:2.20:9.63
4.48 . (56.8:2.95:16.56)
2 CN 338 CicHio O3N4S 100-102 412 at pH=1.2 0.920 80% 331, 753 56.5:2.99:15.70
145 o (47.12:2.61:10.99)
3 Br 382 CisHio O3N3BrS decomposed 404 4.29 0.922 63% 2.82 , 8.22 47.20:2.70:10.83
(51.79:2.87:12.08)
- (1)
4 Cl 347.5 CisHio O3N;CIS 148-150 392 4.48 0.891 65% 2.96 , 8.66 51.90:2.91:12.20
(58.71:3.97:12.84)
- (1)
5 CH; 327 CisH113 O3N3S 142-144 420 4.68 0.963 68% 2.62 , 9.21 58.99:3.91:12.87
Infrared spectra analysis
For azo dyes no.5 as shown in Fig (3-1)
Selected IR bands | v (-C=S) vV (-C=N) vV (-N=N) v (-C=0C) vV (-C=0) v (-OH)
Wave no(cm™) 1220s 1410s 1460m 1575m 1675m 3200b
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Table ( 2-3 ) Some Physico-Chemical Data for 3-(6-Nitro— 2-Benzothiazolylazo) 2-Hydroxy Benzoic Acids

Derivatives
N OH
\>kN — N COOH
NO S
2
R
Azo A max Logé&

m. . CHN calc
dyes R M.Wt Emp.Formula C‘P nm 1 mol- R | %Yield | pK,i, pKa: ( CHN ob )
No. () 1em-1 obs

(35.74:1.48:11.91)

- 0,
6 I 470 C14sH,05 NS 140-142 | 405 4.90 0.890 68% 2.50 , 7.63 36.01:1.50-11.80
(48.78:1.89:18.97)

- 1)
7 CN 369 CisH; OsNsS 113-115 | 404 4.74 0.971 70% 240 , 7.17 19.07-1.91.18 81
(50.27:2.79:15.64)

- [1)
8 CH; 358 CisH;p OsN,S 170-172 | 417 4.73 0.953 70% 2.99 , 9.12 50.51.2.8015.72
(39.71:1.65:13.23)

- 1)
9 Br 423 CisH; OsN,Br S 135-137 | 394 4.72 0.950 60% 2.30 , 8.10 39.80.1.70+13.38
10 cl 3785 | CuH, OsN, CIS | 105-107 | 391 4.79 0937 | 8% | 266,875 | “438:1.85:14:79)

44.09:1.99:14.81
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Table ( 2-4 ) Some Physico-Chemical Data for 3-(6-Bromo— 2-Benzothiazolylazo) 2-Hydroxy Benzoic

Acids Derivatives

" OH
\> N= N COOH
Br S
R
Azo M max log&

m. - . H 1
dyes R M.Wt | Emp.Formula C‘? nm 1 mo' Rt | %Yield | pKai, pKa: (%HNNcabc )
No. (©) lem™! o

(33.33:1.38:8.33)
_ o
11 I 504 Ci4H7; O3N;3BrCl1 S 155-157 405 4.90 0.880 75% 2.23 , 8.02 33.52:1.41:8.29
(44.66:1.73:13.89)
_ o
12 CN 403 CisH7 O3Ng Br S 106-108 400 4.69 0.899 70% 1.90 , 7.32 44.90:1.77:13.87
(45.91,2.55,10.71)
_ o
13 CH; 392 CisHyp O3N3Br S 150-152 402 4.81 0.782 60% 2.87 , 9.02 46.00,2.42,10.75
(36.76:1.53:9.19)
_ o
14 Br 457 CisH7 O3N; Br,S 162-164 389 4.09 0.911 60% 2.68 , 7.92 36.90:1.60:9.23
(40.72:1.69:10.18)
_ o
15 Cl 412.5 CisH7 O3N; CI1BrS | 131-133 412 4.58 0.799 65% 2.53 , 8.07 40.83:1.71:10.31
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2.3.4: Preparation of Benzimidazolyle and 1,2,4 Triazolyle Azo

Dyes ®Y):

Benzimidazole azo dyes were synthesized by coupling diazotised 2-

amino benzimidazole with the corresponding phenol in an ethanol at 0-5C°,
in similar way traizolyle azo dyes were prepared ®". The detail
experimental procedure was described previously®.(Scheme(2-4). The
compounds which were prepared in the way were reported in Tables (2-5-

2-6).

COOH COOH
N> \= —> =
(- ™ (e
H H
OH

COOH
co H
| ol T— ] o=
e R e

Scheme (2.4)
2.4 Purification of Azo Dyes:

No special conditions are required for the diazotisation of 2-amino-
benzothiazole and its derivatives in contrary to the preparation of
analogous 2 — amino-benzimidazole and 3 — amino triazole derivatives ®"
All azo dyes needed to be free from impurities such as inorganic salts,
organic raw materials and water contents. Recrystallization from ethanol,
dissolution of the dye in sodium hydroxide solution, followed by extraction
with diethyl ether, and subsequent reprecipitation with dilute hydrochloric
acid were applied to purify these compounds before they have been used in
the study determination of their ionization constants and their ability of
complexation with certain metals .The purity was checked by TLC

technique.



Table (2-5) Some Physico-Chemical Data for 3- (2-Benzimidazolylazo) 2-Hydroxy Benzoic Acids

Derivatives
COOH
HO
N
|
H
Azo Emp Log& (CHN calc)
dyes R Formula M.Wit m.p (C) A ma 1 mol-‘em™ Ry PKa1, pKa CHN obs
No. nm
253 (57.69:3.52:17.94)
16 SO;H C14H10N4O6S 362 decomposed 404 4.052 0.953 3.63,8.32 57.73:3.48:17.68
(53.08:2.84:17.69)
17 Cl C14HoN,403Cl1 316.5 293 — 295 409 3.829 0.880 3.88,10.82 53.22:2.91:17.81
296 (46.53:2.49:15.51)
18 Br C14HoN4O3Br 361 decomposed 400 3.901 0.783 3.75,10.09 46.81:2.39:15.29
(51.38:2.77:21.40)
19 NO, C14HoN;505 327 202 - 203 390 4.782 0.690 2.83,7.21 50.80:2.68:21.83

Infrared spectra analysis
For azo dyes no.17 as shown in Fig (3-1)

Selected IR bands v (-C=N) vV (-N=N) v (-C=C) v (-C=0)

v (-OH)

Wave no(cm™) 1400s 1430m 1580m 1650m

3200b
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Table ( 2-6 ) Some Physico-Chemical Data for (3-Triazlylazo) 2-Hydroxy Benzoic Acids Derivatives

H
| HO
N—N
C— R
H/
Azo dyes Emp. 0 log& o/ e (CHN calc)
No. R Formula M.We m.p (C) 71»111:: 1 mol'cm™ Ry 7oYield PKar, PKa CHN obs
20 NO; CoHOsNg 278 241-242 | 400 4.321 0.801 | 80% 2.90,7.35 3(386‘292’23'233'(1))9
21 Br CyH4O3NsBr 312 dew‘lﬁose 4 | 410 4.220 0.714 | 70% 3.32,8.92 (gg‘ngi‘ggfii‘gg)
22 Cl CoHsO3NsCl 267.5 171 -172 405 4.210 0.820 73% 3.21,10.02 (jgggiiaigég)
23 -OCH; C10HoO4N5 263 191 - 192 490 3.995 0.754 65% 3.55,11.86 (jgggg;‘;;ggg)
Infrared spectra analysis
For azo dyes no.21 as shown in Fig (3-2)
Selected IR bands v (-C=N) v (-N=N) v (-C=C) v (-C=0) v (-OH)
Wave no(cm™) 1390m 1480s 1580s 1700m 1380b
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2.5 Stock Solutions:

In order to prepare a stock ligand solution, a precise amount of azo

dyes was weighted and dissolved in a known volume of 30% (v/v) dioxane
— water mixed solvents, because the compounds are poorly soluble in
water.

0.1M of stock metal solutions of UO, (I1),Pb (II) Ce(I1I), La(IIl),

In(III), Zn(II), Cu(Il),and Ni(IT) were prepared by dissolving exact analar
grade salt in 30% (v/v) 1.4 dioxane — water mixed solvents, using boro
silicate flasks. The solutions were arranged to contain excess acid to avoid
the hydrolysis of aqua cations . The hydrolysis constants pkoy of the metal
ions were listed Tables (2.8-2.10) in addition to the references
recommended. The solutions were analyzed to check the concentration of

metal ions as follows :

Metal Ion The Determination Method[from ref. (83,84)]
UO, (IT) Spectrophotometrically as thiocyanate
Pb (IT) Gravimetrically as chromate
Ce(11) Spectrophotometrically as 2-mercapto aniline
La(III) Gravimrtrically by EDTA
In(I1I) Spectrophotometrically as 8-hydroxy quinoline
Zn(11) Gravimetrically as the ammonium phosphate
Cu(1l) Gravimetrically by Salicylaldoxime
Ni(II) Gravimetrically by dimethylgiyoxime

Metal analysis agreed to within + 0.1%




2.6 Physico — Chemical Studies:

The azo dyes synthesized in this work were identified by means of
elemental analysis Infra red, Uv — Vis. Spectroscopy and Mass spectra. The

data are reported in the Tables (2.2-2.6).

2.6.1 Appearance:

All the azo dyes are micro crystalline powder, red to brownish in
color, whose changes are expected for chromophiric groups. Mostly these

compounds are springy soluble in water but soluble in organic solvents.

2.6.2 Melting Point:

The compounds have nearly sharp melting points whereas others

decompose before melting .

The purity of compounds were investigated by TLC method. Rates
of flow (R¢) were determined on silica gel TLC plates, using ( n — butanol :
acetic acid : water) with ratio 4 : 1 : 5 respectively by volume as eluent the

rate of flow values are listed in the Tables (2.2-2.6) .

2.6.3 Uv — Vis. Spectra

After dissolving a precise amount of azo dyes(3x10™ molar) in a

known volume of mixed solvents (dioxane — water) 30% v/v lcm quartz
cell was filled. Therefore, Ay.x was pointed and the molar extinction

coefficients were obtained ; the data were listed in the Tables (2.2-2.6).



2.6.4 Infra red Spectra :

IR spectral study served as a Simple tool in understanding the
molecular structure and bonding of chemical compounds in The solid state.
The vibration spectra were recorded as KBr pellets in the 4000-400
cm’'range. The absorption bands and their assignments were reported in the
Tables (2.2-2.6) and some of the spectra are shown in Figs. (3.1-3.2) . IR
spectrum for each indicated the following absorption bands: 3400
cm™',1420 cm’'(s), 1600 cm™ (b) corresponding to the stretching frequencies

for the phenolic group, azo group and aromatic structure respectively.

2.6.5 Mass Spectra :
Only four compounds namely BTZ no.2, BTZ no.7, BTZ no.10,

BTZ no.17 and BTZ no.23 were subjected to mass spectra analysis. The
successive fragmentation peaks are shown in Fig.(3.3-3.6 ). whereas (m/z)
for the pyrolysis within the temperature range varies between 120 — 400 C°
are report in Table (3.1), the details mass spectra show a peak at m/z 338,
379, 317 and 263 respectively. Exact mass measurements of these peaks

reveal the presence of the azo dyes under consideration.
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The over all association content is given by
H HyH H
BY = KM K!......... K

K, is usually small and an inconvenient figure and hence it has become

customary to use their negative logarithms (known as pK, values).

The activity coefficients for all species are kept constant by using a non
reacting background electrolyte of high concentration relative to that of the
reaction species.

Ionization equilibria for protonated azo dyes BTZ, BIZ, and TZ azo

phenols can be written as

pK. (NH) pK,COOH K. (0.0H)
3LJr : H,L ]: HL : Lz-....(2.3)



The degree of formation of protonated ligand species n is

Number of hydrogen ions bound to ligand (CH)

ny= ..(2.4)
Total number of ligand molecules (CL)

C ,, =total hydronium ion concentration=[H]+[LH]+2[LH, |+.....+N [LH ]
— H]+B [ [LI[H]+ 2B [LI[H]* +.......... +nBM[L][H"]
=[H]+[L]>, nB ;' [H ]

CL= total ligand concentration =[L]+[LH]+[LH,] +....... +[LH, ]

=[L]+B [[L]H +BJ'[L][H] +....... +BM[L]H]"

N=2 for the ligands under investigation, thus: -
—_ B'[H]+2B'[HT’
Nn = H Hrpy2

1+ B, [H]+B, [H]

ﬁ _ [H]/Ka2+2[H]2/KalKa2
T LHH K, +HF /KK,

Nu +nu[H]/ K, +nu[HP /K K, =[H/ K, +2AHP /K K,

nu[H]+na/ K, +u[HV K K, =K, +THY K K,



_ [HI@-nw)
(ny )+ (uK,, [H])

K., =

al

And Ka2 -

[HI1-nw)+Q2-nw)[H]/K,,
NH
If the constants are sufficiently different (more than 3 log units in

pK) so: -

(nu —1)

PK ., = PH +logm 1<nyg<2
H

PK ., = PH + log (d-nn) Where 0<ng<l

2.7.2 Experimental details:

The potentiometric method was used for the determination of
ionization constants .The titration was conveniently carried out in a beaker
which was closed by a cork with four holes, for the combined electrode,
nitrogen inlet, thermometer and one admits the tip of burette. Stirring
accomplished by slow stream of nitrogen bubbles was introduced under the
surface of solution to be titrated. This flow should be stopped during

readings ®”. The titrant (sodium hydroxide solution) which was used would



be in ten portions concentration than that azo dye solution in flask, to avoid
the dilution effect during the titration process and the pH reading. The pH
value was recorded when the equilibrium was attained after each addition.
The ionic strength was kept constant with 0.1 M potassium nitrate. Gauss

computer program (88)

was used to achieve the purpose of finding the
ionization constants.

The of pK,; and pK,, values of BTZ, BIZ and TZ azo dyes were
reported in Tables (2.2-2.6). In the complex formation studies, it is
convenient to describe the system containing ligand molecules and

hydrogen ions in terms of association constant rather than ionization

constant.

2.8 Determination of Thermodynamic Stability Constants:
2.8.1 Theoretical Aspect:

The qualitative role in the determination of the number
complexes formed in the solution spectrophotometrically was described by
Beck !?. A continuous variation method and mole ratio method were used
revealing that (1:1) metal. To Ligand chelates were formed in these
experimental conditions in acidic medium as indicated in Table(2-7-2.9).

If one complex is formed, one can apply the method of the
spectrophotometric determination of the stability constants developed by
many workers ®". This method is only applied when the metal and ligand

react are one constant ratio.



2.6 lonic BackGround:

In order to control activity coefficient in aqueous solutions by the
use of constant ionic background, an excess of an electrolyte was used,
which is usually assumed not to form any complexes with the ligands or
metal ions. The electrolyte might be soluble to give an ionic medium with
the appropriate concentration. In this work, an ionic background of 0.1M of
nitrate used. Sillen and Bieder ®” suggested that for a system , in which the

free cation concentration was varied.

2.7 Determination of Acid Dissociation Constants of the

Protonated Azo Dye:
2.7.1 Theoretical Aspects:

Ionization constants are a function of acid and base strengths some
times referred to as dissociation constants, which reveal the properties of
the different ionic species into which a substance is divided at any chosen
pH 56

For acid, the ionization process is

LH\_ﬁ H" + LH_ (2]

The stocheiometric acid 1onization constant is given by

_ e ]
) [LH ]

It is convenient to express the system confining so ligand molecules

and hydrogen ions terms of association constants (K ) rather than

ionization constant (K, )



H, L represents the azo dye with the following equilibria:

Kal - +
H,L —= HL+H
Ka2
—as\ L2+H'
When the reaction occurs between metal ion(M™) and azo dye

solution, the expected equilibria are:-

—\
=
HL + Mn+ ML(n-2)+ +H+
ﬁé
L2- + M ML(H'z)“‘
The above equilibria can be described in terms of thermodynamic
equilibrium constant
K.i =H[HL]/[H,L] ....(2.8)
Ko =HI[L]/[HL] ....(2.9)
Kve =H [ML]/ [M][HL] ...(2.10)
H J'JL
BLBECY (2.10)

So Ka = Kal- Ka2_ H L

And Ky = [||:_|M+]:[[I-I\|/|LL ]] ..(2.11)

Charges are omitted for the sake of simplicity, where the total

concentration of the ligand C; in the solution is:

C.=[H,L] + [HL]+ [L] +[ML]

The total concentration of the metal Cy; is:



Cum = [ML] + [M]
where a metal ion reacts with H,L, at relatively low pH (to avoid the
hydrolysis phenomena of the metal ion) .

L*,[M (OH)y] and, [MHL ]Jare negligible in the pH range (pH=3.3-4),
whereas the ionic strength is still constant (0.1p KNO;), The hydrolysis
constants pKoy of the metal ions were listed in Tables (2.7-2.9) in addition
to the recommended references. In the presence a large excess of Cy; over
that of the Cp, the type of complex formed at that condition are found by
using continuous variations method (job’s method)"'>* °?, or. and the mole
ratio method **¥. absorbance was measured wave length of miximinum

absorption(max), where only the chelate was absorbed , indicated that (1:1)

metal: ligand was formed under that conditionso &), -&, - & HoL = 0.

And the following empirical equation was used:

CAM 1 . IlK (H(Hfz2 + Kazj/ fC,- ALl e
EMLI g|\/||_ ML EMLI

where, A is the absorbance at a fixed wavelength € the molar absorptirity

coefficient of the ligand, L and  is the bath length of the quartz cell .

The variable (Y= Cy; / A) ranged from 1 / € 1to 3 / €l in such a way
as to maximize the accuracy in the slope and the intercept values. The
stability constants were calculated, following the least square method,
using (Cy) the total concentration of ML, the ligand, the free hydronium

ion concentration (H) and the absorbance of the complex (A).



2.8.2 Experimental Detail of determination of Stability

Constants:

To determine the stability constant for complex formation, standard
solutions of freshly prepared azo dyes and metal ions of (1X10” and4X10™
M) in mixed solvents (30% dioxane-water by volumes) are mixed. A series
of test solutions were prepared and the electronic absorption spectra were
recorded by the following steps:

The Uv-Vis spectrum of the azo dye and the metal ion were
recorded individually, in 30 % ,1.4 dioxane/water.

The wave length of maximum absorption (A,.) of the azo
dye and its complex with the metal ion (for each) were found.

The absorbance of the complexes formed at( A .« )and
25C* were found listed in the Tables (2-7 — 2-9).

In order to study the effect of temperature on the stability
constants, the absorbance of the complex solutions should be
determined at different temperatures (18, 25, 32C°). The required
temperature for each reaction was obtained and maintained to about
(0.1-0.2 C°) in the cell compartment by circulating water thermostat
through the cell compartment for about 15 min. to initiate the
reaction. Taking in consideration the fact that the reagents used for
complex formation were kept at constant temperature (in the water
bath). The absorbance of the complex solution was recorded against
the blank, (which contained all the reagents except the metal ion).

The pH-values of the solutions were needed to

calculate the stability constants by applying equation. (2-12)
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Fig (2-1) Visible spectra of BTZ azo dye no.7 (a) and its complexes with (b)
Zn (II), (c) Pb (IT) and (d) UO2 (II) ions
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Fig (2-2) Visible spectra of BIZ azo dye no.17 (a) and its complexes with (b)
UO2 (I), (c) In (IIT) and (d) Cu (II) ions



Table (2-7) Characterization Data for The Complexes of BTZ

azodyes (NO. 1-15) with the Metal ions indicated

Metal ko Ao c. p Color of | Log Ky,
Ion Ref(96-103) nm 10° |H range the
¢ Complex
U0, (I) 9.3 580-600 | 19-20 3.7-4.0 r-o 7.7-9.0
Pb (II) 6.5 575-600 | 19-20 3.8-4.3 y-p 7.2-8.5
Ce (II) 4.3 560-630 | 18-20 3.24.1 y 8.5-9.5
La (III) 8.3 560-620 | 17-18 4.0-4.3 y-0 6.0-7.2
In (I1I) 4.4 620-695 | 21-23 3.0-3.8 bl. 10.0-9.0
Zn (IT) 8.2 590-620 | 16-18 4.0-4.7 0-y 6.5-7.5
Cu (IT) 6.8 570-640 | 22-23 3.9-4.7 p-r 10.0-11.2
Ni (I) 6.5 550-625 | 18-19 3.8-4.4 y-0 7.5-8.3

Table (2-8) Characterization Data for the Complexes of BIZ azo

dyes (No. 16-19) with the Metal ions indicated

Metal o \ pH Color of Log Ky,
pPKkon .10 the
Ion nm range
Complex.
uo, ) | 9.3 | 580-600 | 16-18 4.0-4.5 wine-r 8.6-9.4
Pb (I) 6.5 | 590-610 | 18-20 4.2-4.6 y-p 8.5-9
Ce (IID 4.3 | 570-585 | 18-21 3.0-4.0 y-0 10.7-11.5
La(II) | 83 | 590-620 | 18-19 4.0-4.5 y 8.3-9.3
In(Il) | 44 | 600-630 | 20-23 3.0-4.0 bl-g 11.3-12.2
Zn (I) | 8.2 | 500-620 | 15-15.5 | 4.0-5.0 wine-r 6.5-7.3
Cul) | 6.8 | 570-620 | 22-34 7.5-4.5 Br-p 8.8-9.2
Ni (II) 6.5 | 570-630 | 17-19 4.0-5.0 y-p 7.7-8.0




Table ( 2-9 ) Characterization Data for The Complexes of TZ
azo dyes (No. 20-23) with the Metal ions indicated

Metal Ion pkon A max £.10° pH Color of the Log Ky
nm range Complex.

U0, (ID) 9.3 550-670 9-10 4.0-4.9 o-r 4.2-5.3
Pb (ID) 6.5 500-650 89 4.3-5.2 Y 3.0-3.8
Ce (IID) 4.3 520-660 11-13 3.2-4.1 y-r 6.3-7.2
La (III) 8.3 500-620 11-13 4.5-5.0 y-0 4.7-5.0
In (IIT) 4.4 505-630 9-10 3.3-4.0 y 5.3-6.2
Zn (II) 8.2 590-630 89 3.2-4.0 r. 3.2-3.7
Cu (ID) 6.8 520-660 11-13 4.0-4.7 br. 6.0-7.4
Ni (ID 6.5 570-605 12-13 4.5-5.5 P 5.5-6.3

*bl: blue , g: green, br: browen , y: yellow , r: red and p: purple




2.9 Determination of Thermodynamic Functions for Complex

Formation:

Vant’ Hoff deduced a quantitative relationship between the changes
in equilibrium constants and the variation in the temperature '*¥. (AH®)
can be obtained from the well known equation

InK,, =-AH®/RT +constant ... (2.14)

where R represents gas constant (8.3143 jK™'), and T the temperature in
Kalvin In this work, the stability constants were obtained
pectrophotometrically at three different temperatures (18, 25, 32) °C. So

(AH?) could be estimated using least squares method. For a dilute solution,

AGO and AS° could be calculated by the following equation:
0__
AGY = RTanML ....(2.15)

AS® =(AG® —AH®)/T ....(2.16)
For the aim of detailed discussion of thermodynamic quantities, it is
convenient to analyze the changes in enthalpy in terms of

(AH 1) electrostatic enthalpy change represented long range of contribution
e

depended upon the environmental and temperature changes. The covalent

component, (AH C) the cratic enthalpy change, represents a short range of

contribution independing upon temperature change and environments

AH=AH _+AH ....(2.17)
el Y

The separation of thermodynamic functions into temperature
dependant and temperature independent components was firstly suggested

by Gurney "* for proton ionization reactions. The method was extended to



metal complex formation by Nancollas '*” and recently also been applied
by Mashaly et al . ©” .
So AH,, was obtained using the equation below:

AH_ =(T-1)(AS+AnRInx) ..(2.18)
c

Where T represent the temperature of the solution during the
reaction process between metal ion and ligand reach the equilibrium. (r):
characteristic temperature of the solvent( for water = 216 Kelvin).

An the change of the solute particles during the complexation process, and

(x) the number of water molecules per 1000 gm. of solvent.

AH =AH_, +AH;
el

This equation was applied in the work to calculate (AH o) and

(AH 1), data are reported in the Tables (3-8--3-15) for the complexes
e

under consideration.

2.10 Biological Activities:

Chemicals on facing the biological system may express multiple
effects like, anti bacterial, antifungal, antiviral as well as anti neaplastic
effects Besides, they may be inert > In the present work a preliminary
study on the invitro anti bacterial effect was made for these azo dyes
derivatives using disk diffusion technique

Disk diffusion technigue: diffusion method was used to make preliminary

investigation of anti bacterial activity of these azo dyes derivatives invitro,
the method ,depends on the diffusion of a known concentration of the
tested agents from a filter paper disk applied on a seeded solid surface
media. The diameter of the radius of the inhibitory zone reflects the

potency of the tested compound and is subjected to many physical and



(199" such as pH, components of the medium, stability of

chemical factors
the compound, the method size of inoculum, incubation time and metabolic
activity of the microorganism.

The disk diffusion method was applied in the work to measure the
bacterial sensitivity of E.coli, Staph. aureus and Ps. aergenosa to BTZ,
BIZ, TZ and their complexes with Zn(Il), the procedure possessed was
abstracted in the following steps:

1.Mueller — Hinton agar is prepared from a dehydrated base
according to the manufacturer’s recommendation. The media
should be capable of producing control zone sizes within the

published limit NCCLS 7.

2. The medium is cooled to (45-50C°) and poured into 9cm plates

to a depth of 4mm set on a level surface for solidifying each

plate required about 15 ml of medium.

3. When the medium is hardened, the plates for immediate use
should be dried for about 30 min. at 35 C° by placing them in
the upright position in the incubator with the lids tilted.

4. A filter paper disk (Watman No.l) impregnating with a
measured quantity of agent (about 15ug in a disk) is placed
carefully on a solid surface that has been evenly seeded with
test organisms (E.coli, Staph. aureus and Ps. aergenosa),
using a single disk for each synthesized compound with careful
standardization of test condition. The evolution of susceptibility
of the microorganisms is done by measuring the diameter of
inhibition zone around the disk compared with controls ( disks
impregnated with solvent only ).

5. The size of the inhibition zones were measured to the nearest
millimeter and compared with the standard limits of sensitivity
of the same species of bacteria against antibiotics .



Chapter Three

Results and Discussion:-

3.1 Preparation and Characterization of Azo Dyes: -

The present work concerned with the preparation and identification
of three series of azo dyes, normally. Fifteen ligands were present from the
reaction of 2-amino 6-substituent benzothiozoles with 2-hydroxy 5-
substituent benzoic acid, four ligands derived from 2-amino benzimidazole
and the four ligands from 3-amino triazole. These ligand were identified by
CHN analysis, IR-spectra technique fig (3.1 — 3.2), and only four of them
were analyzed by mass spectra fig(3.3 — 3.6 and Table 3-1), in addition to
the melting point and paper chromatography techniques. We would expect
to obtain new highly sensitive reagents for metal ions by introducing a
group which is strongly electron donating in the para position next to the

111
(1D " as shown

azo group and or para substituant next to the hydroxy group
in tables (2-2 — 2-6).

It has been demonstrated from Uv — vis spectra of these ligands in
30% (v/v) dioxane — water mixed solvents that the A, of the azo dyes,
owing to 77 —¥T * transition, were the region near 450+ 50nm , the shift of
the band toward lower wavelength (red shift) occurred as the ability of
oxochromopheric groups to donate -electrons increase through the
conjugation system and vise reverse as shown clearly in tables (2.2 — 2.6).

Mass spectra of only four azo dyes were performed gave a precise

molecular weight for each compound under consideration as represented in

the Table(3.1) addition to IR technique which assigned the presence of the



azo group in addition to clear structures of the ligands in this work as

shown in the Tables(2.2-2.6).
3.2 lonization Constants: -

The azo dyes BTZ, BIZ and TZ azo dyes have two dissociated
protons in the enolized hydrogen ion of the hydroxyl group and the
carboxylate of the benzoic acid, A potentiometric method was followed and
Gauss computational program was used to evaluate the dissociation

constants (86)

, and the data are summarized in the Tables (3-2 & 3-4),
indicating that the values of the acidic character of BTZ were found to be
higher these that of BIZ values, where the TZ derivatives had equivalent
(pK.,) values to BTZ character.

One of the aims of the present investigation is to find out the role
of each substituant, resonance effect, inductive effect and steric hindrance.
According to the electron donating ability of the substituent on the pk,
values of the azo dyes following the change in the stability constants, i.e
these effects are responsible for altering the reactivity of the reaction with
metal ions. In order to evaluate the stability constant and a comparison was
done between the three types of azo dyes (BTZ, BIZ & TZ). In general, the
pK, values assign that resonance and inductive factors play a detectable
source on the pK, whereas no steric hindrance between hydroxyl or acetate
group with the substituent had been found. For a number of constituents,
the obtained thermodynamic ionization constants of 23 azo dyes that were
prepared , the results indicated that iodo, bromo, chloro and nitro
substituted ligands have lower ionization constants compared with the
methyl substituted one. one can interpret in view of electron donation,

which can lead to a consequent increase the basicity in addition to entropy
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Fig( 3-1)Infrared absorption spectra of BIZ azo dye no.17 ;spectrum (1) and BTZ azo dye no.5 ;spectrum (2)
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effect "'?). Tt is through that effect of halogen groups involving mainly the
electronic effect, representing that these groups are strong electron
attraction groups, through mesmeric effect, to a great extent. The stability
of the proton complexes formed depends on the basicity of the hydroxyl,
azo dyes under and, the availability of the electrons around the donating
groups.

The pKa value of imino hydrogen equals to 14.5 in imidazole '"*’ |
Whereas in the benzimidazole; it presumably decreases due to conjugation.
However, during the work, the titration of benzimidazole up to pH (11)
with sodium hydroxide no release of imino hydrogen ions observed. It was
likely therefore that the pK, of imino group is not less than 12 and not
greater than 14 in the Benzimidazole derivatives, according to our
investigations it was confirmed that the pK, values increase with the
increase of the mole fraction of dioxane ©?.

The pK, values indicated that the substituted 2- hydroxy benzoic
acid were characterized by the absence of steric factor, assigned and that
the substituents effects in the benzoic acid ring were more affective than
there in the heterocyclic benzothiozolyl ring. The pK, of BIZ is higher than
of BTZ, and this might be due to the electron donating effects of the
imidazole nitrogen group than in the BIZ ligands. One might expect the
affinity for metal ions, rather higher stability for BIZ complexes compared
with BTZ which assumed to bind through its pyridyl nitrogen and not with
imidazole nitrogen.

The most probable explanation for this behavior is the presence of

intramolecular hydrogen bonding""'¥ between the hydrogen of the o-

hydroxyl group and the basic nitrogen atom of the BTZ, BIZ and TZ part of
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Fig( 3-2)Infrared absorption spectra of TZ azo dye no.21 ;spectrum (3) and TZ azo dye no.23 ;spectrum (4)
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the azo dyes under investigation scheme (3.1A). The hydrogen bond
formation leads to marked reduction in the basicity of the nitrogen atom, i.e
the formed complex becomes less stable. There is another intramolecular
hydrogen bonding that occurs between the carboxylic group and the
hydroxyl group in probable position to form six-member ring. In this case,
two intramolecular hydrogen- bonding are
possibly @ operational at the same time in the
molecule scheme (3,1B). These phenomena leads to a

marked
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hypsochromic and batho chromic shifts on protonation and ionization,

respectively as in Scheme (3-2).

Protonated form Neutral form Anion form Di anion form



Table (3-1) the fragmentations of some azo dyes mass spectra indicated in
fig (3-3 to 3-6)

Amdvenel Prgment | M
e e e e . =
Parent ion 338 11
C1HoN,058" 310 4
BTZ2) | CHN05 | 176 24
| CgHgN,S™ 164 100
| ~ CgHoS" 137 2
| Parent ion 379 20
C HN,0sS" | 351 4
BTZ(10) | C,HiN;0,8" 195 18
. C;H;NO,CI 185 100
| CHS 123 0
Parent ion 317 10
BIZ(17) | CyHoN,05C1" | 289 38
C;H,NOCI" 185 21
C;H¢N;' 132 100
Parent ion 263 30
TZ(23) CoHoN;0," 235 100
. . GHNOS | 181 9




3.3 Stability Constant of the Complex: -

The stability constants of 1:1 complexes of BTZ , BIZ and TZ azo
derivatives with UO,(II), Pb (1), Ce (I1I), La (III), In(III), Zn (II), Cu (1I)
and Ni (II) in a media of ions strength (I =0.1 KNO; )were evaluated .
Spectrophotometric method was followed and DALSFASK computational
program was used for that purpose '”. However, no attempt has been
made to correlate the stability constants of complexes of BTZ with that of
BIZ, both reagents are dibasic acid and simultaneously form the normal
type of complexes with most metal ions. BIZ form more stable complexes
with metal ions than BTZ because of the lower basicity of the thiazole
rings. Ni does not exhibit the same distribution as the other two metals (Cu
and Zn) due to the lower preferences for coordination with S than N donar
atoms and a much lower ratio for loss of water than Cu and Zn. A
comparison was done between TAR — Metal complexes with BTZ — metal
complexes and RAR — complexes with BIZ — metal complexes which seem
to have the same structure formula and these are listed in Tables (3-3)
respectively.

The stability constants of the metal complexes were determined
using a computational method, and the values of the stability constants (log
Kwmr) were represented in the Tables (3.2 - 3-4). The following remarks can
be achieved:

1.A continuous variation method and mole ratio method were used
revealing that (1:1) ML type of complexes were formed in solution.

2. No hydrolysis was observed in solution vessel there fore metal

hydroxide formation was excluded.



3.The stability constants of BIZ in metal complexes are higher than

the corresponding metal complexes of BTZ, while TZ azo dyes show

relatively lower values of (log Kyp) than that of BIZ. This is quite

reasonable because the BIZ ligands are regarded as better complexing

agents, maight due to the basicity of BIZ molecule.

Table (3-3): A comparison between stability constants of similar system

D/Ietal log k. range log kmp of TAR | log kv of PAR L
idn BTZ BIZ VAL R Lref (121-129)]

UOLIT | (7.4-8.8) |(8.5-9.2) (4.3-5.3) | 10.9 12.5
Pb 11 (7.6-8.0) | (7.8-8.3) (3.0-3.8) | 8.34 11.9
Celll |(8.5-9.2) |(10.0-11.6) |(6.3-6.7) | 7.44 8.0

Lalll |(6.0-7.7) |(8.5-9.2) (4.8-5.9) 16.93 8.9

In IIT (9.0-9.8) [ (11.0-12.7) [(5.3-5.9) | 10.1 9.6

Zn 1l (6.4-7.9) |[(6.5-7.1) (3.7) 7.30 11.2
Cull (7.7-8.7) | (8.8-9.2) (6.5-7.1) | 10.0 17.3
Ni I (7.6-8.1) | (7.5-8.0) (5.9-6.3) |9.34 14.1

sequences:

In(IIT) > Ce(I1I) >Cu(II) > UO,(II) > Ni(II) > Pb(I)> Zn (II) > La(IIl)

For BIZ metal complexes follow the sequences:

4. The stability constants of metal complexes of BTZ follow the

In(IIT) > Ce(I1T) >Cu(II) > UO2(II) > La(III)> Pb(II) > Ni(II) >Zn(II)

And for TZ metal complexes follow the sequences:

Ce(11T) > Cu(II) > Ni(IT) > In(III) > La(IIT) > UO,(II) > Pb(II) > Zn(II)



The higher values of the stability constants of the M>* complexes
are expected on the basis of the charge / ionic radius and ionization
potential of the metal ion mostly in the octahedral field environment.

A major factor, which might influence the stability of TZ
complexes relative to BIZ and BTZ, is the extent of 77 - bonding
interactions. 77 -bonding will strengthen the metal ligand linkage. Probably
the most important aspect of the back donation to 77 -bonding is the
reduction of the net negative charge donated to the metal. The more
electron density the 77 -system can transfer to the ligand, the more the
metal can accept via the o bond"'?. In turn, the more the o bond
interactive removes electron density from the ligand, the more readily the
ligand can accept electron density through the 77 - system. So such a
system can increase the bonding possibilities of the others. This is
sometimes called the synergic effect. The reduction in the stability of TZ —
metal complexes compared to BIZ and BTZ could be due to the
replacement of the benzene rings by imidazole poorer 77 - acceptor, With
the Pb and Zn —TZ derivatives (azo dyes no, 20, 21 with Pb(Il) and azo
dyes no. 20, 21 and 22 for Zn(Il) no complexes were detected
pectrophotometrically which maight reveal to the strength of the
coordination power because of these ligands, This is in agreement with
some expectation because of a reduction in the strength of both o and 7
bonding. The ligands under consideration can be placed in the following of
decreasing ligand field strength

BIZ>BTZ>TZ

Back donation electron phenomena (M —>L) 77 - bonding is

expected to occur in these systems and may play a vital part in facilitating



the hydrolysis of water, molecules bond to metal ions. (M —L) 7 -
bonding serves to transfer electron density from the metal ion to the ligand.
In other words, it tends to increase the net positive charge on the metal ion
which will result in an increase in the bond strength between the oxygen of
a water molecule and the metal ion, and thus increase in the activity of the
water proton.'*?

Many workers ®"'"® have introduced a linear relation between the
stability constants of metal — ligand complex and the acid ionization
constants of the closely related ligands. They are all fundamentally based

upon the following equation®”:

log K G\ -G )-(G\9-G,2).(.1)

ML = PKap * 2303RT((

where G'refers to partial molar free energy.

Providing that the combined molar free energy terms are either
negligible, constant or a linear function of pk,, when series of the
corresponding ligands are compared using the same metal, the terms
(G\HO _G\MO) is constant for closely related compounds and the same
metal ion, the terms (G I\—(|)L —G|\\2 L) is unlikely to be
zero, so slope of such a plot will be equal to unity or different from unity.
The dependence of (G\ G\OL) on basicity of ligand and the charge
density on the metal ion, as the increasing in basicity of ligand or the
decreasing of (z/r) of the metal ion, the difference in (G I\—?L —GI\\ﬁL) shows
more dependence on the hydrogen bond compared with metal — ligand
bond. In other words, the deviation from the unit slope can be explained in

term of m-bonding:



A)

If the slope > 1, this means that the metal ion has -
acceptor

properties.

B) If the slope < 1, the metal ion behaves as 77 - donor properties.
The correlation plots of pK,, vs. log Ky are shown in the Fig (3.7-3-.24).A
fairly satisfactory linear relation ,as shown in Fig(3.10,3.11,3.13 ,3.16,3.17,
3.18,3.19,and 3.22) while some show acceptable linear relationship as in
Fig(3.7,3.9,3.12,3.14 and3.15) while another not obey equation(3.1)
relationship as shown in Fig(3.8 and 3.28), no explanation is found till now
for Pb(Il) complexes, but the inversely relationship in Fig(3.15)maight
concluded to the effective of proton complexes.

The values of slope, intercept, coefficient of determination, R-
squared and Residual mean square, were obtained by using GRAPHER and
SPSS computer programs with the aid of least squares method to data given
in Fig (3.7-3.24) since the slope of the correlation mostly was less than one
unity, this indicate that substituents effect the stability of the proton
complexes to a greater extent than that of the corresponding metal
complexes Fig (3.15-3.26), and that the metal mostly would behave as

7T donor properties
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A further means of studying the effect of substitution, correlation

between log ky; and (pk,i+pk.,) was derived by Ernst and Menachi >

log Kyt = B(pkai+pkaa ) + 0 ... (3.2)

Equation (3.2) produces that a plot of log ky against pK,, + pK,,

should yield a straight line for a series of closely related ligands.

Hence, if a linear relationship is hold, three cases are distinguished:

1.slope = 1 ; substitution affects the stability of the metal complexes
to the same extent as that of the corresponding proton complexes.

2. slope >1 ; substitution affects the stability of the metal
complexes to a greater extent than that of the corresponding proton
complexes.

3.slope < 1 ; substitution affects the stability of the metal complexes
to a lesser extent than that of the corresponding proton complexes.

Tables (3.3-3.5) represent the statistical results obtained by plotting
of log Kyp vs . pkai+pka, for the complexes of various metal ions with both
BTZ, BIZ and TZ azo dyes. The values of slope, intercept, coefficient of
determination, R-squared and Residual mean square, obtained by using
GRAPHER and SPSS computer programs with the aid of least squares
method to data are given in Tables (3.5-3.7)
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3.4 Structural Study of the Complexes: -

A series of azo dyes derivatives were studied previously by IR and
H-NMR spectroscopy. The compounds studied and dissolved *" in CDCl,
solution proved the presence of intermolecular hydrogen bonds as preferred

flattened chair- chair conformation or Zig-Zag form “?.

((126)

A structural study of copper —2 amino Benzothiazole complex

in presence of formate ions showed that Cis bis(2- amino bezothizaole)bis

() was formed, by using X-ray technique, it was confirmed

formate copper
that the complex has a distorted octahedral with Six coordination number.

The four closest donor atoms were two N atoms of 2-amino BTZ
and two oxygen atoms of the carboxylate groups. They form a distorted
square-planner arrangement with Cu-N and Cu-O distances of 1.991A° and
1.993 A°respectively,

Maura et.al 27

concluded that the hydrogen atoms of each amino
group of 2-amino benzothiazole molecules forms inter — and intra-
molecules hydrogen bonds with oxygen atoms from the acetate groups.
Inter-molecular S-S secondary bonding of 3.502 A’ occurred between

neighboring chains of molecules connected by hydrogen bonds.
Zhang et al. * studied the complex configuration Lanthanide of
BTZ-2-thiolate with the same ions (Ln(I), Dy(II), Sm(I), and Y (III). All

these complexes have been characterized by elemental analysis, IR, X-ray
crystallography, and mass spectra. The crystal structural analysis shows
that these ions coordinate with BTZ-2-thiolate to form a distorted trigonal
bipyramidal geometry with coordination number five. The Ln-S bond

length in the longest values was found in organo lanthanide complexes.



For a multidentate ligands such as azo dyes in this investigation;
there are two main factors that influence the structure of their complexes:
A) Intramolecular hydrogen bonding as discussed in
section (3-2).

B) The variation in the attachment of azo group to the
benzene rings with its hard oxygen atom and
relatively hard nitrogen donor atom will be able to
form relative strong complexes with metal ion, which
lie in the bordar line region between hard and soft
acceptors. Azo dyes derivatives seem to react with
metal and behaveas tridentate ligands enolate attached
to the azo nitrogen adjusted to the phenol ring,
oxygen of phenol group and thiazole nitrogen atom
therefore, two five members chelate ring, no example
participation of the thiazole sulfur atom in metal
bonding was found ®?. Reagents of this class behave
as tridentate ligands, giving colored (red or red-violet)
chelate with metal ions under study, in acidic and
slightly acidic solutions form ML type chelate. In
alkaline solution, the hydrolysis will occur; therefore
at this rang of pH, hydrolysis of the metal ions must
be avoided. In case of BIZ and TZ azo dyes, these
type of ligands were assumed"” to bind through thier
pyridyl nitrogen and not through the imidazole
nitrogen. According to the azo — hydrazone

tautomerism of BTZ compounds "**'* both BTZ
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and phenol rings must rotate by 180° around the N(2)-
C(2) and N(1) — C(1) bonds Scheme(3-1) during the
coordination with metal ions. It should be noted that
this rotation did not occur if C(1)-N(1) was double
bound (i.e. hydrozone form) , therefore, the reaction
will occur through the azo form only . as illustrated in

scheme (3-3):

Scheme (3-3)
There are several types of metal bonds like M-O, M-azo group and
H-M bonds, AH ©values vary with the nature of the donor and acceptor
groups, the medium of the reaction and the presence of neighboring group
(i.e steric hindrance), BTZ, BIZ and TZ have identical coordination sites

and very similar reaction stereo chemistry with a series of metal ions

UO,(11), Pb (II), Ce (I1I), La (I1), In(I1T), Zn (IT), Cu (II) and Ni (II).



3.5 Thermodynamic Study of the Complex: -

The stability constants of UO,(II), Pb (II), Ce (I11), La (III), In(I1D),
Zn (1), Cu (II) and Ni (IT) complexes have been evaluated at 291,298 and
306K°. The enthalpy change (AH °) for the complexation process was
calculated from the slope of the plot (log Ky vs 1/T) by using the least

squares method. From the (AG°) and (AH °) values, one can obtain the

enthalpy change using the well — known relationships *” :
AG°=-2303RT logKpny. (3.3)
AS°=(AH-AG®/T (3.4)

The thermodynamic parameters of the complexation process of

BTZ, BIZ and TZ with a various metal 1ons are summarized in the Tables
(3.8-3.15), their result reveal the following:
1) The metal ions exist in solution in a hydrated octahedral form.
ii)The AH ° and AS° represent the sum of (1) release of "H,O molecules,
and (2) metal-ligand formation.

The metal ions in aqueous solution, where the orientation of water
molecules around them during complex formation process between the
oppositely charged ions (ligand L and M*") leads to the breakdown of metal

— water arrangement, resulting in a positive entropy.
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The stability constants log Ky decreased
with the increase of temperature, except the log Ky of few
complexation process as indicated in Tables (3.8-3.15),
which showed an increase of log Ky with the increase of
the temperature.

The negative values of AG° for
complexation process with BTZ, BIZ and TZ suggests a
spontaneous nature of such process.

The AH° values are negative revealing an
exothermic process that is favorable at lower temperatures.

The positive values of AS° for the
complexation process of BTZ, BIZ and TZ with UO,(II), Pb
(), Ce (III), La (III), In(Ill), Zn(Il), Cu(Il) and Ni(II)
confirming that the complex formation process is

entropically favorable.®**"

Table (3.8-3.15) summarizes the obtained thermodynamic functions
for the different members of these series. The lower stability constants of
BTZ and various metal ions compared with BIZ complexes and high values
of AS® provide an evidence to the fact that the steric factor is the more
predominating on the BTZ type of complexes. The obtained high values of
AS©® mean most probably that the azo dyes exert to oriented during the
complex formation, retorting the attack of metal ion to the complexation
site. It is intersting to note that AS® of all the members of the BTZ series

show high values compared with those of BIZ and TZ complexes, i.e the

entropy factor is of a considerable value.



The slightly exothermic values of AH® may be a consequence of
formation of a weak metal ion — ligand bond. without displacement of
water molecules from the first hydration shell of the cation. It is possible to
make a more detailed discussion of AHOvalues. the latter reflect the
changes in the numbers and strengths of the bond made and broken during
the AH ©to the type of bonding between the metal ion and ligand molecule
and to the structural features of the complexes.

So it is convenient to divide (AH®) into two parts, AH e

representing long range electrostatic forces depending upon environmental
parameter environmental and increasing with the rise of temperature, and

AHC representing short — range covalent forces insensitive to

environmental and independent of temperature changes. The data in table

(3.8-3.15) illustrate the AHC and AH e for the metal — ligand under

investigation.

The effect of coordination to a metallic cation on the acid strength
of a group on a ligand bonded to the metal has been shown to be
characterized by two features:

It is essentially an enthalpy effect in that the
decrease in log Kyof metal — ligand complex is reflected
mainly in a corresponding decrease in AH® of complexation.

It is a composite effect, its magnitude depending
upon the the elastic effect of the metallic cation on the ionizing
group, as well as on the extent to which the stability of metal —

ligand complex is enhanced by resonance.



The enthalpy changes of BIZ during the complex reaction seem
always larger than those of BTZ and TZ complex formation. It is possible
to say that the comparative exposure of one of the Imidazole nitrogen atom

to solvent leads to the release of more solvent molecules on protonation, as
tentatively suggested by Eilbeck et. al ©©

This work is concerned with the enthalpy of the formation of BIZ,
BTZ and TZ complexes. In order to compare the thermodynamic properties
of a series of BTZ, BIZ and TZ which have identical coordination sites and
vary in their geometry.A similar reaction stereo chemistry with a series of
metal ions UO,(II), Pb (I1), Ce (III), La (III), In(III), Zn (II), Cu (II) and Ni
(I)was done. The enthalpies of formation of metal — ligand complexes in
aqueous dioxane (30%, v/v) were determined, where the geometry of the
reaction products are the same for a particular ligand. The differences
between metal ions data are interpreted as a difference in the degree of
solution of metal and ligand ions. By comparison, the enthalpy data of one
ligand with those of another, difference in chelate geometry must be

considered in accounting for the results Table (3.8-3.15).















Table (3-8 ): Thermodynamic stability constants and thermodynamic
parameters for the formation of UO, (I1) chelates of substituted azo
dyes at(25+0.1 C° 1 =0.1 M KNOzand 30%(Vv/v) 1,4 dioxane — water)

Azo dye N Log K AG® | AH° AS° AHe | AHc
no. max L (cve) | (-ve) | (+ve) | (+ve) | (-ve)
1 483° 8.37 | 478 | 135 115 11.5 25.0
2 490° 8.29 473 | 17.0 102 10.4 27.4
3 492° 8.49 | 485 | 19.1 99 10.2 29.3
4 487° 8.61 | 492 | 171 108 110 | 28.1
5 482° 8.73 | 49.8 | 136 121 120 | 256
6 497" 836 | 47.7 | 158 107 11.0 26.8
7 500° 8.19 | 4658 | 10.9 120 120 | 229
8 483° 857 | 489 | 11.0 127 120 | 23.0
9 500° 8.48 | 484 0.8 129 13.0 22.8
10 493° 8.68 | 496 | 98 133 130 | 228
11 492° 850 | 485 | 11.9 123 12.1 24.0
12 500° 8.28 | 473 | 16.2 104 110 | 272
13 481° 8.60 | 49.1 | 19.6 99 10.2 20.8
14 489° 7.43 42.4 | 12.0 102 10.4 22.4
15 498° 841 | 480 | 171 104 11.0 | 28.1
16 490° 9.03 | 515 | 406 37 5.3 45.9
17 485° 8.68 | 496 | 417 26 4.4 46.1
18 480° 8.84 | 50.5 | 38.9 39 5.4 44.3
19 485P 9.34 53.3 | 445 29 4.8 39.7
20 562 4.37 249 | 19.1 19 3.9 23.0
21 568 450 | 25.7 | 17.8 26 4.4 22.2
22 570 448 | 256 | 17.3 28 4.6 21.9
23 550 460 | 263 | 228 12 3.3 26.1

Values of AG®°and AH®in kJ / mole, AS®in Joule / deg. mole and A max, Maximum

wave length at which the complex absorbed in nanometer unit .




Table ( 3-9): Thermodynamic stability constants and thermodynamic
parameters for the formation of Pb (I1) chelates of substituted azo dyes

at(25+ 0.1 C°% 1 =0.1 M KNOzand 30%(v/v) 1,4 dioxane — water) .

Azo dye N Log K AG® | AH° AS° AHe | AHc
no. max L (cve) | (-ve) | (+ve) | (+ve) | (-ve)
1 492° 7.76 | 443 6.7 126 12.3 19.0
2 485° 783 | 447 | 115 111 11.1 22.6
3 501° 7.86 44.9 1.4 146 13.9 15.3
4 480° 787 | 449 | 152 100 10.3 25.5
5 478° 787 | 449 | 6.1 130 12.6 18.7
6 486° 789 | 450 | 17.9 01 9.6 27.5
7 491° 780 | 445 | 16.0 96 10.0 26.0
8 480° 7.75 44.2 | 17.6 89 9.4 27.0
9 500° 785 | 448 | 99 117 11.6 21.5
10 495P 789 | 450 | 115 112 11.2 22.7
11 490° 778 | 444 | 6.8 126 12.3 19.1
12 489° 779 | 445 | 79 123 12.1 20.0
13 477 7.92 | 452 | 14.0 105 10.7 24.7
14 502° 7.70 44.0 6.4 126 12.3 18.7
15 503° 792 | 452 | 5.3 134 13.0 18.3
16 505° 8.02 | 458 | 431 9.0 3.1 46.2
17 510° 843 | 48.1 | 378 35 5.1 42.9
18 501° 8.20 | 46.8 | 40.2 22 4.1 44.3
19 505° 785 | 448 | 36.9 26 4.4 41.3
20 - - - - -
21 - - - - - - -
22 550 3.00 17.1 | 11.3 19 3.9 15.2
23 500° 3.80 | 21.7 | 15.9 19 3.9 19.8

Values of AG®°and AH®in kJ / mole, AS®in Joule / deg. mole and A max, Maximum

wave length at which the complex absorbed in nanometer unit .




Table ( 3-10 ): Thermodynamic stability constants and thermodynamic

parameters for the formation of Ce (I111) chelates of substituted azo

dyes at( 25+ 0.1 C° I =0.1 M KNO;and 30%(v/v) 1,4 dioxane — water)

Azo dye N Log K AG°® | AH° AS° AHe AHc
no. max U (cve) | (-ve) | (+ve) | (+ve) | (-ve)
1 470P 8.68 | 49.6 | 20.0 99 102 | 30.2
2 477° 8.65 | 494 | 141 118 11.7 | 25.8
3 480° 9.02 | 515 | 35 161 15.1 18.6
4 475P 911 | 520 | 7.9 148 141 | 22.0
5 463° 9.09 519 | 12.6 132 12.8 25.4
6 477° 8.69 | 496 | 114 128 125 | 239
7 469° 8.62 | 49.2 7.3 141 13.5 20.8
8 460° 908 | 51.8 | 16.2 119 11.8 | 28.0
9 480 892 | 509 | 12.0 130 126 | 246
10 478° 9.02 515 | 16.0 119 11.8 27.8
11 476° 898 | 513 | 188 109 11.0 | 29.8
12 473 8.73 | 498 | 16.2 113 113 | 275
13 463 0.18 | 524 | 181 115 115 | 29.6
14 482° 8.87 | 50.6 | 19.4 105 10.7 | 30.1
15 478° 8.80 | 50.7 | 15.2 119 11.8 | 27.0
16 476° 1068 | 61.0 | 50.7 35 5.1 55.8
17 47.6° 1152 | 658 | 52.7 44 5.8 58.5
18 470° 11.30 | 645 | 43.3 71 8.0 51.3
19 472° 10.07 | 575 | 47.4 34 5.1 52.5
20 530° 6.36 | 36.3 | 317 15 35 35.2
21 535° 6.48 | 37.0 | 313 19 3.9 35.2
22 545° 6.66 | 38.0 | 285 32 4.9 33.4
23 522° 6.87 | 39.2 | 322 23 4.2 36.4

Values of AG®°and AH®in kJ / mole, AS®in Joule / deg. mole and A max, Maximum
wave length at which the complex absorbed in nanometer unit .




Table (3-11): Thermodynamic stability constants and thermodynamic

parameters for the formation of La (I11) chelates of substituted azo

dyes at( 25+ 0.1 C° I =0.1 M KNO;and 30%(v/v) 1,4 dioxane — water)

Azo dye N Log K AG® | AH° AS° | AHe | AHc
no. max L (cve) | (-ve) | (+ve) | (+ve) | (-ve)
1 465° 641 | 36.6 | 10.8 87 9.2 20.0
2 478 634 | 362 | 88 92 9.6 18.4
3 470° 6.80 | 388 | 5.0 113 11.3 16.3
4 470° 7.05 | 402 | 41 121 11.9 16.0
5 458° 738 | 421 | 7.3 117 11.6 18.9
6 473° 745 | 425 | -0.2 143 13.7 13.5
7 478P 6.08 347 | -4.2 130 12.7 8.5
8 462° 725 | 414 | -16 144 13.8 12.2
9 480° 6.74 | 385 | -1.8 135 13.1 11.3
10 469° 712 | 406 | -8.1 163 15.3 7.2
11 474° 662 | 378 | 2.0 120 11.9 13.9
12 469° 621 | 355 | 35 107 10.8 14.3
13 463° 734 | 419 | 111 103 105 | 21.6
14 470P 760 | 434 | -41 159 15.0 | 10.9
15 480° 672 | 384 | 23 121 11.9 14.2
16 500° 853 | 487 | 35.2 45 5.9 41.1
17 495° 9.33 | 533 | 420 38 5.4 47.4
18 520° 9.15 | 522 | 39.0 44 5.8 44.8
19 510° 8.01 | 457 | 382 25 4.1 425
20 525° 489 | 279 | 207 24 4.1 25.0
21 510° 537 | 307 | 171 46 6.0 23.1
22 528° 540 | 308 | 21.9 30 4.7 26.6
23 505° 5.85 334 | 270 21 4.0 31.0

Values of AG®°and AH®in kJ / mole, AS®in Joule / deg. mole and A max, Maximum

wave length at which the complex absorbed in nanometer unit .




Table (3-12): Thermodynamic stability constants and thermodynamic

parameters for the formation of In (111) chelates of substituted azo

dyes at( 25+ 0.1 C° I =0.1 M KNO;and 30%(v/v) 1,4 dioxane — water)

Azo dye N Log K AG® | AH° AS° AHe | AHc
no. max L (cve) | (-ve) | (+ve) | (+ve) | (-ve)
1 488° 0.18 | 524 | 19.9 109 11.0 | 30.9
2 490° 9.14 52.2 | 27.0 85 9.1 36.1
3 493° 942 | 53.8 | 29.1 83 8.9 38.0
4 490° 955 | 545 | 307 80 8.7 39.4
5 483° 90.75 | 55.7 | 14.6 138 13.3 27.9
6 485° 9.52 543 | 24.9 99 102 | 35.1
7 492° 936 | 534 | 306 76 8.4 39.0
8 486° 9.23 | 52.7 | 286 81 8.8 37.4
9 496" 9.31 53.1 | 17.3 120 11.9 29.2
10 495P 950 | 542 | 21.3 110 11.1 | 324
11 488° 936 | 534 | 13.3 134 130 | 26.3
12 495P 0.04 | 51.6 | 141 126 12.3 26.4
13 480° 971 | 554 | 12.8 143 13.7 26.5
14 495° 9.26 52.9 6.0 157 14.8 20.8
15 493° 9.32 53.2 | 12.9 135 13.0 25.9
16 472° 11.62 | 66.3 | 54.3 40 5.5 59.8
17 463° 1264 | 722 | 59.3 43 5.8 65.1
18 470° 12.20 | 69.6 | 48.3 71 8.0 56.3
19 465° 11.06 | 63.1 | 52.8 35 5.1 57.9
20 523° 5.38 | 30.7 | 241 22 4.1 28.2
21 527° 5.46 | 312 | 244 23 4.2 28.6
22 530° 5.68 324 | 216 36 5.2 26.8
23 505° 5.80 331 | 27.2 20 3.9 31.1

Values of AG®°and AH®in kJ / mole, AS®in Joule / deg. mole and A max, Maximum

wave length at which the complex absorbed in nanometer unit.




3.6 Biological Activity of the azo dyes: -

When the compound is synthesized. It was processed for an invitro
anti-bacterial activity determination. Meantime, its observable minimum
inhibitory conc(MIC)was determined. Table (3.17-3.18) in comparison to
effect of chloramphenical, Gentamicin, Ampicilln and Tobramycin effect
against standard, sensitive strains of E.coli, Stap. aureus and Ps.aeroginosa
Table (3.16)

Inhibition zone of some well known antibiotic compounds using Kirby-

Bauer method.

Antibiotic Disc potency | Zone diameter of inhibition (mm)

E.coli | Stap .aureus | Ps. aeroginosa
Ampicilln 10 £ 16-22 27-35 | e
Chloramphenicol | 30 g 2127 119-26 | oo
Gentamicin 10 149 19-26 | 19-27 16-21
Tobramycin 10 19 18-26 | 19-29 19-25

Table (3-12) shows the zone diameter of inhibition of growth with tested
organisms E.coli, Stap. aureus and Ps. aergenosa, towards the ligands and
their complexes with Zn(II).

Stap. aureus was found invitro sensitive to these azo dyes derivatives
Azo —Zn 1I, combinations reduced such activity or stopping it. Thus
antagonistic effect may be expectable and suggested. E.coli and Ps.
aergenosa were found as invitro resistance to these azo dyes and azo
derivatives. Thus, such compounds are invitro effective against Stap.

aureus.



Table (3-13): Thermodynamic stability constants and thermodynamic
parameters for the formation of Zn (I1) chelates of substituted azo dyes

at(25+ 0.1 C°% 1 =0.1 M KNOzand 30%(v/v) 1,4 dioxane — water) .

Azo dye N Log K AG® | AH° AS® | AHe | AHc
no. max L (cve) | (-ve) | (+ve) | (+ve) | (-ve)
1 510° 668 | 381 | 9.2 97 10.0 | 19.2
2 508" 6.60 | 37.7 | 3.7 114 11.4 | 151
3 518° 694 | 39.6 | 05 131 12.7 | 132
4 505" 723 | 413 | -0.8 141 135 | 127
5 493° 743 | 424 | 114 104 10.6 | 22.0
6 512° 772 | 441 | 3.0 138 133 | 16.3
7 508° 650 | 37.1 | 4.9 108 10.9 | 15.8
8 498° 736 | 420 | 55 122 12.0 | 175
9 520° 692 | 395 | 6.3 111 111 | 17.4
10 505" 718 | 410 | 11 134 13.0 | 141
11 501° 6.88 | 393 | 1.2 128 125 | 137
12 506 6.49 | 370 | 55 106 10.7 | 16.2
13 493 727 | 415 | 05 138 133 | 138
14 505 780 | 445 | 56 130 12.6 | 18.2
15 517 693 | 396 | 3.6 121 119 | 155
16 510 6.78 | 38.7 | 23.1 52 6.5 29.6
17 527 7.05 | 40.2 | 25.2 50 6.3 31.5
18 520° 6.76 | 38.6 | 23.3 51 5.4 29.7
19 518° 655 | 374 | 21.8 52 6.5 28.3
20 - - - - - - -
21 - - - - -
22 - - - - -
23 490 3.74 | 214 | 141 24 4.3 18.4
Values of AG®°and AH®in kJ / mole, AS®in Joule / deg. mole and A max, Maximum

wave length at which the complex absorbed in nanometer unit .




Table (3-14 ): Thermodynamic stability constants and thermodynamic
parameters for the formation of Cu (I1) chelates of substituted azo dyes

at(25+ 0.1 C°% 1 =0.1 M KNOsand 30%(v/v) 1,4 dioxane — water) .

Azo dye N Log K AG® | AH° AS° AHe | AHc
no. max "L (ve) | (-ve) | (+ve) | (+ve) | (-ve)
1 482° 8.20 | 46.8 | 171 100 10.3 27.4
2 478P 8.15 | 465 | 11.9 116 11.5 23.4
3 486° 8.32 | 475 7.2 135 13.0 20.2
4 468° 847 | 484 | 122 121 11.9 24.1
5 469° 7.75 442 | 12.6 106 10.7 23.3
6 480° 8.18 | 46.7 | 3.8 144 13.8 17.6
7 485° 8.05 | 46.0 | 125 112 11.2 23.7
8 467° 8.67 | 495 | 137 120 11.9 25.6
9 493° 8.26 | 47.2 6.2 138 13.3 19.5
10 486° 8.53 | 48.7 9.6 131 12.7 22.3
11 482° 831 | 474 | 11.9 119 11.8 23.7
12 485° 8.12 46.4 | 14.0 109 11.0 25.0
13 466° 8.63 | 493 | 142 118 11.7 25.9
14 470° 8.28 | 473 | 195 03 9.7 20.2
15 488° 8.20 | 46.8 | 6.80 134 13.0 19.8
16 472° 8.90 50.8 | 38.8 40 5.5 44.3
17 477° 9.27 529 | 37.1 53 6.6 43.7
18 480° 9.16 | 52.3 | 30.9 72 8.1 39.0
19 480 8.84 | 50.5 | 38.4 41 5.6 44.0
20 538 654 | 37.3 | 321 17 3.7 35.8
21 550 6.69 38.2 | 29.8 28 4.6 34.4
22 549 6.83 39.0 | 25.9 44 5.8 31.7
23 523 7.03 | 40.1 | 345 19 3.9 38.4

Values of AG®°and AH®in kJ / mole, AS®in Joule / deg. mole and A max, Maximum
wave length at which the complex absorbed in nanometer unit .




This investigation, using 15mg of each was impregnated on a disc,
at physiological pH(7) and room temperature, shows that most of
benzoimidazole, triazole and many benzothiozole derivatives have no
antimicrobial activity, but there are some azo dyes, as indicated in Table
(3-17) that behave to be active against one or more of the bacterial species
tested. Different compounds have different anti-microbial activity, for this
phenomena TableS (3-17-3-18) assigned that the compounds sample no. 1-
4, 10-12, 22, 30-33 showed more bactericidal activity whereas others did
not. Moreover, the activity of each compound showed a different pattern
upon the tested organisms. This might be due to the change in the genetic
properties of the living cells, E. coli was regarded as the most susceptible
type of the three kinds of the tested organisms, where as the sample
compounds showed previous degrees of sensitivity towards Staph. aureus
and Ps. Aerogenosa. Most azo dyes and their complexes with Zn (II)
showed a high affinity to gram +ve bacteria where as less extended against
gram —ve (Ps. aerogenosa) except sample no.1. Samples 1-3, 10-12, 18 and
27-33 showed a remarkable inhibition zone diameters indicating a high

activity in controlling the growth Fig. ( 3.27-3.33).



Table (3-15): Thermodynamic stability constants and thermodynamic
parameters for the formation of Ni (1) chelates of substituted azo dyes

at(25+ 0.1 C°% 1 =0.1 M KNOsand 30%(v/v) 1,4 dioxane — water) .

Azo dye N Log K AG® | AH° AS° AHe | AHc
no. max L (ve) | (-ve) | (+ve) | (+ve) | (-ve)
1 465° 778 | 444 | 59 129 12.6 18.5
2 465° 770 | 440 | 127 105 10.7 23.4
3 475° 7.85 44.8 6.6 128 12.5 19.1
4 470° 780 | 445 | 44 134 13.0 17.4
5 457° 783 | 447 | 14.9 100 10.3 25.2
6 468° 769 | 439 | 27 138 13.3 16.0
7 465° 7.73 | 441 5.6 129 12.6 18.2
8 457° 8.02 | 458 | 13.8 107 10.8 24.6
9 475° 777 | 444 | 73 124 12.2 19.5
10 473° 792 | 452 | 7.2 127 12.4 19.6
11 469° 775 | 442 | 0.2 148 14.1 14.3
12 463° 7.70 | 44.0 1.9 141 13.5 15.4
13 456° 790 | 451 | 7.3 127 12.4 19.7
14 472° 776 | 443 | 6.0 128 12.5 18.5
15 474° 787 | 449 | 104 116 115 | 21.9
16 471° 773 | 441 | 336 35 5.1 38.7
17 485° 795 | 454 | 327 43 5.8 38.5
18 787° 7.90 | 451 | 29.9 51 6.4 36.3
19 480° 761 | 434 | 329 35 5.1 38.0
20 493° 598 | 34.1 | 26.2 26 4.4 30.6
21 502 6.11 | 349 | 234 39 5.4 28.8
22 499 6.23 | 356 | 21.2 48 6.2 27.4
23 470 6.21 | 355 | 28.4 24 4.3 32.7

Values of AG®°and AH®in kJ / mole, AS®in Joule / deg. mole and A max, Maximum
wave length at which the complex absorbed in nanometer unit .




Fig. (3.27): The antimicrobial activity of sample no. 1, 2, 3, 5 & 6 show the
inhibition of growth of E. coli

Fig. (3.28) The antimicrobial activity of sample no. 8, 9, 12, 15 & 16 show
the inhibition of growth of E. coli



Fig. (3.29) The antimicrobial activity of sample no. 17, 18, 20, 21 & 23 show
the inhibition of growth of E. coli

Fig. (3.30) The antimicrobial activity of sample no. 24, 26, 27, 35 &36 show
the inhibition of growth of E. coli



Table (3-17) Inhibition zone of azo dyes and some of their derivatives
(disk potency 14-15 Mg for each)

A/Compound E.coli Stap.aureus | Ps.aeruginosa
BTZ1 6 22 10
BTZ2 6 23 6
BTZ3 6 28 0

BTZ11 0 15 0
BTZ12 5 14 0
B1Z18 0 22 0
TZ20 0 18 0
TZ21 0 19 0
TZ22 0 24 0

Table (3-18) Inhibition zone of azo dyes and their complexes with Zn (1)
(disk potency 14-15 Mg for each)

Ligand and ZnlI Stap.aureus
1- BTZ1 22
BTZ1+Zn 0
2- BTZ2 23
BTZ2+Zn 0
3- BTZ3 28
BTZ3+Zn 0
4- TZ20 18
TZ+Zn 13
5- Tz21 19
TZ21+Zn 12
6- TZ22 17
TZ22+Zn 5
7-  TZ23 24
TZ23+ZN 6




Fig. (3.31) The antimicrobial activity of sample no.1, 2, 3, 11 &12 show the
inhibition of growth of Stap. aureus

Fig. (3.32) The antimicrobial activity of sample no.22, 28, 29, 30 &31 show
the inhibition of growth of Stap. aureus



Fig. (3.33) The antimicrobial activity of sample no.1, 2 show the inhibition
of growth of PS. aerogenosa



Fig. (3.27). The antimicrobial activity of sample no, 1, 2, 3, 5 & 6 show the
inhibition of growth of E. coli

Fig. (3.28) The antimicrobial activity of samplc no. 8. 9, 12, 15 & 16 show
the inhibition of growth of £ eoli
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Fig. (3.29) The antimicrobial activity of sample no. 17, 18, 20, 21 & 23 show
the inhibition of growth of £ coli

Fig. (3.30) The antimicrobial activity of sample no, 24, 26, 27, 35 &36 show
the inhibition of growth of £. coli
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Fig. (3.31) The antimicrobial activity of sample no.1, 2, 3, 11 &12 show the
inhibition of growth of Stap. aurens

Fig. (3.32) The antimicrobial activity of sample no.22, 28_ 29, 30 &3] show
the inhibition of growth of Stap. awrcus
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Fig. (3.33) The antimicrobial activity of sample no. 1, 2 show the inhibition
of growth of Fs. gerogenosa
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3.7 Conclusions:
The comparison between the three series of azo dyes, showed that
the preparation of BTZ seems to be easier than those azo dyes of BIZ

and TZ derivatives.

BTZ azo dyes are more acidic than BIZ compounds i.e pK,, and
pK,, has lower values. While TZ ionization constants is equivalent to
BTZ which might due to the presence of conjugation, the basicity of

hydroxyl, azo group and a availability of electron around the donating

groups, in addition to the presence of intramolecular hydrogen bonding.

Amax Shifts to the red region in the presence of electron donating
group and to the blue shift in the case of with drawing group in the
benzene ring of phenol while the substitution in the heterocyclic group

show low extend.

4-Stability constants (logK,, ) of BIZ — complexes has higher values than

the analogous BTZ while TZ-complexes seems the lowest (logK,,)

which might due to the basicity and the steriochemistry of ligands under

consideration.

5-Decreasing of the ability of BTZ azo dyes compared with TAR to form
complexes, so BIZ complexes comparing with PAR might due to

basicity of ligands in addition to intramolecular hydrogen bonding.



6-The data in the work (i.e logK,, and pK,) satisfied the linear

relationship mainly:- logK,, = a pKs; + . While some are not obey.

The slope mostly less than unity, which explained due to the n-donation

properties of metal ions under investigation.

7-BTZ azo dyes seem to react with metal ion as a tridentate
ligand, bonded through the nitrogen atom of thiozole, the
enolate nitrogen of azo group nearest to phenolic ring and
oxygen of phenol group. In the same way BIZ and TZ azo

dyes participated.

8-Thermodynamic parameters (AG®, AH® and AS") referred that the
reaction between ligands and metal ions, seems to be spontaneous
nature, exothermic process and confirmed that the reaction formation

were entropically favorable.

9-Entropy changes for BTZ-complexes seems to be more positive values
than BIZ and TZ complexes, the highly value of (AS®) might due to the

teutomerizem phenomena of BTZ during the reaction process.

10-The biological activities, in vitro showed that some of azo dyes were

antibictirial agent against E. coli, St . aureus and Ps. aerogenosa, the

results indicated that azo dyes were more effective against gram + ve

bacteria and less extended to Ps. aerogenosa.



3.8 Further Scope: -

In the present investigation, a series of azo dyes were prepared and
studied in a mixed solvent. It would be of interest to extend this work to
study the effects of mole fraction of organic solvent on the ionization
constants of these reagents and their reflection on the thermodynamic
values of their complexes. Eight metal ions were chosen here one can
extend it for other metal ions. Attempts should be made to synthesize
various metal complexes in the solid state and study their structures, form
and physical properties using different techniques available. It is desirable
to confirm some of the structures by x — ray crystallography. In view of the
reported applications of the azo dyes and their complexes a biological
activity, analytical purposes, catalysis, organic synthesis and industrial

applications.
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Azo-dvye (1).
N%r\u4</_u
GH s

2.Hydroxy-5-odo-3-{6-methy -bensothiazol-2-Ylazo)-benzoic acid

CsH 1N O35

Exact Mass: 438.95

Aol Wi 439.23

4102 H, 2.29; 1, 28.89: N, 9.57; O, 10.93; 5, 730

HO CHs

L&)

N

AN

Azo-dye (2).

KO G

\\N4</
OH E
o

2-Hydroay-5-Cvano-3-{6-methyl-benzothinzol-2-Y]uzo |-benzoic acid
CioH N, 048
Exact Mass: 338.05
Mol Wit.: 338.34
C, 36,80 H, 2.958; N, 16.56; O, 14.1%9; 5, 9.438

Azo-dve (3).

HO CH;

N N
'
CH 5
o
2-Hvdroxy-5-hromo-3-(6-methy -benzothiazol-2-Ylazo)-benzoic acid

C|5I.‘.[|UBI'H_1035

Exact Mass: 390,96

Mol. Wit.: 392.23

C,45.93; H, 2.57; Br, 20.37; N, ID.7E; (O, 12.24; 5, 5.18
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Azo-dye (4).
N N
N /<
OH =

2-Hydroxy-5-chloro3-(6-methyl-benzothiarol-2-Yiazo)-benzoie acid

C5H 3 CIN;O,5
Fxaet Mass: 347.01
Mol Wt.: 34778

C, 51.80; H, 2.90; CJ, 10.19; N, 12.08; O, 13.80; §,9.22
H.C

M N
Azo-dye (5). N\ /<
OH 3

HO

i CH;

(o]

CH,
o

2-Hydruny -S-methyl-3-{6-methy I-henzothiazol-2-3 lazo)-benzaic aeid

CaH3N0 5%
Exact Mass: 327.07
Mol Wi 327.36
C, S8.70: H, 1.00: N, 12.84; O, 14.66; 5, 9.50
a

Azo-dye (6). oH

O
2 SJ\H"}{,N

2-Hydroxy-S-indo-3-(6-nitro-benzothiazol-2- Ylazo)-benzoic acid

1IN 05
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Mol Wt.: 470,20
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