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Abstract

This study encompasses the synthesis and characterization of a novel
reagent, namely Ethyl4-(5-acetyl-2,3,4-trihydroxyphenyl) diazenylbenzoate
(EATDB). The reagent was synthesized through azo coupling of the imidazole
derivative with the diazonium salt of ethyl 4-aminobenzoate (benzocaine). The
ensuing compound was subject to extensive analysis, employing sophisticated
methods such as gas chromatography-mass spectrometry (G.C. mass), UV-Vis
analysis, "HNMR, ®*CNMR, and FT.IR spectroscopy.

Notably, the optimal conditions for the reaction between the two ions (Co(ll)
and Cr (Ill) ions ) and the reagent were thoroughly explored. This entailed
examining the effect of acidity function, addition sequence, stability duration of
the complexes, ligand concentration, temperature influence, and ionic strength
impact. The calibration curves for Cobalt (II) and Chromium (lll) ions were
constracted with concentration range from (1-100 pg.mL™) for both of ions. The
Analytical parameters obtained are linearity coefficient (R?)0.9980 and
0.9939,molar opsorpitivity 0.212x10° L.mole,cm™and 0.935x10° L.mole.cm™
and Sandall's sensitivity 0.278 g.cm™ and 0.556 g.cm™ for Cobalt (Il) and
Chromium (Il) ions respectively. To ascertain the equivalency of the
complexes, various methods including the Mole ratio method, Job’s method,
and Mollard method were utilized. The stability constants (Ky,) for the cobalt
(1) and chromium (1) complexes were found to be 5.967x10° and
1.125%10™L.mol™ respectively. Moreover, the thermodynamic functions (AH,
AG, and AS) for both complexes indicated that the reactions Co (II) and Cr (III)
complexes were exothermic. Nevertheless, the study noted that there is
interference from several cations and anions during the estimation of Cobalt (1)
and chromium (l1I) ions. Consequently, the addition of appropriate masking
agents was explored, taking into account the varying degrees of interaction

depending on the nature and concentration of interfering ions. Impressively, the



analysis of the dissolved complexes indicated that both Cobalt (1I) and
chromium (I11) complexes were uncharged due to the measurement at
conductivity.

The precision and accuracy of the analytical method were meticulously
evaluated by subjecting it to three distinct ion concentrations, and subsequently
computing the relative standard deviation (RSD %) as a measure of variability.
Obtained data showcased excellent precision, with RSD% ranging from(
0.479% - 0.874%) for Co (II) and from (0.742% - 0.896%) for Cr (llI).
Moreover, the relative recovery ranged from 98.43% - 101.764% for Co (I1) and
from 99.41% - 101.470% for Cr (I11).The Limit of Quantification L.O.Q was
crucial for determining method's sensitivity alongside with Limit of Detection
L.O.D. For Cobalt (1) ion, the L.O.D and L.O.Q were found to be
0.7410pg.mL", and 2.4120 pg.mL™ respectively, while for Chromium (lIl) ion
are 0.8640 and 2.8510 pg.mL™ respectively. Additionally, the reagent and the
two complexes were investigated for their settling properties and physical
characteristics, including melting point and molar conductivity. This analytical
method proved effectively in quantifying cobalt (I1) and chromium (I11) ions
present in a pharmaceutical sample, highlighting its utility in sensitive and

accurate ion analysis.
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Chapter One Introduction

1.1 Organic Reagent

Organic reagents, characterized by their high molecular weights, often
exhibit limited water solubility attributed to the presence of covalent bonds.
These compounds offer numerous advantages, leading to their widespread
utilization across various domains such as medicine, technology, and science.
Notably, their exceptional sensitivity and the vivid hues displayed by their
complexes when coordinated with elements from the periodic table have

rendered them invaluable in numerous applications [1].

In the field of analytical chemistry, for instance, their solubility in organic
solvents enables extraction operations [2—4]. Furthermore, these reagents have
been effectively employed in quantitative and qualitative assessments of trace
metal ion concentrations, employing diverse models and employing a range of
techniques [5-6]. An example of such organic reagents extensively employed is
the extensively utilized class of azo compounds commonly referred to as azo

dye
1.2 Azo Dyes.

The inception of azo compounds can be traced back to 1858 when the
scientist Peter Griss made their discovery. Termed as diazo compounds, Griss
postulated that these compounds resulted from the replacement of two hydrogen
atoms in the benzene ring by two nitrogen atoms. Subsequently, it was observed
that a significant number of aromatic amines could be converted into their
respective diazo compounds. In 1883, Curtins achieved the first synthesis of
diazo compounds, albeit their inherent instability and rapid dissociation into
nitrogen and hydrocarbons limited their prevalence when compared to aromatic
azo compounds [7].

On the other hand, the quantity of azo groups in a molecule allows for the

classification of azo dyes [8]. This classification encompasses mono-azo, di-
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azo, triple-azo, and higher order azo compounds. Furthermore, azo dyes can
also be categorized based on the nature of the oxochrome groups incorporated
within them. Acid dyes encompass acidic functional groups (-OH, -SO3H, -
COOH), whereas basic dyes contain basic groups such as dialkylamino,
alkylamino [9], or amino groups, attached to the rings at both ends of the azo
bridge [10].

The historical timeline of dyeing can be delineated into two significant periods
the "pre-aniline” period, encompassing the era leading up to 1856, and the
subsequent "post-aniline™ era. During the pre-aniline epoch, the chromatic
repertoire was relatively constrained, predominantly reliant on dyes derived
from dye-producing flora and fauna. Noteworthy among the vegetal dyes were
those extracted from madder roots, prevalent in both Asian and European
regions, yielding a vivid crimson hue. Additionally, Indian native indigo plant
leaves provided a vivid blue pigment that is being used today. Widely employed
in the fabrication of denim garments .Azo compounds are characterized by the
presence of the -\N=N- functional group in their molecular structure, denoted as
R:-N=N-R,. When the R groups in azo compounds are aromatic (arene) rings,
the resulting structures exhibit enhanced stability compared to those with alkyl
groups. This stability arises from the involvement of (-N=N-) group in a wide-
ranging, scattered systems that includes the ring of aromatics. The aromatic azo
compounds display intense coloration, making them valuable as dyes in various
applications. The formation of aromatic azo compounds occurs through a
coupling reaction involving the combination of a diazonium salt and a coupling
agent [11-12].
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1.3 Properties of azo compounds

Azo compounds and their derivatives are commonly employed as reagents
due to their notable features, including high stability, rapid interaction with
metal ions, as well as remarkable sensitivity and selectivity [13]. The stability of
these compounds is influenced by the nature of the groups attached to both ends
of the aliphatic or aromatic azo group, with the nitrogen within the bridge azo
group (-N=N-) playing a crucial role. Furthermore, azo compounds exhibit
heterocyclic properties, and many of their derivatives demonstrate insolubility
in water but dissolve readily in organic solvents such as chloroform, benzene,

carbon tetrachloride, and others [14].

Moreover, they exhibit exceptional stability and swift interaction with a wide
array of elements from the periodic table, particularly transitional and
representative ions [15-16]. These compounds offer several advantages,
including their characteristic vivid colors, displaying high intensity [17]. The
color range of azo compounds varies from yellow to blue, depending on the
successive () system present within the molecule. Additionally, they possess
high molecular weights and elevated melting points, making them valuable

across various branches of chemistry.
1.4 Diazonium Salts

Diazonium salts can be formed by the reaction of both aliphatic and aromatic
primary amines with nitric (I11) acid, also known as nitrous acid (HNO,). This

reaction takes place at temperatures ranging from (0-5) °C.

Nitric (I11) acid is often produced in-situ during the reaction because of its
inherent instability. This is frequently accomplished via the interaction of
diluted hydrochloric acid or sulfuric (V1) acid with NaNO,. [18].

RNH, + NaNO, + 2HCI ——— RN"ON:CI" + 2NaCl + 2H,0
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phNH; + NaNO, +2HCI — ph-N+ON:ClI- + 2NaCl + 2H20

The clear, inert nitrogen gas is usually released when alkyl diazonium salts
break down, which makes them extremely flammable. As compared to their
aliphatic counterparts, the diazonium cations of aromatic diazonium salt are

more stable. Phenylamine can be used to produce the ion of diazonium benzene.
C6H5 - NH2 + HN02 + H+ —>C6H5 - N+ON: + 2H20

Salts of benzene diazonium, although they can be obtained in a solid state,
are generally stored in a liquid form and used immediately because they have a
propensity to break down, even in low temperatures, when left standing. These
salts are extremely flammable when they are solid, and a small amount of
pressure or temperature increase is all it takes to ignite them. The diagram

below illustrates the molecular structure of benzene diazonium chloride.

-+

\ / N—/—N (_]1

Figure (1.1): structural representation of benzene diazonium chloride

Because of the diazo group is a part of the conjugated system together with
the benzene ring, the benzene diazonium cation is thought to be more stable
than the alkyl diazonium cation. As a result, there is a change in how the

positive charge is distributed across the ring. [19].
M M- M- M
Irldl + n nt Mt

Figure (1.2): Positive charge distribution around the ring
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1.5 Azo Dyes preparation

The production of azo dyes involves two steps: An aqueous solution of
sodium nitrite and acid is used at low temperatures (0-5 °C) to diazotize the
basic aromatic amine with sodium nitrite in an acidic mineral media (HCI,
H,SO,, etc.). The chemical formulas below demonstrate that a temperature of
degrees Celsius is required to produce the readily soluble salts in water known

as diazonium salts.

o

0-5°C
HCl + NaNO, —— HONO + NaCl

]

0-5°C
R —-NH, + HCl+ NaNO, — RN2Cl —— N, + Mixture

0-5°C
Ar — NH, + HCl+ NaNO, — Ar — N = N*Cl™ + NaCl + 2H,0

Diazotization Coupling reaction Ar—H

Ar — NH, —> Ar — N, Ar— N =N —Ar~

The next step was the combination stage (formation of azo dyes), where the
aromatic diazonium ion was combined with reactive aromatic compounds under
basic conditions to cause the dyes salt to release hydrochloric acid, which is a
reactive hydrogen element in another aromatic compound (phenols and
amines).[20]

1.6 Coupling reaction of azo compound

In a diazo coupling reaction, another aromatic molecule known as the
coupling agent reacts with the diazonium salt. The diazonium salt reacts with
the coupling agent's electron-rich benzene ring because it behaves as an
electrophile. A colorful solid of an azo compound is produced when the
diazonium salt is dissolved in a very cold solution and added to a solution that
also contains a coupling agent. It is important to note that several of these azo

compounds have vibrant hues and are widely used as colorants.
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The coupling agent normally reacts at either the two or four locations of its
benzene ring during the coupling process, with a functional group occupying
one of the positions. The precise coupling agent utilized in the reaction with the
diazonium salt determines the exact hue of the resultant product. The choice of
coupling agent determines the chromophoric properties and thus the color of the

azo compound formed [21].
1.7.1. Coupling with Phenols

Reaction of diazonium salt with phenol compound leads to the formation of a
yellow or orange azo compound. The specific color observed may vary

depending on the exact structure of the phenol used in the reaction.

Figure 1-3 Diazonium reaction with phenols

On the other hand, when an alkaline solution of naphthalein-2-ol is employed as
the coupling agent, a red azo compound is formed. The alkaline conditions
facilitate the coupling reaction between the diazonium salt and naphthalein-2-ol,
resulting in the formation of a distinctive red-colored azo compound.

OH
HO

‘- +
@NENCI + O e O il

Figure (1.4): Coupling reaction of diazonium salt and naphthalein-2-ol
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It is worth noting that the choice of coupling agent in diazo coupling
reactions plays a crucial role in determining the color of the resulting azo
compound, allowing for a wide range of colors to be obtained for various

applications, including dyes and pigments.[22]
1.7.2. Coupling with Amines

When arylamines are reacted with diazonium salts, it often results in the

formation of a yellow dye.

*NeN Cl- + NH; 2 +HCl

Figure (1.5): Arylamines reaction with diazonium salt

This reaction, known as coupling, involves the combination of the diazonium
salt with the arylamine, leading to the formation of azo compounds. Azo

compounds contain the characteristic azo group (-N=N-).

The coupling reaction can be performed with various diazonium salts, giving
rise to a wide range of azo compounds with different colors. For instance, when
a phenol compound is used as an electrophile, it reacts with the coupling agent
to form benzene diazonium chloride.an alkaline solution, resulting in the
formation of a yellow azo dye. Similarly, coupling of a diazonium salt with

naphthalen-2-ol leads to the formation of a bright red precipitate.

These azo compounds exhibit vibrant colors and find applications as dyes and
pigments in various industries. The specific color obtained depends on the
combination of the diazonium salt and the coupling agent used in the reaction
[23-25].
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o
g

Yellow bright red

chromophore

Figure (1.6):The product formed from Coupling reaction of diazonium salt.

Although the yellow and red azo dyes formed through the coupling reactions
described earlier may have limited practical utility due to their low solubility in
water, there is a class of azo dyes that overcomes this limitation. These dyes are
modified by the introduction of one or more sulphonic acid groups, resulting in
improved solubility in water. The presence of sulphonic acid groups makes
these azo dyes highly soluble and significantly enhances their commercial value

in the dyestuffs industry.

The introduction of sulphonic acid groups into azo dyes enhances their
water solubility by increasing their polarity and promoting ionization in aqueous
solutions. This increased solubility allows for easier application and
incorporation of these dyes into various dyeing processes. Consequently, azo
dyes with sulphonic acid groups have gained considerable importance and are
extensively used in the dyestuffs industry for a wide range of applications [26—
29].

Azo compounds display a unique characteristic called a chromophore, in
which the (-N=N-) group is a component a long-range delocalized electron

system of an extended delocalized electron system that includes aromatic ring

8
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structures. In these delocalized systems, the discrete molecular electronic
energy levels are closely packed, resulting in the absorption of the visible
portion of the electromagnetic spectrum emits light (referred to as the energy
gap or DE). When electrons go from lower to higher energy levels, there is an
absorption that occurs. Consequently, azo compounds exhibit colors that
correspond to the wavelengths of visible light that are not absorbed. To
additionally alter the hues of azo compounds, functional groups like -OH and -
NH, are frequently connected to the chromophores. These functional groups
also integrate into the expanded delocalized electron system, leading to
alterations in the energy gaps and subsequently impacting the colors displayed

by the molecules.

When azo dyes are applied to fabrics, they exhibit various binding
mechanisms depending on the type of fabric. For cotton, numerous azo
pigments are insoluble and get stuck within the fibers. Others, referred to as
primary pigments, attach to the fibers through interactions. Like intermolecular
dipole-induced dipole bonding and hydrogen bonds. Due to the relatively weak
nature of intermolecular bonding compared to covalent bonding, direct dyes
must possess elongated and linear structures. This allows the dye molecules to
align closely with the cellulose fibers of cotton, thereby maximizing
intermolecular attractions. [30] As an example, the structure of Direct Blue , a

representative azo dye, is provided below: Fig 1-7 . [31-32].

i.‘rH3 0 IZIIIH3

NH OH OH NH

Nt Tos N=N H=N 50, Nat
S0 Na 50 Na
3 3
Figure (1.7): Direct blue structure

9
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1.8 Classification of azo compound

Azo compounds are categorized based on the nature of the attached
oxochrome groups. When the groups present are acidic in nature, such as
hydroxyl (OH), sulfonic acid (SOs;H), or carboxyl (COOH), they are referred to
as acidic azo dyes. Conversely, if the attached groups are basic, such as
dialkylamino (NR;) or amino (NH,), they are known as basic azo dyes.
Furthermore, azo compounds can also be classified depending on how many azo
groups there are within the molecule, leading to designations such as monoazo,
diazo, triazo, or polyazo compounds. Additionally, bridge azo compounds

represent another classification within the realm of azo compounds [33].
1.8.1 Homocyclic azo compounds

This category encompasses azo compounds whose aromatic rings lack
heterocyclic atoms and may or may not bear substituents, as exemplified by
azobenzene. However, the effectiveness of this type is limited due to the
absence of additional binding sites. In such cases, the nitrogen atom within the
azo bridge group serves as the sole site available for bonding with metal ions,
whether they are transitional or representative elements [34]. The rings
themselves can be substituted with acidic or basic groups, such as hydroxyl
(OH), sulfhydryl (SH), carboxyl (CO,H), amino (NH,), or dialky amino (-NR5),
among others. Furthermore, it is possible for a single ring to contain both acidic
and basic groups [35]. The presented below are some formulas depicting

homocyclic azo compounds:

10
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Figure (1.8): (a) 2-hydroxy-2-carboxy-5-methylazobenzene, (b) 2, 2-dihydroxy-

dibenzene azo

Homocyclic azo compounds are less common and important than

heterocyclic azo compounds.
1.8.2 Heterocyclic azo compounds

These compounds represent relatively recent reagents that have found
extensive utility in the realm of chemical analysis. They are characterized by the
presence of heterocyclic aromatic rings situated on one or both sides of the
bridge azo group. These aromatic rings may incorporate a donor atom or atoms,
such as nitrogen (N), sulfur (S), or oxygen (O). Moreover, the aromatic rings
themselves can be substituted with various acidic or basic groups. It is also
possible for a single aromatic ring to feature one or more of the aforementioned
groups,In some cases, both acidic and basic groups may coexist within the same

ring [36]. Here are some examples showcasing this particular compound type.

OCH3

Ph—'/

[ e

N
Ph—

2-((3-methoxyphenyl)diazenyl)-4.5-diphenyl-1//-imidazole

Figure (1.9): 2-(3-Methoxyphenyldiazonyl)-4, 5-diphenyl -1H-imidazole

11
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This type of reagents is characterized by high stability within a wide range of
pH, as well as its possession of varying solubility in different solvents, and it is

insoluble in water, but dissolves in some organic solvents
1.8.3. Azo compound classification based on the amount of azo groups

Azo compounds can be categorized into different classes based on the

number of azo groups present within the molecule.
1.8.3.1 Mono azo compound.

These compounds are referred to as monoazo compounds, characterized by the
presence of two aryl groups connected to each other by the (-N=N-) group, as

exemplified in the following compound [37]:

—N -
A
s N=N

L. \ / cl

CH,
5-Methyl-2-(4-Chloro benzenazo) imidazole

Figure (1.10): The monoazo compound
1.8.3.2 Bis azo compounds.

These compounds possess two azo groups interconnected through azo
bridges (-N=N-). Substituted azo compounds are further classified into aromatic
ring systems attached to both ends of the azo linkage. They can be categorized
as monosubstituted or disubstituted compounds, depending on the presence of
one or more substituent groups in the ortho position with respect to this linkage
and the presence of additional ring systems such as naphthalene and benzene
linked to the azo group. The provided below is a general formula representing
these compounds [38].

12
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~ O O =

Figure (1.11): Bis azo compound.
1.9 Imidazole and its ligands, azo imidazole.

Imidazole is a soluble crystalline solid that dissolves in water and has a
melting temperature of 90°C. [39]. It was initially synthesized in 1855 through
the reaction of clioxal with ammonia, resulting in the isolation of a new
compound known as clioxalin. However, the term clioxalin is no longer in use,
and the preferred name for the compound is imidazole. The term "imidazole"
refers to the five-membered heterocyclic ring containing an imino group and a
secondary nitrogen atom. The structure below illustrates the numbering scheme

for the imidazole ring [40].

5 HC H 2

4 HC

A
]

Figure (1.12): Numbering scheme for an imidazole ring

3

Sites 2 and 4 in the imidazole ring are the active sites where electrophilic
attacks take place. Specifically, diazonium salt couples with site No. 2 in a
weakly basic solution, resulting in the formation of vibrant red dyes. In a weak
alkaline medium, a range of azo-imidazole ligands were synthesized by adding
diazonium salt to an alcoholic solution of imidazole. Furthermore, numerous
substituted azo-imidazole ligands were prepared at positions 4 and 5 [41]. The
general formula for these ligands can be expressed as the following:

13
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Where: R=ph, COOH, Et R'=X' R"=H,Me,CH,C¢H
Figure (1.13). The general formula of ligands.

In addition to coupling diazonium salts with imidazole or its derivatives,
researchers have also synthesized organic ligands containing heterocyclic rings
such as pyridine and quinoline, which are linked to the imidazole ring through
the azo bridge group [42]. However, compared to other types of ligands, azo-
imidazole ligands and their derivatives have received relatively less research
and investigation in the field of analytical chemistry. This may be due to the
limited availability and exploration of this type of ligands, despite the long-

standing knowledge of imidazole for over 150 years.

Furthermore, it has been discovered that the imidazole ring has significant
implications in the treatment of many tumors [43] when incorporated into the
composition of medical preparations and drugs. This highlights the potential

therapeutic applications of imidazole and its derivatives in the field of medicine.

Some interesting studies indicate the possibility of using imidazole compounds
and their complexes in different techniques in addition to their known uses as

chromogenic reagents. [44]
1.9.1. Imidazole and Pyrimidyl Azo Compounds

In this type of reagents, the nitrogen atom represents the atom (A). There are
two heterocyclic atoms in the heterocyclic ring, which can be either pentagonal,
known as azo-imidazole compounds, or hexagonal, known as primidyl-azo
compounds. An example of the azo-imidazole compound is 1-alkyl-2-(aryl azo)

Imidazole (RaaiR'), while an example of the primidyl-azo compound is 2-(aryl

14
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azo)-pyrimidine (R-aa Pm). These compounds have specific formulas [45] and

[43].

(RaaiR") R=FH.Me
R'—Me. Et

(R-aapm) R=H.Me.Cl.OMe.NO,

Z—1%

Z

Figure (1.14): primidyl-azo compound

Primidyl azo reagents, although less commonly used compared to predyl azo
and imidazole azo reagents, offer distinct advantages. while they may be
expensive and require specific conditions for preparation, numerous studies
have demonstrated their superiority in terms of sensitivity and selectivity
towards metal ions [46] They have found multiple applications as effective
indicators in various analytical techniques. A notable advantage of primidyl azo
reagents is their high solubility in water, which eliminates the need for
additional organic solvents during purification processes. Additionally, they
exhibit sharp end points and clear color changes, indicating precise and easily
detectable reactions. The stability of their metallic complexes can be attributed

to the resonance structures present in their molecular formulas.

Shibata and his research team discovered that these reagents, similar to other
azo dyes, are sensitive to the acidity of the solution [47]. The colors, maximum
wavelengths, and molar absorption coefficients of these reagents undergo
changes depending on the pH of the solution. Thus, they exhibit an acid-base
equilibrium. Azo-imidazole reagents have been extensively employed in

analytical chemistry, particularly in spectroscopic methods for the

15
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determination of metal ions such as copper (Il) [47], Cadmium (Il) [48], Zinc

(1) [44], as well as monovalent ions like silver (1) and palladium [49].
1.10. Application of azo compounds

Azo compounds have found extensive applications in various fields,
including medicine, science, and technology, yielding significant outcomes in
various aspects of life [46]&[50]. Numerous individual azo compounds have
been utilized in the production of dyes and cosmetics, while those containing an
aryl azo group have found applications in the pharmaceutical industry [51].
Furthermore, this compound type has been harnessed in diverse industrial
sectors. In the domain of analytical chemistry, the characteristic color exhibited
by azo compounds and their complexes with metal ions in both aqueous and
organic solutions has been leveraged in spectral analyses, leading to their
classification as spectral reagents [52]. Heterocyclic azo compounds have
played a significant role in the field of industry. Chromogenic thiazolyl azo
ligands have been widely employed as dye-generating reagents and have found
application in the dyeing of fabrics, polyester, and nylon threads [53]. Azo
compounds have been employed in the study of adsorption [54] and have also
found applications in photography [55].In the medical field, azo compounds
have been utilized for various purposes. Prontosil, the first azo dye, was
employed as an antibacterial agent, marking a notable milestone in the use of

azo compounds for medicinal applications. [23]

e

MNH2

Prontosil

Figure (1.15): Prontosil the first azo dye.

16



Chapter One Introduction

1.11. Heavy Metals

Heavy metals are defined as metallic substances with a density that is high
related to water, with the idea that heaviness and toxicity are associated. Heavy
metals also include metalloids, like arsenic, that can induce toxicity at low doses
of exposure.

The population is at risk from sub-clinical trace element deficiencies, especially
the elderly, those institutionalised and patients with chronic health problems; it
Is particularly common in, and relevant to, critical care and maybe masked by

co-existing disease.
1.11.1. Cobalt (Co)

Cobalt (Co), an element distinguished by its toughness, shiny gray color, and
malleability, shows chemical properties that closely mirror those of nickel (Ni)
and iron (Fe). Cobalt compounds primarily come in the cobaltic (Co*®) and
cobaltous (Co®*) valence states, with the former being more frequently

encountered in industrial and environmental settings [56].

In the natural world, cobalt metal ions are extensively spread as small
amounts, which, in particular amounts, are necessary for typical physiological
operations. These small amounts help in averting dietary insufficiencies,
bolstering immune system operation, controlling gene manifestation, offering

antioxidant protection, and helping in the avoidance of chronic diseases. [57].

One famous biological function of cobalt is its incorporation as a metallic
element in vitamin By,, also referred to as cyanocobalamin. Nevertheless,
overexposure to different cobalt compounds has been linked to toxicity to both
the ecosystem and the human organism. Considering the extensive presence of
cobalt, individuals are frequently subjected to diverse cobalt compounds in their
everyday existence. The overall population undergoes contact through breathing
in of surrounding air, as well as consumption of food and drinking water

containing cobalt substances. Work-related contact with cobalt is also relatively
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frequent, particularly in industries engaged in the manufacturing of paint,

granding, mining, and hard metals.[58].

Additionally, cobalt has been utilized for various medical intentions, though
certain uses have been phased out over the years. [59]. Through both animal and
human toxicity research, Cobalt's risk to health and potential for harm have both
been thoroughly explored. Prior analyses usually focused on specific exposure
scenarios, modes of consumption, toxicological mechanisms, and clinical
outcomes. or the results of cobalt exposure on particular physiological systems

In various exposure scenarios [60-61].

A Presented a thorough examination of cobalt origins, intake pathways,
dynamics, underlying harmful mechanisms, and a crucial assessment of
previously documented negative health impacts. Their research already provides
a thorough numerical exposure and risk evaluation [62-63]. As a result, we want

to give a more thorough and concise explanation of the following categories:

1. Examining the various exposure scenarios historic, and modern sources of Co

(1), and related intake pathways.

2. Examining the tools and techniques for measuring cobalt intake that are
currently accessible and talking about recent developments in the interpretation

of these measurements.

3. Examining the established as effects on overall health associated with cobalt
exposure in humans. It is worth noting that the sole recognized function of
cobalt is its role as the metal component of vitamin Bj,. Consequently, cobalt
deficiency manifests as vitamin By, deficiency [64]
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1.11.2 Cobalt Determination Studies

Introduction

In the following table, different studies and reagents will be discussed.

Method

FAAS

Spectrophotometric

C.P.E

Electro thermal
atomic absorption
spectrometry
(ETAAS) Co 17

Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Reagent

Activated carbon
modified by
dithioxamide
(rubeanic acid) (DTO
5-(2-
benzothiazolylazo)-8-
hydroxyquinolene

1-(2-Pyridylazo)-2-
naphthol (PAN)

1-nitroso-2-naphtol
(IN2N)

Amberlyst A-26

2-[(2-
mercaptophenylimino
) methyl]phenol

2-(2-thiazolylazo)-p-
cresol

3,3"-(1E,1E')-
(propane-1,2-
diylbis(azan-1-yl-1-
ylidene)bis(methan-1-
yl-1-ylidene)bis(4-
bromophenol)

19

Result of
RSD%

>2%

1.37%

>5%

3.4%

2.9%

1.2%

5%

1.8%

Table (1.1): Cobalt determination studies

Results of LOD
and LOQ.

LOD=0.80ug/L
LOQ=2.64ug/L

LOD=3.1ng/ml
LOQ=9.1 ng/ml

LOD=0.03ng/mi
LOQ=0.99ng/mi

LOD=3.8ng/L
LOQ=12.54ng/L

LOD=2.0pg/L
LOQ=6.6pg/L

LOD=.21pg/L
LOQ=0.693ug/L

LOD=3.2ug/L
LOQ=9.6ug/L

LOD=0.06ng/ml
LOQ=1.98ng/ml

Ref.

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[62]
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Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

lon-exchange with

microwave
plasmatorch-atom

emission spectrometry
Solid Phase Extraction
with Fibrous2-C 3N

ic

4 Nanocomposites

Coupled with ICP

4-(2pyridy azo)

resorcinol (napar)

1-hexylpyridinium

hexafluorophosphate

Simultaneous

Hydroxy naphthol
blue

Adopting schiff base

complexes

1-nitroso-2-naphthol

2-(5-bromo-2-
pyridylazo)-5-
diethylaminophen
Ethyl4-(5-acetyl-
2,3,4-
trihydroxyphenyl)
diazenylbenzoate
(EATDB

ol

20

3.73%

3.9%

0.98 %

2.36%

1.2%

2.2%

0.00184
%

7.1%
2.4%

0.479%

0.874%

Introduction

LOD=1.28ug/L
LOQ=4.22g/L

LOD=0.12 pg/ml
LOQ= 0.39pg/ml

LOD=3.09ng/mi
LOQ=10.19ng/
ml

LOD=0.70ug/L
LOQ=2.31ug/L

LOD=0.20mg/L
LOQ=0.66mg/L

LOD=0.56 pg/L
LOQ=1.84 ug/L

LOD=0.52 pg/L
LOQ=1.74 pg/L

LOD=1.10pg L™,
LOQ=3.60pg L™

LOD=0.97pg /L
LOQ=3.2ug/L

LOD=0.74pg/mL
LOQ=2.46pug/mL

[63]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

Present
Work
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1.11.3 Chromium (111)

Chromium, a heavy metal present in the environment, occurs naturally in
two predominant forms: trivalent chromium Cr** and hexavalent chromium Cr*®
the reduction of Cr*® to Cr* generates reactive intermediaries involved in the
cytotoxic, genotoxic, and carcinogenic properties of compounds containing Cr*®
Human exposure to chromium primarily occurs through non-occupational
sources, including cigarette smoking, smog from cities, meat, vegetables, and

meat products [80].

Chromium (VI) finds extensive use in various industrial chemicals,
particularly in paints, steel production, wood treatment, alloy cast iron
production (including the production of stainless steel). Contrarily, Cr (1ll) salts
including the functions of chromium polynicotinate, chromium chloride, and
chromium picolinate (Cr P), which are used as dietary supplements, have been
demonstrated to offer significant benefits. Health advantages in both people and
animals [81]. Inhalation, ingestion, and skin contact are the three main ways
that chromium enters the body. The main method of occupational exposure is
inhalation, whereas non-occupational exposure happens when people consume

food and drink that contain chromium.

Notably, regardless of the exposure route, Cr (I11) is poorly absorbed while
Cr (V1) is more easily absorbed. Oral absorption of Cr (VI) is relatively low,
making it less toxic when introduced orally. However, chromium poses
considerable toxicity risks when absorbed both cutaneous and inhalation
pathways, causing lung cancer, rhinitis, nasal ulcers, hypersensitivity responses,
both contact dermatitis and every eaten Cr (V1) is converted to Cr (I11) before it

enters the bloodstream...

The kidneys/urine and the bile/feces are the two main ways that chromium

Is excreted. In contrast to Cr (1), Cr (111) is not transported into cells via
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membrane anionic transporters. Within the cells, Cr(VI) undergoes metabolic
reduction to Cr (I11). With macromolecules, both Cr (lll) and the reductional
intermediate Cr (V1) can coordinate and form covalent bonds. although Cr (VI)
does not directly react with them. These macromolecules consist of lipids,
proteins, DNA, and RNA. The body need chromium, a vital vitamin, in order to
optimize the way insulin uses sugars, proteins, and fats. As a dietary
supplement, Cr P has been used to help diabetics manage their blood sugar
levels. It may also lower cholesterol and blood pressure. Chromium promotes
improved insulin sensitivity by improving insulin's ability to attach to cells,
increasing the number of insulin receptors, and activating insulin receptor
Kinase. [81].

In the metabolism of glucose and the function of insulin, chromium plays a
part. Similar to type Il diabetes, chromium deficiency causes reduced glucose
tolerance, neuropathy, increased plasma fatty acids, and atherosclerosis as
symptoms. Only patients receiving long-term parenteral nourishment have been
known to have chromium deficiencies. Chromium is primarily eliminated
through the kidneys, thus people with kidney disease shouldn't take supplements
of the metal. Chromium toxicity is common in working environments,
especially among welders, and it causes contact dermatitis. Chromium vapors

can cause lung cancer and other lung illnesses when inhaled. [64].
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1.11.4. Chromium Determination Studies

Method

C.P.E

C.P.E

Dispersive liquid-
liquid
microextraction

(DLLME)
Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Spectrophotometric

Reagent

2-[BenzeneThiazolylA

z0]-4-Benzene
Naphthol)BTABN.
4-(2-thiazolylazo)
resorcinol (TAR)

Rhodamine 6G
hydrochloride dye
(RG+)

indigo carmine dye

2-((E)-(1H-
benzo[d]imidazol2-
yl)diazenyl)-5-((E)-
benzyl ideneimino)
phenol (BIADPI
4-(nitro phenyl azo
imidazole)

4-(2-
benzothiazolylazo)
2,2'-biphenyldiol
complex
N-hydroxy-N, N'-

diphenylbenzamidine

polymethine dye Astra

*P[Phloxine FF

Ethyl4-(5-acetyl-2,3,4-

trihydroxyphenyl)
diazenylbenzoate
(EATDB

Result of

RSD%

0.31%

3.7%

2.16%

(0.70 -
1.86)%

(0.9-
0.467) %

0.29%

<1.85%

+ 2.0%

3.59%.

0.742%-
0.896%

Introduction

Table (1.2): Chromium Determination Studies

Results of LOD&

LOQ
LOD=0.017pg/ ml
LOQ=0.0568 pg/ml

LOD =3.2ug/L
LOQ=10.5pug L
LOD=7.48pug/L
LOQ=24.68ug/L

DOL=0.0012ug/mi
LOQ=0.00396pg/ml

LOD=0.27ug/mi
LOQ=0.891pg/ml

LOD=0.13ug/ml
LOQ=0.435ug/ml

LOD=0.13ng. L™
LOQ=4.4ng. L™
LOD=0.3pg/L
LOQ=0.99ug/L
LOD=1.87pg/L
LOQ=6.17pg/L

LOD=0.864 pg/mL
LOQ=2.851 pug/mL

Ref

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

Present
Work
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1.12 Aims of the Research

1-Prepration of novel compound from an Azo derivative, isolate and purify in
the solid phase, followed by analysis using FT-IR, UV-is,"HNMR,“C,NMR,and

GC/mass spectrometry techniques .

2-Examining the characteristics of the link between new both ions ( cobalt and
chromium ions) by determining the proportion between ion and ligand through
techniques such as the method of mole ratios , Job's method ,and Molllared

method. .

3- The research also involved recognition of solid compound and recognition of
certain physical properties Determination of ligand and synthsis compound
through UV-Vis and FT-IR method subsequently suggesting a synthetic

formulation for compounds.

4-Applying the new proposed method to determine Co(Il) and Cr(I11) in various

samples.
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Chapter Two

2.1 Apparatus.

Experimental Work

In the table below are list of the apparatus used in this thesis.

No.

Digital balance

Double beam UV-
visible spectro-
photometer
FT-IR. Spectro -
photometer

GC/MS
spectrophotometer

Molar conductivity
meter

PH/meter

Shaker

Single- beam visible-

spectrophotometer

Temperature control
circulator

Table 2.1 Apparatus used.
Instrument name

Type & origin

SartoriusBS-210
(Germany )

Cecil 7200,(England).

8400, Shamadzu,(Japan)

5975CLMSDwith Tripe-
AxisDetector/agilent
technologies

WTW.270.inolab
GERMANY

HANNA, ITALY

GEMMYORBIT
VRN480 England

Made in Japan- Sp -300

BS-11, (Korea)
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Place

Kerbala University
college of Science

Kerbala University
College of Science

Kerbala University
College of Science

University of Basrah
college of education

Kerbala University
College of Science

Kerbala University
College of Science

Kerbala University
College of Science

Kerbala University
College of Science

Kerbala University
College of Science



Chapter Two

2.2 Materials of Chemical

Experimental Work

In the table below are list of chemical materials that are used in this research.

Table (2.2): List of Chemical Materials.
Seq | The name of subject Chemical formula | The company purity
and M.Wt
1 Sulfuric acid H,SO, 98.08g/mol | G.C.C 99,0%
2 Nitrite of sodium NaNO, 69.00g/mol | E.M.darmstad | 99,0%
3 Hydroxide of sodium NaOH 39.99 g/mol | B.D.H 99,0%
4 Hydrochloric acid HCI37w/v%36.5g/ | Himedia Analar
mol
5 Nitric acid HNO; 65w/v% Merckdarmsta | Analar
63.018g/mol dt
6 Sodium nitrate NaNO; 84.99g/mol | fulka 98.00%
7 ethanol C,HsOH fulka 99,00%
46.068g/mol
8 Cd (I1) nitrate-hydrate | Cd(NO3),.4H,0 fulka 99.0%
308g/mol
9 Nickel(I)nitrate- Ni(NO3), 6H,0 B.D.H 98.0%
hydrate 290.7g/mol
10 | Cobalt(ll  )nitrate - | Co(NO3),.6H,0 B.D.H 99.0%
6hydrate 291g/mol
11 | Iron(llD)nitrate-hydrate | Fe(NO3);.9H,0 (B.D.H) 99.0%
404g/mol
12 | Mercury(ll)nitrate- Hg(NOs),.H,0O MERCK 98.5%
hydrate 342g/mol
13 | Lead (Il )nitrate Pb(NOs3), (B.D.H) 99.0%
331.2g/mol

27




Chapter Two Experimental Work
14 | Magnesium (Il) nitrate- | Mg(NOs),.6H,0O (B.D.H) 99.5%
hydrate
15 | Silver nitrate AgNO; (B.D.H) 99.0%
16 | Copper (Il )nitrate -| Cu(NOs),.3H,O | (B.D.H) 99.0%
hydrate
17 | Potassium Sulfate K,SO, MERCK 99.0%
18 | Potassium bromide KBr NANIWA 99.0%
19 | Potassium thiocyanate KSCN (B.D.H) 99.0%
20 | Potassium lodate KIO, GCC 99.0%
21 | Potassium dichromate K,Cr,0, Riedel 99.0%
22 | Potassium carbonate K,CO3 (B.D.H) 99.0%
23 | Potassium cyanate KCN (B.D.H) 99.0%
24 | Thiourea CH4N,S AAG 99.0%
25 | Ascorbic acid CeHgOg (B.D.H) 99.0%
26 | Ethylene diamine tetra Na,EDTA Fluka 98.0%
acetic acid disodium salt
27 | Citric Acid CeHgO4 Scharlou 99.0%
28 | Potassium chloride KCI GCC 98.0%
29 | Dimethyl sulfoxide DMSO Fluka 98.0%
30 | Sodium Dodecyl NaCl .H,SO, Thermo 99.0%
Sulfate(SDS)
31 | Zinc(ll )nitrate -hydrate | Zn(NOs),.6H20 | HIAMEDIA |99.0%
32 | Chromium(ll  )nitrate | Cr(NO3)3.9H20 | (B.D.H) 99.0%
hydrate
33 | Benzocaine CoH110,N HIAMEDIA | 98%
34 | 2,3,4-trihydroxy phenyl CgHgO4 HIAMEDIA | 98.00%

acetophenone
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35 | Formaldehyde CHO HIAMEDIA | 99.00%
36 | Disodium phosphate Na,HPO,.12H,O0 | HIAMEDIA | 99.00%
37 | Chloroform CHCI; HIAMEDIA | 99.4%

2.3 Synthesis Ligand Ethyl.4-((5-acetyl-2, 3, 4-trihydroxyphenyl) diazonyl)
benzoate (EATDB).

Ethyl 4-aminobenzoat (Benzocaine) (1.651 g, 10 mmole) is dissolved in a
mixture produced by adding distilled water (25 mL) to 5 mL of concentrated
HCI acid. The nitrogenation process is completed by let the solution to
remaining in the mixture for 15 minutes after cooling it to between (0 -5)
degrees Celsius and the solution of sodium nitrite (0.69 g, 10 mmole) was
added ,diluted in 10 mL of distilled water. After dissolving (1.681 g.) of the
2,3,4-tri hydroxyacetophenone in 10 mL of ethanol and 25 mL of NaOH (10%),
the solution should be cooled to between (0 -5) °C and allowed to sit for 30
minutes. The salt solution was chilled to between (0-5) °C and then
progressively infused with this imidazole derivative solution. After being given
a heavy red stain, the solution was kept at (0 -5)°C for an hour. Then, diluted
HCl acid (5 mL, 1 M) was gradually added to it in order to produce a reddish-
orange precipitate and acquire the acidity function (pH = 5-6). In order. Upon
precipitation, the resulting solid was subjected to filtration, followed by
thorough washing with distilled water to eliminate any traces of sodium sulfate,
which might have formed in the process of pairing and neutralization reactions.
To create the pure form, it was then dried and recrystallized with ethanol, and
the yield was 67% [91].
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2.4 Preparing the Standerd solution.
2.4.1 Preparation of Co (Il) Standard solution (1000 pg.mL™ ):

The Co (Il) ion standard solution (1000 pg.ml™ ) equal to 1.696x102M
prepared by dissolving 0.4936g of Cobalt nitrate Co (NOs),.6H,0 was dissolved
in 100ml of deionized water. This standard solution was repeatedly diluted with
deionized water to yield additional standard solutions as a starting point.

2.4.2 Preparation of Cr (Ill) Standard solution 1000 pg . mL™.

Cr (lll) ion standard solution was created by dissolving 0.770 g of chrome
nitrate (Cr (NOj3)3).9H,0 in distilled water to achieve a concentration 0f1000
ug.ml™? equal to (2.493x10°M). In other standerd solution with different
concentrations were prepared.

2.4.3 Preparation of Reagent Solution (1000pg.mL™)

A reagent was made by dissolving 0.100 g of EATDB, M.Wt. is 344 g. mol™ in
ethanol, then complete the volume with 100mL ethanol to the mark of
volumetric flask.

2.4.4 Preparation of Sodium hydroxide solution (0.1M)

A 0.400g of sodium hydroxide was dissolved in 100ml distilled water to
prepare.0.1M of NaOH.
2.4.5 Preparation of hydrochloric acid solution (0.1M).

A 0.833mL of concentrated hydrochloric acid 37% was dissolved in 100mL
deionized water to prepare 0.1 M of HCI.
2.4.6 Preparation of cations solution.

Cation solutions with concentration of 100pg.mL™were prepared by
dissolving the necessary amounts of elemental nitrate salts in (100 ml)

deionized water .
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Table (2.3): list of the weights utilized in the creation of cation solutions.

No | Structure of cation | Wt.g
1. |[Cd(NOs),].4H,0 |0.273
2. | Ni(NOs),.6H,0 0.495
3. | Fe(NOs); .9H,0 0.723
4. | Hg(NO3),.H,0 0.170
5. | Pb(NOs3); 0.159
6. | Mg(NO;),.6H,0 1.055
7. AgNO; 0.157
8. | Cu(NO3),.3H,0 0.380

2.4.7 Anions solution preparation:

From elemental potassium salts, A 100 pg.ml™ concentration of anions was

created in solution, by dissolve the necessary amounts in 100ml of deionized

water as stated.

Table (2.4): list of the weights utilized in the creation of anions solutions.

No Anions formula Wtgm
structure
1 K2SO4 0.045
2 KBr 0.037
3 KSCN 0.041
4 K103 0.030
5 K2Cr,07 0.030
6 K,COs3 0.055
7 KCN 0.061
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2.4.8 Preparation solution to study the lonic strength.

2.4.8.1 Preparation of 0.5 M sodium sulfate solution. (Na,SOy).

A 0.5 M sodium sulfate solution can be made by weighting 1.780 g of
sodium sulfate (Na,SO,) and dissolving it in distilled water with volume of 5
mL, Fill the volumetric flask to the mark with 25 mL of distilled water. Small
volumes of the stock solution were diluted to create a concentration (0.5, 0.05,
0.005,and 0.0005) M.
2.4.8.2 Preparation of 0.5M of (NaNQOs) solution.

For studying the impact of lonic Strength, A 1.063 g of NaNO; was
dissolved in 25 ml deionized water to prepare 0.5M of NaNO; from this stock
solution series of solution with different concentration (0.5, 0.05, 0.005, and
0.0005) were prepared.

2.4.9 Masking agent solution preparation.

To make masking agent solutions with a 25 mL volume, calculated amount for
each element was first dissolved in 5 mL of distilled water. The resulting
solution was then transferred to the volumetric flask with 25 mL complet to the

mark with deionized water.

Table (2.5): lists the masking agent parameters used.

No. | masking agent 0.1M Wt. g
1. Thiourea 0.190
2. ascorbic acid 0.440
3. Na,EDTA 0.890
4, Citric Acid 0.020
5. K CI 0.180
6. Na,HPQO,.12H,0 0.890
7. CH,0 0.075
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2.5 Preliminary analysis of the reagent’s interaction and several ions of

metal.

In a test tube, a 1 mL solution containing cobalt (I1) and Chromium (1) ions
at a concentration of 1000 pg. mL™ was carefully placed. Subsequently, drop by
drop, 2 mL of a prepared solution containing the reagent (EATDB) at a
concentration of 1000 pg. mL™ was added to the test tube while shaking,
resulting in the formation of a colored precipitate.

To observe the effect of the acid function, drops of hydrochloric acid (0.1M)
were added to a portion of this mixture, while drops of sodium hydroxide (0.1M)
were added to another portion. The purpose was to assess the impact of the acid
and base on the color formation.

It was observed that the color formed prominently under basic conditions,
indicating a positive response. However, there was no change in color under
acidic conditions, indicating a lack of reactivity or color formation. This
observation suggests that the cobalt (I1) and Chromium (Ill) complexes with the
reagent (EATDB) exhibits a strong color response in basic environments, while

acidic conditions do not elicit a visible color change.

2.6 UV-Visible study.
2.6.1 UV-Visible study of ligand (EATDB).

For the spectral scanning of the reagent EATDB at a concentration of
1.45x10° M within the specified range of 190-1100 nm, a dual-beam UV-
visible spectrophotometer was employed. The measurements were carried out
using quartz cells with a light path thickness of 1 cm. Subsequently, the peak

absorbance of the reagent was identified at a wavelength of A,,,=289 nm.
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2.6.2 UV-Visble study for Co(ll) and Cr (lll) ions.

To study the UV-Vis spectrum 2ml Of reagent solution with concentration
2.450x10™" M equivalent to 100 pg.mL™ was added to two volumetric flasks
[First one contain 1 ml Co (ll) ion solution with concentration 3.440x10™*M
equivelant to 100 pg.mL™ and the second contain 1 mL Cr (lll) ion with
concentration 2.500x10™ equivalent to 100 pg.mL™ and complet the volum to
the mark for each volumetric flask .Blank solution was prepared in same
conditions except the addition of Co (ll) and Cr (Ill) ions

A spectrophotometric device was used to scan the complex solutions
produced in the previous sentence the maximum absorbance values were
computed over the wavelength range of 190-1100 nm . When compared to the
comparable reagent solution (Blank), the complexes in this region exhibit the
highest absorption value.
2.7 Optimum condition for the development of Cobalt (II) and Chromium

(111) complexes.

After determining the A, absorption of each complex, which were found to
be at Anax = 437 nm and 573 nm for Co(ll) and Cr(lll) respectively, further
investigations were conducted to identify the optimal conditions for generating
these two complexes. These examinations were carried out with meticulous
attention to detail to ensure the accuracy and reliability of the results. The aim
was to establish the most favorable reaction conditions that would yield the Co
(1) and Cr (111) complexes with maximum efficiency and precision
2.7.1 Effect of pH value.

2.7.1.1 Study effect pH on the Co (lI) complex.

A 1mL of Co (Il) ion solution with concentration at 1.6962x10M equivalent
to 100pg.mL™ was added to set of 10 ml volumetric flask followed by addition
of 2mL of reagent solution with concentration at ( 1.453x10° M ) equivalent
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to 500 pg.ml™ for each volumetric flask than adjusting the pH (2-10) by using
HCI 0.1M and NaOH 0.1 M and the absorption has been taken at Amax of Co
(1) ion.

2.7.1.2 Study the effect of acidic function on Cr (lll) complex

A 1ml of Cr (lll) ion solution with concentration at 1.923x10°M equivalent to
100pug.mL™ was added to set of 10 ml volumetric flask followed by addition of
2ml of reagent solution with concentrationat ( 1.453x10° M ) equivalent to
500 pg.ml™ for each volumetric flask than adjusting the pH (2-10) by using
HCI 0.1M and NaOH 0.1 M and the absoption has been taken at Amax of Cr
(111) ion.

2.7.2 The stability and effect of time on complex.

Absorbance of Co (llI) and Cr (1) complexes with the reagent at Amax for two
jons were investigated at different time to study the stability of the two
complexes.
2.7.2.1 Analyze the impact of Time on the assimilation for cobalt (Il)

complexes.

A Cobalt (Il) complex was made by mixing a solution of Cobalt (Il) ions
which have concentrations (3.42 x 10) M, or 100 pg .ml™ , with a solution of
reagents at concentrations (1.45 x 10®) M, or 500 pug.mL™. The optimal acidic
function PH= 9 then completthe volume to the 10 ml .followed by measuring
the absorbance at 437 nm compared to the Blank solution at various time ,starty
from the beginning of reaction until 48 hrs
2.7.2.2 Analyze the time impact on the assimilation of chromium (I11)

complexes.

A Cr (I11) complex made by mixing a solution of Cr (Ill) ions at (1.923 x 10°®
M), equivalent to 100pg.mL™, with a solution of reagents at concentrations
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(1.45 x 10°) M, or 500 pug.mL™. The optimal acidic function pH= 8 then
complet the volume to the 10 ml .followed by measuring the absorbance at 573
nm compared to the Blank solution at various time ,startly from the beginning
of reaction until 48 hrs

2.7.3 Effect of sequential addition.

A series of successive addition for reagent solution (2ml,1.45x10°M) and
metals (1ml, 3.34x10™* M for Co*?, and 2.49x10™*M for Cr*®) ) and adjusted the
pH=9,8 at optimum conditions were made to obtained the best intensity

Table (3.8): the effect of sequential addition on Co (ll) and chromium (Il1)

No.of Sequence Seq of addition

1 M+PH+L
2 L+PH+M
3 L+M+PH
4 M+L+PH
M=Metal , L=Ligand

2.7.4 Effect of Temperature.

2.7.4.1 The effect of temperature on Co (llI) ion complex.

A (1mL) of Cobalt (1) ion at a concentration of (3.4x10“M) equivalent to
(100 pg.ml™) to a set of 10 ml of volumetric flasks followed by 2mLof ligand
at (1.45 x10°° M) equal to( 500pg.ml™) concentration, the effect of temperature
on the Cobalt complex was examined .After adjusting the ideal pH = 9 .
Transferring to the Volumetric flask, 10ml, filling to the mark with
deionization putting these flasks in water bath that has a temperature range of
(10 — 60 °C), and comparing with blank but without cobalt,

2.7.4.2 The effect of temperature on Cr (lll) ion complex.

A (1mL) of Chromium (I11) ion at a concentration of (2.51x10“M) equivalent

to (100 pg.ml™) to a set 10 ml of volumetric flasks followed by 2mLof ligand
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at (1.45 x10°° M) equal to( 500pg.ml™) concentration, the effect of temperature
on the Chromium complex was examined .After adjusting the ideal pH = 8 .
Transferring to the Volumetric flask, 10ml, filling to the mark with deionized
water putting these flasks in a water bath that has a temperature range of (10 —
60 °C), and comparing with blank but without Chromium (l1I).

2.7.5 Effect of ionic strength,

2.7.5.1 Impact of ionic strength on Co (ll) ion complex.

The amount of the reactants' solubility, the rate at which they react, the effects
of the ions and the sensitivity of the estimation various lonic Forces.
Investigating this impacting aspect . This was demonstrated using the below:
1ml of a Cobalt(l1) ion solution, with a concentration of (3.4x10™*M), equal to
(100 pg.mI™), was introduced to a set of volumetric flasks, and then 1ml each of
sodium nitrate and sodium sulfate solutions, with varying concentrations were
added. Separately, after which 2ml of each ligand at concentration of (1.45 x 10°
M) was added. The flasks then filled up to the mark, and ideal acidity function
set at (pH=9) for creating of Co (II) complex, the complex's maximum (A =
437 nm) was measured in contrast to a solution created with the same
chemicals as a solution that is comparable to it (Blank), and for all the solutions
that were examined. , (0.5,. 0.05, 0.005,and 0.0005 M) were added.

2.7.5.2 Impact of ionic strength on Cr (l11) ion complex.

The amount of the reactants' solubility, the rate at which they react, the effects
of the ions and the sensitivity of the estimation various lonic Forces.
Investigating this impacting aspect . This was demonstrated using the below:
1ml of a Chromium (I11) ion solution, with a concentration of (2.51x10™M),
equal to (100 pg.ml™), was introduced to a set of volumetric flasks, and then
Iml each of sodium nitrate and sodium sulfate solutions, with varying
concentrations. Separately, after which 2ml of each ligand at concentration of
(1.45 x 10°M) was added. The flasks then filled up to the mark, and ideal
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acidity function set at (pH=8) for creating of Cr (lll) complex, the complex's
maximum (Ayax = 573 nm) was measured in contrast to a solution created with
the same chemicals as a solution that is comparable to it (Blank), but with the
ion added, and for all the solutions That were examined. , (0.5, 0.05, 0.005,
and 0.0005 M) were added.

2.8 Calibration Curves.

2.8.1 Calibration Curve of Co (I1) complexes.

Different concentrations of Cobalt (II) ion solution (1 mL), 1.72x107*-
2.4x10™M corresponding to (0.5-100 pg.mL™ ), were added to a series of
volumetric flasks (10 mL). Then 2 ml of the ligand solution with concentration
at 1.45x10™ M was added to each volumetric flask followed by adjusting the pH
=9 and complet the volume to the mark with deionozation.

By Absorbance measurement of all solutions at the complex’'s maximum
wavelength of (A= 437 nm), it is possible to conduct a calibration curve
between absorption and concentration.

2.8.2 Calibration Curve for the Cr*® complexes

Different concentrations of chromium (l111) ion solution (1 mL), 1.24x10°-
2.4x10™*M corresponding to (1.00 -100 pg.mL™ ), were added to a series of
volumetric flasks (10 mL). Then 2 ml of the ligand solution with concentration
at 1.45x10-4 M was added to each volumetric flask followed by adjusting the
pH =8 and complet the volume to the mark with deionization.

. By measuring the absorbance of all solutions at the complex's maximum

wavelength of 573 nm, it is possible to conduct a calibration curve between
absorption and concentration.

2.9 The stoichiometry study

Under ideal conditions, it is possible to investigate the Metal to Ligand ratio
(M: L) by use, Mole Ratio method, Continuous Variations (Job's method), and

Mollard method.
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2.9.1 Job's method (continuous variation).

2.9.1.1 Cobalt (I1) ion complex.

The following step is to make two solutions for the Cobalt (11 ) complex at
concentrations of (3.00 x10™ M) and the same concentration of metal ion and
Ligand, after adjusting the pH =9 the volume completed to the mark .and
measure the absorbance for each volumetric flask at Amax of Co (II) ion against
blank solution which prepared in the same procedure except adding the solution
of Co (Il) ion [92].
2.9.1.2 Chromium (I11) ion complex.

The following step is to make two solutions for the Chromium(lll ))Complex
at concentrations of (3 x10” M) and the same Concentration of metal ion and
Ligand, after adjusting the PH =8 the volume completed to the mark .and
measure the absorbance for each volumetric flask at Amax of Cr (lll) ion
against blank solution wich prepared in the same procedure except adding the
solution of Cr (lIl) ion [92].

2.9.2 Method of the mole ratio.

2.9.2.1 Complex of Cobalt (Il) ion.

A series of 10 ml volumetric flasks were employed for the experiment. Each
flask was filled with a precise and constant concentration of cobalt (1I) ions,
precisely 3.43x10™ M. Additionally, varying concentrations of the ligand were
introduced into the flasks, ranging from 2.5x10“* M to 7.0x10* M, in a
proportional manner. Throughout the experiment, the acidity function was
modified accordingly. The optimal conditions for complex formation were
carefully maintained at a pH of 9. To achieve the desired maximum
concentration, ethanol was gradually added to each flask until the target
concentration was reached. During the complex preparation, instead of using the
Cobalt (II) ion solution, a volume of deionized water, was utilized as a
substitute. This allowed for the creation of comparison solutions, which were
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prepared in a manner similar to that of the complex solutions. After completing
the preparations, measurements of the complex's absorption were taken for all
the solutions at a specific wavelength, which was determined at Amax=437 nm.
These absorbance measurements were crucial in assessing and comparing the
complex formations at different ligand concentrations and under varying acidity
conditions. The data obtained from these measurements provided valuable
insights into the behavior and properties of the formed complexes in the
specified experimental conditions [93].

2.9.2.2 Complex of Chromium (I11) ion.

In this experiment, a set of 10 mL volumetric flasks was utilized. Each flask
was filled with a known and constant concentration of chromium (I1l) ions at
2.5x10™ M. The reagent was then added to each flask in increasing amounts,
ranging from 2.5x10™* M - 7x10° M, proportionate to the concentration of the
chromium (I11) ions. The acidity function was set at pH 8.

For the comparison solutions, the volume of the chromium (I11) ion solution
was replaced with an equivalent volume of distilled water. These comparison
solutions were prepared using the same steps as the complex preparations.

The absorbance of the complexes was measured for all solutions at a
wavelength of Amax=573 nm. This allowed for the assessment and comparison
of the complex formations at different ligand concentrations and under the
specified acidity conditions. The measurements provided valuable data
regarding the behavior and properties of the formed complexes at the designated
experimental conditions [93].

2.9.3 Mollard’s Method

2.9.3.1 Cobalt (II) ion complexes
In a volumetric flask 1ml of Co (II) with a concentration at solution of, (3x10°
*M) was mixed with a reagent solution with a concentration of (1x10“M). By

adding ethanol, the volume was completed to 10ml and the acidity function was
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be to (pH = 9). absorbance was measured at ( Amax = 437 nm) in comparison
to the comparator solution.In a volumetric flask, Cobalt (II) ion solution and
reagent solution were combined at low concentrations (3.00x10™ M for the
reagent solution and (1.0x10™ M for the cobalt (I1) ion solution), and the pH
value was changed to pH= 9 before the volume was finished to (10ml ) with
Ethanol . The greatest absorption in relation to the comparator solution was
calculated at,A max=437nm [94].

2.9.3.2 Chromium (111) ion complexes

In one experimental setup, a ligand solution with a concentration of 3.0x107
M was mixed with 5 ml of a chromium (I11) ion solution at a concentration of
1.0x10™ M in a volumetric flask. The pH of the solution was adjusted to 8 and
the volume was completed to 10 mL by adding ethanol. The maximum
absorption of this complex was recorded at 573 nm, and it was compared to a
control comparator solution. In another experiment, a chromium (Ill) ion
solution with a concentration of 3.0x10* M was combined with a low
concentration of the reagent solution, specifically 1.0x10” M, in a volumetric
flask. The pH of this solution was set to 8 using an acidic function, and the
volume was completed to 10 ml using ethanol. The absorption of this complex
was measured at Amax = 573 nm, and it was compared to the comparator
solution. Both experiments involved creating complexes with chromium (I11)
ions and the reagent at different concentrations and under the same pH
conditions. The absorbance measurements at 573 nm were used to assess and
compare the complex formations to the control comparator solution[94].
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2.10 Determination of the thermodynamic functions, stability constant,

and degree of dissociation of the two generated complexes.

2.10.1 Complex of Cobalt (11).

The first volumetric flask, which contained (1 mL ) of the Co (Il
concentration of ion 3.4x10*M and 2ml of the ligand with concentration
1.46x10° M, was utilized. The volumetric flask was then filled with distilled
water until the mark was reached, and the ideal acidic function was changed to
(pH =9). Last but not least, the second volumetric flask was filled with 1 mL of
Co (Il) at a Concentration 3.4 x 10*M and 2mL of the ligand a concentration of
3 x10°M. The two volumetric flasks were then placed in a water bath at 10 to
30 °C, and the solutions' absorption was assessed at the wavelength where their
maximum absorbance compared to the comparator solution at each temperature.
The dissociation constant determined from absorption data from the first
volumetric flask (As) and second volumetric flask (Am).

2.10.2 Complex of Chromium (11l) ion

A two volumetric flasks (10 mL each) were utilized, and the ideal acidic
function was modified to be at pH = 8.1M 1ml of Chromium (l1I) ion was
present in the first flask with concentration (2.5x10“ M), and in the second,
2mL with concentration of (3.3x10™ M) , with the ideal acidic function set to
(pH = 8). Followed by transferring the solution to a volumetric flask (10
mL),and complet the volume to the mark .The absorption of the solutions were
measured at the wavelength corresponding to their respective maximum
absorption at each temperature within a water bath. The water bath was set to
maintain a temperature range of 10 - 30°C. For each temperature point, the
absorption of the solutions was compared to the absorption of the comparator
solution . The dissociation constant determined from absorption data from the

first volumetric flask (As) and second volumetric flask (Am).
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2.11 Impact of the masking agent Anions and Cations interference.
2.11.1 Interference of Cations.

2.11.1.1 Determination of Cobalt (lI) and certain interference Cations ion.
This study was conducted that might interact with the Cobalt (lI) ion under
research in a set of 10mL volumetric flask 1 mL of the Cobalt (Il) ion was
discovered in this work. First, 1 mL of a Cobalt (I1) ion solution (100 pg.mL ™)
was added. Next In each flask ,(1ml) of metallic ion solutions (100 pg. ml™)
of( Ag*™, pb*?, Fe*®, Mn*?, Zn*™?, Cu*?, and Cd*?), which can interfere with the
Cobalt (IlI) ion separately, were added Finally, 2 mL of reagent solution at
concentration (1.45x10°*M),equal to(500 pg.ml™ )was added The volume was
completed to the appropriate level with D.W and the absorbance was measured
( Ama=437nm) after the acidic function was set to (pH = 9) of Cobalt (1)
complex.
2.11.1. 2 Determination of Chromium (lll)) ions using various interference
cations.
In this study, the identification of chromium (111) ions involved the introduction
of various metal ion solutions that might potentially interact with chromium
(111) ions. For this purpose, a set of 10 ml volumetric flasks was used. Each
flask received 1 mL of metallic ion solutions (Zn**, Mn*?, Ag*™, Pb**, Fe™,
Cu*?, Cd*) at a concentration of 100 pg.mL™. Subsequently a 2 mL portion of
the chromium (111) ion solution, with a concentration of 100 ug.ml™ , was added
to each flask individually, to investigate its interaction with the respective
metallic ions. Before the addition of the chromium (l11) ion solution, 1.45x107
M (or 500 pg.ml™) of the reagent solution was added to each flask. The acidic
function was adjusted to pH 8 to promote the formation of chromium (111)
complexes. To complete the volume in each flask, distilled water was added up
to the mark, and then the absorbance was measured at A.x = 573 nm against a
blank. This experimental setup allowed the assessment of how the presence of
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different metal ions might interfere with the formation of chromium (l11)
complexes. The absorbance measurements at A, = 573 nm provided crucial
data to evaluate the complex formations and their interactions with the reagent
and metallic ions under investigation.

2.11.2 Anions Interference Interaction

2.11.2.1 Investigating Cobalt (IlI) ion with certain Interferences anions ions

In this study, the identification of cobalt (II) ions involved the addition of a
solution of anions that might potentially interfere with cobalt (11) ions. A group
of 10 ml volumetric flasks was utilized for this purpose. Each flask received 1
mL of anion solutions (SO,% Br', SCN?, 107 CrO;?% COs;? CN?) at
concentrations of 100 pg.mL™ and 200 pug.mL™. Following the addition of the
anion solutions, 1 mL of cobalt (I1) ion solution at a concentration of 100
ng.mL™ was added to each flask individually. This allowed the examination of
its interaction with the respective anions. Subsequently, 2 mL of reagent
solution at a concentration of 500 pg.mL™ (or 1.7x10°M) was added to each
flask. To complete the volume in each flask, distilled water was added up to the
mark. The acidic function was adjusted to pH 9 to facilitate the formation of the
cobalt (1) complex. The absorbance of the resulting complex was then
measured at A, = 437 nm against a comparison solution (blank). The blank is
a control solution containing all components except the cobalt (Il) ion, used for
baseline correction. The absorbance measurements at Ay.x = 437 nm provided
crucial data to identify and analyze the cobalt (II) complexes and their

interactions with the reagent and anions under investigation.

44



Chapter Two Experimental Work

2.11.2.2. Investigating of Chromium (lIl) ion and some anions ions.

In this experiment, the identification of chromium (I1l) ions involved the
addition of solutions of anions that might interact with the chromium (111) ion
under investigation. A group of 10 mL volumetric flasks was used for this
purpose. Each flask received 1 mL of anion solutions at concentrations of 100
ug.mL™ and 200 pg.mL™. After adding the anion solutions, 1 mL of chromium
(111) ion solution at a concentration of 100 pg.mL™ was added to each flask.
This allowed the investigation of the potential inhibitory effect of the anions on
the chromium (I11) ion individually. Subsequently, 2 mL of the reagent liquid at
a concentration of 1.5x10° M (or 500 pg.mL™) was added to each flask. The
acidic pH was adjusted to 8 to facilitate the formation of the chromium (Il1)
complex. The volume in each flask was completed to the mark with distilled
water. Finally, the absorbance of the resulting chromium (I11) complexes was
measured at Amax = 573 nm against (blank). The blank is a control solution
containing all components except the chromium (I1l) ion, used for baseline
correction. This experimental setup allowed researchers to assess how the
presence of different anions might interact with and potentially inhibit the
formation of chromium (111) complexes. The absorbance measurements at A
= 573 nm provided crucial data for identifying and analyzing the chromium (I11)
complexes and their interactions with the reagent and anions under
investigation.

2.11.3 Study of using masking agent to determine Co (lI) and Cr (lll) ions

in presence of other ions.
2.11.3.1 Cobalt ion complex

A 1.00 ml of various masking agent solution with concentration (100 pg.ml™ )

were added to (Iml) of Cobalt (Il) ion solution separately with concentration

(100pg.ml™ ) then 2ml of reagent solution concentration of 500ug . mL™ were

added . Using distilled water to fill the acidic function after it had been adjusted
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to pH=9 . Measurements were taken of both the absorbance and volume to the
mark After learning that the agents for masking had no impact on the Cobalt (I1)
ability to absorb light at ( A,=437)nm, compared to the (Blank), For each of
the ions interfering with the process, a research was conducted to determine the

appropriate masking agent and its volume. Cobalt (1) ion.

2.11.3.2 Chromium (lll)) ion complex .

A 1.00 ml of various masking agent solution with concentration (100 pg.ml™ )
were added to (Iml) of Chromium(lll) ion solution separately with
concentration (100pg.ml™ ) then 2ml of reagent solution concentration of
500pg . mL™ were added . Using distilled water to fill the acidic function after it
had been adjusted to PH=8 . Measurements were taken of both the absorbance
and volume to the mark After learning that the agents for masking had no
Impact on the Cobalt (I1) ability to absorb light at ( A,.x=573)nm, compared to
the comparator solution (Blank), For each of the ions interfering with the
process, a research was conducted to determine the appropriate masking agent

and its volume Chromium (I11) ion.
2.11.4 Using more effective masking agent

2.11.4.1 Cobalt (lI) ions Complex

Take a collection of 10 mL volumes flasks .filled with Cobalt (I1) ion solution
with a concentration of (100 pg.ml™ ),selected cations (Zn*?, Mn*? Ag*, pb*™
Fe*, Cu™, Cd")with a concentration of (100 pg.mL™),appropired masking
agent with a concentration of (0.1 M), reagent at a concentration of (500 ug.
ml™), The PH of solution were adjusted at (pH = 9), and then fill the volume to
the mark with deionized water. Absorbance was measured at ( Amax=437nm) in

comparison to the compartor solution

46



Chapter Two Experimental Work

2.11.4.2 Chromium (ll) ion complex

Using a set of volumetric flasks 10ml added 1ml of Cr (lll) ion at a
concentration of 100 pg.mL™, 1ml of the concentration of the cations ion is 100
ug.ml™ | 1 mL of masking agent 0.1M, 2ml of the reagent at a concentration of
500 pg.ml™, and finally (1ml) of the solution. Finally, the pH value of the
acidity function was adjusted to 8 and complet the volume to the mark
Absorption was evaluated in relation to at comparison approach (Ama = 573n
m)

2.12 Statistically Results Treatment.

Precision.. [95]

The accuracy of the analytical techniques was assessed five replicates and
from each metal ion, different concentration were utilized, exactly three
concentrations for the purpose of calculation of the Standard Deviation (SD)
and relative standard deviation percentage R.S.D%. As well as by establishing
the ideal circumstances for each ion. Then, the maximal absorption for each
complex was assessed in contrast to the identical conditions-produced

comparator solution

S.D= /Z(X"‘X) 21
n-1

R.S.D%=%*1oo 2.2

S. D = standard deviation.
RSDw =relative standard deviation.

X = The sample mean

Xi = Value inthe data absorption
n=No. of Values.

Accuracy. [96]

Under optimum for the calibration curves produced from earlier
investigations, the produced reagent employed to regulate. The approach taken

to calculate these metal ions the error relative (Ere %) was calculated
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Er% ==X 100 2.3
Xt

E=Xi—Xt 2.4

Re% = 100 F Ere X 100 25

E = the differentiation between analytical reading and the truth.
Xt = The real values.

2.13 Solid Complexes Preparations of Co (ll) and Cr (lll) ions.
2.13.1 The solid Complex of Co (Il).

A (0.250 mmole 0.1g) of the ligand (EATDB) dissolved in 10ml ethanol
was mixed with (0.125mmole, 0.01g ) of Cobalt (ll) ion dissolved in 10ml
deionized water in a ratio of (1:2), the solid Cobalt (II) complex was produced.
The Cobalt (II) a circular flask is continuously stirred while ion solution is
added to it. Ligand solution is then gradually added while the acidic function is
set to (pH = 9), stirring continuously for two hours. A dark brown precipitate
was seen 24 hours later, once the ethanol solvent had dried at room temperature.
2.13.2 The Complex of Cr(lll) .

A (0.250mmole 0.1g) of the ligand (EATDB) dissolved in 10ml ethanol was
mixed with (0.125mmole, 0.1g ) of Chromium(lll) ion dissolved in 10ml
deionized water in a ratio of (1:2), the solid Cobalt (Il) complex was produced.
The Chromium(lll) a circular flask is continuously stirred while ion solution is
added to it. Ligand solution is then gradually added while the acidic function is
set to (pH = 8), stirring continuously for two hours. A dark brown precipitate
was seen 24 hours later, once the ethanol solvent had dried at room temperature.
2.14 The (Melting points) of the ligand, Co (Il) complex, and Cr (lll)

complexes.

A Melting points of Cr (Ill) and Co (II) complexes, were measured in order
to compare them with those of the reagent. The goal of figuring out the melting

points is to make sure that the reagent and the melting points of the Co (Il) and
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Cr () complexes are different enough to allow for the creation of the 2
complexes [97].
2.15 The Molar Conductivity of the Chromium (Illl) and cobalt (ll)

complexes. [97].

In order to measure the conductivity 0.01gm of complex was dissolved in
10mL ethanol then measuring the molar conductivity at room temperature, A
Co (I1) complex solution with a concentration of (3x10™ M) was created using
the same procedure as earlier studies. By dissolving (0.01gm) of the complex’s
Cr (I1) in 10ml of ethanol, the Cr (Ill) complex at concentration of 1x10°*M was
created in a similar way

2.16 Estimation spectroscopy.

UV-Vis Spectrophotometer.

A double beam and a single beam UV-visible spectrophotometer were used
to detect the UV-Vis spectra of the ligand and its dispersed complexes.
Forrier Transfer InfraRed spectra (FTIR).

The Ligand (EATDB), Cobalt (II) complex, the Chromium (lIl) complex all
have been characterized by using FT-IR analysis .
Nuclear magnetic resonance spectroscopy 'HNMR, *CNMR.

To count the amount of carbon and hydrogen atoms in the solvent (DMSO),
an NMR spectrum was used.
Gas Chromatography Mass spectrometry. (GC/MYS)

Measure the reagent's molecular weight based on the ablation process using
GC/MS spectrometry.
2.17 Application.

The spectroscopic technique used to identify Chromium (IIl) ions and the

Cobalt (I1) ion in pharmaceuticals samples.
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2.17.1 Determination of Cobalt (I1) ion in drug: ) [98]

Vitamin By, drug ampule (250 pg.mL™) contains the Cobalt (I1) ion
(cyanocobalamin 43.37ug/mL was taken, shaking well, then take a 4ml from the
vitamin By, solution to a dry beaker, add 8ml nitric acid( 1:1) and heat until dry,
add 8ml hydrochloric acid (1:1 ) and heat again nearly dried, cool the sample,
add distilled water, and transfer the sample to a 10ml volumetric flask. From
there, take 5ml to extract cobalt (11) by 5ml from the reagent (EATDB.

2.17.2 Determination of Cr (lll) ions in drugs. [98].

Ten tablets each of chromium (I11) niacin (200 pg Cr*®) and chromium
picolinate (1000 pg Cr®) were taken separately, ground, and heated for 2 hours
at approximately 300°C in a furnace. The resulting liquid was transferred from
the furnace to a volumetric flask and then filled to the mark with 0.1 M HCI.
The mixture was then filtered. Next, 10 mL of the chromium niacin solution and
5 mL of the chromium picolinate solution were separately filtered, and to each
of them, 2.5 mL of 1 M KCI solution was added. After that, distilled water was
used to dilute each solution to a final volume of 100 mL. Subsequently, 5 mL of
each prepared drug solution (chromium niacin and chromium picolinate) were
added to each of 10 mL volumetric flasks. Then 3 mL of the ligand solution at a
concentration of 2.032x10° M was added. The pH was then adjusted to 8,
following the optimal conditions found in this study. Finally, the volume in each
flask was filled to the appropriate mark with distilled water. The same dilution
technique was applied to prepare comparison solutions, but instead of using the
medication solution, an equivalent volume of distilled water was used. This
experimental procedure allowed for the preparation of solutions containing the
drug samples and the ligand solution, under specific conditions, to investigate
their complex formations. The comparison solutions, prepared similarly, served
as a control to evaluate the interactions and complex formations between the
drugs and the ligand.
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3.1 Azo Ligand Synthesis: Ethyl 4-((5-Acetyl-2,3,4-trihydroxyphenal)
Diazonyl) Benzoate (EATDB)

The reagent (EATDB) is produced by dissolving ethyl 4-amino benzoate
diazonium salt pairs (Benzocaine) in a solution made by combining sodium nitrite
mixed in distilled water with strong HCL acid. The solution was allowed to remain
in the container while being stirred and the temperature was kept below (0-5) °C in

order to finish the azotization process and create a diazonium salt (solutionl).

In this experiment, a solution containing 2,3,4-trihydroxyacetophenone was
dissolved in ethanol and sodium hydroxide. The resulting solution was then
gradually added to solution 1, with continuous stirring. The primary objective was
to synthesize the reagent (EATDB), which exhibits a distinct reddish-orange color.

The preparation mechanism is outlined in scheme (3.1) [91].

Va 0
HzN—O C\ gz NaNO,.HCI conc.,H20>C| N N C//
~ —
O/ CH 3 _— H2

(0.5°C) \O/C\
ethyl 4-aminobenzoate CH;
OH
0 OH
0 Y= o
" OH 10° —
0~ 0
CH P Q\\ OH Ethanol \ OH
CH CH Ca
30 / 2 He” S0

1-(2,3,4-trihydroxyphenyl)ethan-1-one H3C ethyl 4-(5acetyl-2,3,4-trydroxyphenyl)diazenyl
benzoate

Scheme 3.1 Preparation of Ethyl4-((5-Acetyl-2,3,4-
trihydroxyphenyl)Diazonyl)Benzoate (EATDB).
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3.2 The Physical Properties of (EATDB).
Some of physical properties of (EATDB) Reagent were investigated as showed
in table (3.1).

Table (3.1): Physical characteristics of the (EATDB).

Compounds | Formula M.Wt (g/mole) M.P(' C) | Color
EATDB C17H16N»06 344.12 218-222 Reddish-
Orange

3.3 Spectroscopic Studies of (EATDB).
3.3.1 UV-visible.

The UV-vis study conducted on the ligand (EATDB) revealed the presence of a
peak in the visible region. These transitions are attributed to atoms with the
capacity to donate electrons, such as the bridge azo group, leading to an absorption
peak at a maximum wavelength of 289 nm. This peak corresponds to the electronic

transition from n-electron donor orbitals to mt*-electron acceptor orbitals (n—n*).

289.0 O\\ OH
/C—Q— N—N OH
1 C{ OH
y CHZ PLORS
8 / H,C” Y0
< HsC ethyl 4-(5acetyl-2,3,4-trydroxyphenyl)diazenyl
benzoate
0
200 400 600 800 1000
Wavelength et

Figure (3.1): UV-Visible of [EATDB].
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3.3.2 FT-IR of ligand (EATDB) and its raw materials.

To confirm the reagent was successfully prepared, the product was
characterized utilizing various characterization tools including FT-IR
spectrometry, (*H and **C) NMR spectroscopy, and mass spectrometry. The FT-IR
spectrum of reagent exhibits a broad significant peak at 3372 cm™ which belongs
to the presence of hydroxyl groups (OH) and a strong peakatl712cm™
corresponding to an ester carbonyl (ester C=0) as illustrated in fig (3.4 ). The

other interruption peaks were listed in the table (3.2).

3.3.2.1 FT-IR Spectrum of 2, 3, 4-Trihydroxyacetophenone.
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Figure (3.2): FT-IR spectrum of 2,3,4-trihydroxyacetophenone
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Figure (3.3) FT-IR test result for the benzocaine showing its spectrum.

3.3.2.3 FT-IR spectrum of the reagent (EATDB).
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Figure (3-4) FT-IR test result for (EATDB) showing its spectrum.
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Table (3.2) the main data of FT-IR spectrums of ligand with its raw material.

Type of Bond Eth_yl 4- 2,3,4- (EATDB)
aminobenzote | trihydroxyacetophenone | reagent

St.(N-H) 3225.05 | e

(C --H) Aromatic | 2982.,2901 3005,3090 2982

(C -- H) Aliphatic | 2901 3005 2982

(C =C) Aromatic | 1512, 1446, 1508, 1465 1604,1512, 1450
(N=N) | s e 1420

(C=0) 1685 |- 1712

(C--N) 1280 1292 1276

(O—H) 3302

3.3.3 '"HNMR spectrums for the reagent.

One of the best techniques for determining the chemical structure of organic
molecules is proton nuclear magnetic resonance spectrometry. By using 1D NMR
spectroscopy, the reagent's structure (EATDB) was further established. Using
DMSO-d6 as a solvent, the 'HNMR spectrum of the Reagent were examined.
Figures (3-5) show the reagent (EATDB). ‘H NMR spectrum.'"H NMR is a
valuable equipment for support hydrogen abundance. The 'HNMR spectrum of
(EATDB) Figure 3.5 displayed three slight broadening signals for OH groups; the
first signal was at 11.08 ppm corresponds to OH, the second signal at 8.54 ppm
contributed OH, proton of the third signal at 8.25 ppm belongs to OH. The
spectrum exhibits a triplet signal at 1.36ppm, representing the CH; proton in CH;-
CH, which is adjacent to the CH, group. Furthermore, there were also two signals
displayed in the spectrum; the first signal was a quartet at 4.32 ppm corresponding
to (CH,-CH;), and the second signal was a singlet at 3.65 ppm, corresponding to
the methyl protons adjacent to the carbonyl group -CH;-C=0, also the spectrum

showed the signals of five aromatic protons in the range of 7.79-7.25 ppm..
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Figures (3.5) the 'HNMR spectroscopic spectrum of reagent.

Figure (3.5) display 16 peaks that represent information coming from sixteen
different kinds of protons. Proton 16 (s, 1H, O-H) was given a singlet with an
integration of one proton at 11.08 ppm. (s, 1H, Ar-O-
H),8.54(S,1H,0H),8.25(S,1H,0H),and two proton at7.79(d,j=8.0Hz,2H,Ar-H),
7.65(d,j=8.1Hz,2H,Ar-H), 7.25(s,1H,Ar-1H) 4.32,(q.j=6.4Hz,2H,CH2),
2.31(S,3H,CH3), 1.36(t,3H,CH3), 1.36(t,j=7.0Hz,3H).

3.3.4 ®CNMR spectrum for the reagent

BCNMR was utilized to confirm the reagent structure which demonstrated a
characteristic peak one peak for ester carbonyl at 166.4 ppm and the second peak
at 203.2 ppm for the carbonyl group in ketone in addition to that there are peaks
between 61.1 - 14.2 ppm, confirming for CH,- and -CHj; proton environments for
the reagent and seven aromatic carbons in the range of 152.4 to 108.5 ppm.
BCNMR is a particularly useful tool for examining reagent. The results indicate
that the molecular ion peak closely matched the expected molecular weight, as

determined from the ideal structure, as depicted in figure 3.6.
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Figures (3.6). *CNMR spectroscopic spectrum of reagent

3.3.5 Gas Chromatography (Mass) for the (EATDB).

Figure (3-7) presents the Gas Chromatography/Mass Spectrometry (GC/MS)
spectrum of the ligand (EATDB). Notably, the figure demonstrates a close match
between the theoretically calculated molecular weight (M.Wt) and the
experimentally obtained value, both being equal to 344 g.mole®. This
correspondence validates the accuracy and consistency of the ligand's molecular

weight determination through GC/MS analysis.
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Figure 3.7 Gas. Chromatography/MS of reagent (EATDB).

3.4 Preliminary testing

Initial experiment was done to investigate the reaction between a newly
prepared reagent and 12 different metal ions. These ions (Hg®*, Ni**,Mg**, Ag*,
Pb?*, Fe**, Co®*, Cu**,Sr**, Cd?*, Zn** and Cr*") Colored solutions that showed a
reaction occurred were used to demonstrate how these ions and the reagent
interact. The findings of the early analyses for reaction reagent with Co** and
Cr*3ions are shown in table 3-3. These ions were picked out of the remaining ones

for research and spectrophotometric examination.

Table (3.3). The results from an initial test show reagent reactivity with Co(ll) and

Cr(Ill) ions.
lons color of Complex | Acid Medium | Base medium
Cobalt (II) Light orange Light orange | Brown
Chromium(lll) | Purple Purple Light green
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3.5 Study of UV-Visible spectrum of Co(ll) ion and (EATDB) complex.

As it can be seen in figure (3.8), Co (II) complex’s absorption associated with
newly prepared reagent are presented. The spectrum of absorption is detected
within the wavelength (190-1100) nm. Co (II) complex exhibits a distinct peak of
absorption at (A max = 437 nm). Interestingly, the formation of the complex is
accompanied by a bathochromic shift, indicating a displacement towards longer
wavelengths, along with a substantial increase in light absorption. These
observations strongly suggest significant alterations in the electronic transitions,

implying the successful creation of a compound between Cobalt (II) and the

reagent.
1.5
1.0
)
O
<
437.0
0.5
— T~ ]
0.0
200 400 600 800 1000

Wavelength

Figure (3.8): UV-Visible Cobalt (I1) - [EATDB] complex.

3.6 Effect of pH value on Cobalt (Il) lon.

Figure (3-9) demonstrates the impact of acidic conditions on the Cobalt (1)
complex solutions absorption. The gradual increase in color intensity of the

complex solutions was noticed, distinct intensity was observed at pH=9
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Nevertheless, upon surpassing this level of acidity, a decline in the absorbance
value of the complex was observed. This decrease can be attributed to the possible

precipitation of ions or the formation of unstable complex ions due to the excessive

acidity. These observations underscore the sensitivity of the complex to changes in
pH and highlight the importance of maintaining an optimal acidic environment for

stable complex formation.

0.4 -
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17}
e
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Figure (3-9) effect of pH for Cobalt (II) complex,

3.7 Time Influence on Co (I1) complex stability.

The absorption characteristics of the Cobalt (I1) complex with the ligand
(EATDB) were thoroughly examined under the optimized conditions. The
obtained results are presented in table (3.4). The stability of the generated
complexes was carefully examined, as it represented a crucial aspect in

determining the optimal time frame during which the complex could remain stable.

Our findings from investigation reveal that the Cobalt (1) complex exhibits
remarkable stability, remaining stable for up to 24 hours after its formation. This
stability ensures that the complex can be reliably utilized in practical applications
without undergoing significant changes over a considerable period. The study out
comes of the underscore the suitability and robustness of the Cobalt (1) complex

for various analytical and scientific purposes.
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Table (3.4) Time influence on Co (Il)-(EATDB)

Time Imin  10min 20min  30min  60min 120 min 240 min 24 h
Absorbance. 0.360 0.362 0.359 0.357 0.360 0.357 0.360 0.359

3.8 Effect of Temperature on Co (I1) lon

Temperature has an effect on the complex formation for that different
temperature were tested. The results are presented in table (3.5), it can be observed
that the cobalt (11) complex has the highest absorption values and produce the best
results. The Cobalt (I1) complex exhibits vivid color intensity within the
temperature range of (10 — 40)°C. Increasing in temperature leads to a noticeable
reduction in the complex’s absorption levels, possibly stemming from diminished
substance stability or increased dissolution at elevated temperatures. Thus,
maintaining the temperature within the optimal (10- 40) °C range becomes critical
to preserve the complex's stability and desirable color properties, ensuring reliable

and accurate results in various applications.

Table 3-5. Temperature influence on Co (lI)-EATDB

Temp °C 10 20 30 40 50 60
Absorbance. 0.361 1 0.360 | 0.358 |0.358 |0.334 0.326

3.9 Effect of Sequence addition on Co (I1) lon.

Using four different addition arrangements, a complex absorbance's reaction
content was examined in terms of its order. According to the information in table

3.6 below, the cobalt (1) complex had an equal impact on rate of absorbance.
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Table (3.6) the influence of sequence addition on Co (II)-EATDB

Sequence. Sequence of addition Absorbance

1 M+L+PH 0.360
2 M+ PH +L 0.354
3 L+PH +M 0.349
4 L+M+PH 0.355

M=Metal ,L=Ligand

According to the data presented in Table (3.6), the cobalt (I1) complex was
identified through the implementation of the first sequence, resulting in favorable
outcomes. Conversely, using the alternative sequence resulted in a reduction of the
complex’s absorbance, potentially due to the interaction of ions (Both base & acid)
with the metal.

3.10 Effect of lonic Strength on Co (II) lon.

In the investigation of the cobalt (1) complex's absorption behavior, the study
utilized sodium nitrate (NaNO,) and sodium sulfate (Na,SO,) salts to examine the
influence of ionic strength. By introducing solutions containing these salts (1 mL
each) to the cobalt (I1) complex, a diverse set of concentrations (0.0005-0.5 M), for
every salt was investigated. This method allowed for a thorough examination of

the impact of ionic strength on the Co (II) complex in terms of absorption

behavior.
Table (3.7) lonic strength Influence on Co (II)-(EATDB)
pddng | Concrtonsl posorancs, | A Comeetratonsf - Adde
0.0005 0.359 0.0005 0.360
0.005 0.350 0.005 0.349
Na,SO, 0.05 0.352 NaNO; 0.05 0.355
0.5 0.348 0.5 0.352

Absorption value of Co(l1)-(EATDB) without adding = 0.360
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According to the findings presented in table (3.7), it is evident that none of the
listed concentrations have a notable impact on the absorption value. From this
observation, it can be refereed that the ions investigated do not exert any
significant influence on the solubility or sensitivity of cobalt ion detection. The
results strongly suggest that the presence of these ions does not interfere with the
absorption behavior of the cobalt (II) complex, confirming its reliability and

selectivity as a dependable method for detecting cobalt ions.
3.11 Calibration curve of Co (I1) complex.

The optimal condition was found and used to generate the calibration curve for
the ions of cobalt (I1). The results of the investigation are depicted in fig. (3.10),
for the cobalt (I1) ion.

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

y = 0.0036x + 0.0125
R?=0.9980

Abs.

0 20 40 60 80 100 120
Conc. pg/mL

Figure (3.10): Calibration curve of Co ().

Figure (3-10) illustrates that the cobalt (I1) ion adheres to the Lambert-Beer
rule within the concentration range of (1 - 100 pug.mL™ ). The cobalt complex
exhibits a molar absorptivity of (0.212x10° L.mole™. Cm™), demonstrating its
sensitivity to changes in concentration. The absorbance of the complex displays a
linear relationship with the metal concentration, further supporting the validity and

applicability of the Lambert-Beer law in this analytical context. This characteristic
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ensures reliable and accurate determination of cobalt (I1) ion concentrations within
the specified range[94] & [96-98].

A =ebC (3.1)

£
At.Wtx1000

slope = (3.2)

€ = molar absorptivity

s =1~ (3.3)

a

S = Sandal sensitivity

Table 3-8 Analytical parameters data for quantifying cobalt ion using ligand
(EATDB).Table (3.8): Analytical parameter for Co (Il) analysis.

Analytical parameters value

Molar absorptivity (L.mol™ .cm ™) 0.212x10°
Range conc.(ug.mL™) (1-100)
Linear equation Y=0.0036X+0.0125
Slope 0.0036

Limit of Quantification (ug.mL™) 2.4120

Limit of Detection (nug.mL™) 0.7410
Sandal sensitivity(ug.cm?) 0.2780
Linearity coefficient R?=0.9980

A max 437nm

3.12 Stoichiometry of the Co (11) complex.

Under optimal conditions, the composition of the cobalt (II) complex was
investigated using three different methods. Firstly, the mole ratio approach was
employed, followed by Job's method (continuous variations), and finally Mallard's

method. These techniques were utilized to determine the composition of the

65



Chapter Three Result & Discussion

formed cobalt (1) complex with precision and accuracy. These analytical
techniques allowed for a comprehensive exploration of the stoichiometry and
composition of the complex, providing valuable insights into the interaction
between cobalt (Il) ion and the ligand (EATDB). The utilization of multiple
methods ensured the accuracy and robustness of the findings, enabling a thorough

understanding of the complex formation process.
3.12.1 Mole Ratio Method for complex of Co (I1).

In this method, a series of 10 mL volumetric flasks was employed, each
containing a constant and predetermined concentration of cobalt (11) ion (3.00x10-
4 M). Gradually increasing and proportionate concentrations for reagent were
inserted into each flask, ranging from (2.5x10 - 7.00x10™ M). Furthermore, the
pH of both components was adjusted to 9, representing the optimized conditions
for complex formation. Ethanol was added to each flask to the mark to complete
the volume. Same procedure was utilized for preparing the complex solution was
employed for preparing the comparison solutions, ensuring consistency and

reliability in estimating the complex [92].

0.25 +
0.2 - W
. 0.15 -
w
<
0.1 -
0.05 -
0 T T T T 1
0.0 0.5 1.0 15 2.0 2.5
CL/CM

Figure (3-11) Mole ratio for the complex of Cobalt (I1).

Figure 3-11 illustrates the bonding of the cobalt (1) complex with a
stoichiometric ratio of two to one for the reagent and the Co ion respectively,

denoted as (M: L) (1:2).
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3.12.2 Job’s method for Co (I11) Complex.

In this approach, different volumes of solutions, all containing Co (Il) ion at the
same concentration (3.43x10* M), were mixed with (EATDB) with a
concentration of (1.45x10° M) for obtaining a final volume of 10 mL. The
measurements were conducted under optimized conditions, and at (Ay. = 437 nm)
the Co (II) complex's absorbance was measured. figure (3-12) illustrates the
outcomes of this method, offering valuable insights into the formation of the

complex and its distinctive absorption properties at the specified wavelength [93].
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0.12 -
. 0.1 -
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Figure (3-12) Job’s method result for the Cobalt (11).

As shown in figure 3-12, the cobalt (1) complex exhibits a bonding ratio of (M:
L) (1:2), where one mole of the cobalt ion coordinates with two moles of the
reagent (ligand - EATDB). This stoichiometric arrangement holds valuable
significance as it sheds light on the coordination and interaction between the cobalt
(I1) ion and the ligand, EATDB, thereby offering deeper insights into the
molecular structure and stability of the complex.
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3.12.3 Mollard’s Method Cobalt (II) ion complex

The experiment involved the mixing Cobalt (1) ion solution having (1.00x10™)
M concentration and a reagent solution with a concentration of 3.00x10™* M. The
pH of the mixture was precisely adjusted to 9. Afterward, ethanol was carefully
added to achieve a final volume of 10 mL. The resulting solution's absorbance was
measured at A,,,=437 nm, yielding a value of 0.179. This particular value signifies

called as (As) and it express the complex’s absorptivity at equivalence point.

In an alternative experiment, reagent solution at a lower concentration (1.00x10
* M) combined with higher concentration cobalt (I1) ions solution (3.00x10™* M).
pH adjusted to 9, and volume precisely adjusted to 10 mL using ethanol.
Subsequently, absorbance at A,,,<=437 nm recorded meticulously, revealing a value
of 0.348. This specific absorbance value signifies absorption of complex at

equivalence point (Am) [94].

moAm_ 29 1944 (3.4)
S As 0.179

3.13 Calculating the complex Co (I1) stability constant.

The absorption values obtained from the mole ratio technique of the cobalt (1)
complex can provide valuable insights into its stability constants. By utilizing the
concentrations of cobalt (I1) ions in the solutions and their corresponding
absorption data, the stability constants of the colored complexes can be calculated,
particularly when they are combined. The stability constants were determined
using the following equations: [100]&[94].

M*" +nl & Min (3.5)

a+nca< (1—a)c (3.6)
_ [MLn]

K = rmi (3.7)
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L = Reagent, a = the degree of dissociation following formulae are used to

compute:
_ (1-a)c
" ac(nac)n (3.8)
K=—2% (3.9)
nntgn™ cn
a = Am—As (3.10)
Am

As = the complex's absorption at the equivalence point.
Am = a complex’s highest rate of absorption.
n= number of mole, C=molar concentration, L=Reagent M"=ion

Table 3-9 the value of K , for cobalt (II) complex
Absorption at

Highest rate of : ( K)mol™*
Complex : the equivalence (a) 3
absorption (Am) ooint (As) .dm
[Co (EATDB),] 0.360 0.290 0.194 5.967x10°

The stability constant (K) values presented in table (3.9) illustrate the high
stability of the generated complex. This remarkable stability enhances the
efficiency of the process and allows for the reliable use of the reagent (EATDB) in
estimating the spectrum of cobalt (I1) ion. The determined stability constants
provide crucial evidence for the robustness of the complex formation and its
potential as a valuable tool for spectroscopic analysis and determination of cobalt

(1) ions.
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3.14  Calculation of dissociation degree, Ky, and the Co (II) complex’s

Thermodynamic functions.

3.14.1 Temperature influence on the Co (II) Complex’s level of dissociation

and stability constant.

An extensive research has been conducted to examine the influence of
temperature on a compound, encompassing both the stability constant and the
degree of dissociation of the Cobalt (1) complex. The outcomes of this
investigation are meticulously presented in table 3.10, offering significant and
valuable insights into the complex’s behavior, which is contingent on changes in
temperature.Table (3.10) Temperature variation impact on the Co (I1) complex'’s

stability constant and degree of stability.

Temp.°C  Temp.(K)  Valueofa  Value of Kx10°

10 283.15 0.168 3.795
15 288.15 0.180 3.040
20 293.15 0.187 3.028
25 298.15 0.194 2.380
30 303.15 0.198 2.234
7.9
.
7.8
Y
g >
7.7 ¢
7.6
3.25 3.3 3.35 34 3.45 3.5 3.55
UT (K)

Figure (3-13) Relation between temperature and Log K for Co (ll) ion.
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The thermodynamic behavior of the Cobalt (I1) complex, including its stability
constant and degree of dissociation, was extensively investigated, and the pertinent
data is illustrated in table (3-10) and figure (3-13). The negative value of AG
indicates that the reaction of the ion is spontaneous, while the negative value of
AH suggests an exothermic reaction. These findings align with the data presented

in the aforementioned table and figure.

Additionally, temperature plays a critical role in influencing hydrolysis shells
that cobalt ion is surrounded with. Cobalt ion's inherent properties, such as its
concentrated charge, contribute to its limited solubility. However, as observed,
temperature exerts a beneficial impact on the hydrolysis shells, leading to
alterations in the cobalt complex's charge and other characteristics. These insights
significantly contribute to understanding the thermodynamic behavior and stability
of the Cobalt (II) complex, shedding light on its reactivity across varying

temperature conditions.

3.14.2 The calculation of the thermodynamic properties of Co (I11) Complex

The thermodynamic characteristics of the Cobalt (I1) complex were thoroughly
investigated in this study to explore its influence on temperature. Employing data
derived from the previous section, the enthalpy (AH), Gibbs free energy (AG), and
entropy (AS) were meticulously computed. The results pertaining to the Cobalt (II)
complex are methodically displayed in table (3.11) and graphically depicted in
figure (3-14).These computed thermodynamic parameters offer crucial insights
into the complex's stability, spontaneity, and reactivity under various temperature
conditions. The investigation significantly enhances our comprehension of the
complex's behavior across diverse thermodynamic scenarios, enriching our

knowledge of its attributes and potential implications.
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Table (3.11): Temperature impact on Co (II) complex Thermodynamic function.

T UTA0°(K)  Logk  AH JA/n(fole) AS (KK‘;/ mole
283.15 3.532 8.579 -46.655 0.11
288.15 3.470 8.485 -46.71 0.09
293.15 3.411 8.480 -47.515 0.01
29815 3354 8376 _jgq5 -47.730 0.20
303.15 3.298 8.334 -48.371 0.09

As shown in table 3.11 the results indicated that temperature showed no
significant influence on the complexes’ stability. The Cobalt (II) complex
exhibited remarkable stability, which further highlights the potential of utilizing
the reagent (EATDB) in spectrophotometric analysis. Its consistent stability under
varying temperature conditions enhances the reliability and applicability of this

method for determining and analyzing Cobalt (11) ions in various samples.

3.15 Anions and Cations ions interference impact on Cobalt (II) complex.

3.15.1 Cobalt (I1) ion determination with interference cations ions.

Concisely outlined in table (3.12) are the investigation results of a methodical
selection of diverse cations. This exploration was carried out to assess their
potential interference with the absorption of the Cobalt (1) complex. These
findings offer valuable insights into the influence of various cations on the stability
and sensitivity of the Cobalt (I1) complex. Consequently, these in devising
effective strategies to minimize or mitigate any potential interferences encountered
during the analysis of Cobalt (I1) ions in complex samples. Such knowledge is
crucial for enhancing the accuracy and reliability of the analytical process when

dealing with real-world samples containing multiple cations.
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Table (3.12) cations interference impact on Co (I1) complex.

foreign . (1.00" g/mL) .
lions Cations structure Absorption af_ter addition Error%o
of cations
Cd*  Cd(NO3),.4H,0 0.321 11.30
Mn?*  Mn(NO,),.6H,0 0.313 13.4
Fe¥*  Fe(NOs)3.9H,0 0.298 17.60
Zn”  Zn(NO,), 0.320 11.3
Pb**  Pb(NO,), 0.302 16.50
Ag®  AgNO; 0.313 13.4
Cu®*  Cu(NO3),.3H,0 0.305 15.6

Absorbance without interferences = 0.360

The finding obtained in tables (11) and (12) explained that specific ions resulted in
increasing the absorbance on the other hand, others led to decreasing the
absorbance. This impact can be attributed to the competition between these ions

and Co(ll) ion for complex formation with the reagent.

3.15.2 Cobalt (I1) ion determination with some interference anions ions.

To examine the interference of selected anions with Cobalt (I) ions, their presence
was thoroughly investigated. The results obtained from these experiments are
clearly presented in table (3-13). The data obtained showed light on the impact of
these specific anions on the absorption behavior of the Cobalt (I1) complex. By
discerning the potential interferences, this study contributes to the refinement of
analytical methods and ensures the accurate determination of Cobalt (1) ions in the

presence of these selected anions.
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Table (3-13) Anions interference impact on complex of Co (l1).

Ani (100pg/mL) (200pg/mL)
The ions = rrl:rc])nls Absorption after Anion E% Absorption after E%
ormuta addition Anion addition
SO4%  K,SO, 0.231 34.3 0.304 27.61
Brt KBr 0.219 394 0.310 26.15
SCN"  KSCN 0.237 31.28 0.306 27.18
105" KI1O; 0.249 43.54 0.321 21.29
CrO;%  K,Cro; 0.246 31.8 0.330 21.14
CO;* K,CO3 0.234 38.60 0.317 25.58
CNY KCN 0.222 36.17 0.319 25.0

Absorbance without interferences = 0.360

When combining the reagent with the cobalt (I11) ion complex, it was observed
that there is noticeable impact of various ions on the absorption values. That
influence is contingent upon the type and concentration of the introduced ions.
Such interferences can lead to either a decrease or an increase in the absorption of
cobalt. A notable observation is that both Anions ions and the reagent form a
complex, resulting in reduced competition and enhanced sensitivity of the method
for detecting cobalt (I1) ions. This phenomenon could be attributed to the role of
anions as masking agents, which helps mitigate interference effects.

By comprehending these intricate interactions, we gain valuable insights into
the behavior of the cobalt (1) complex and can optimize the analytical process to
achieve accurate determination of cobalt ions, even in the presence of various

interfering species.

74



Chapter Three Result & Discussion

3.16 Effect of masking agent
3.16.1 Co (1) Complex

Masking agents were utilized to overcome the interference caused by cations
overlapping with the Cobalt (I1) complex. Seven masking agents were selected to
assess their impact on the interaction between the reagent and interfering ions. By
introducing these agents, the specificity of the Cobalt (1) complex formation was
enhanced, leading to more accurate and reliable results. This approach allows for
customized analysis based on the sample's specific interfering ions, ensuring a
selective determination of the Cobalt (I1) complex. Further optimization and
validation are necessary for complex sample matrices with multiple interfering

ions.

Table (3.14): Co (1) complex absorption impacted by masking agent

Masking agent 0.1M Absorption of Co (ll)
complex

Ascorbic acid 0.358
Citric acid 0.340
formaldehyde 0.313
KCI 0.335
Na,EDTA 0.345
Na,HPO,.12H,0 0.327
Thiourea 0.311
Without masking agent 0.362

Results in table (3.14) demonstrate the formed complex's absorption is
minimally affected by Ascorbic acid. This observation suggests that Ascorbic acid
could be used successfully as a masking agent against interference. However, it is
crucial to note that in scenarios where other ions dissociate with cobalt (I1) ion,

Ascorbic acid may not be suitable as a masking agent. Therefore, careful
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consideration of the specific interfering ions and their interactions is of utmost
importance when selecting an appropriate masking agent for ensuring accurate
determination of the Cobalt (I1) complex. A tailored approach to masking agent
selection is crucial to optimize the analytical process and mitigate potential

interference effects effectively.

3.16.2 Using a more effective masking agent to detect Cobalt (II) ions when

cations are interfering.

Ascorbic acid was chosen as the best masking agent to overcome the interference

obtained from the cations. table (3.15) shows the data obtained.

Table (3-15) masking agent effect on the absorption of a cobalt (I1I) complex when

cations are present.

foreign Abs after addition cations Relative Error (E
ions (100pg/ml) with addition of the %)
masking agent(0.1M)
Cd** 0.344 4.444
Ni** 0.340 5.551
Fe+ 0.339 5.870
Hg?+ 0.341 5.270
Pb*+ 0.345 4.187
Mg+ 0.349 3.040
Ag+ 0.338 6.160
Cu*+ 0.346 3.816

In table (3.15), complex of Cobalt (II) absorbance values in the presence of
interfering cations are presented, alongside the introduction of a more effective
masking agent. Additionally, the table includes absorbance values that can be
compared to those observed prior to the interference. The results clearly
demonstrate that the new masking agent effectively eliminat the influence of
interfering cations, thereby enabling accurate determination of the Cobalt (Il)
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complex absorbance levels. The successful implementation of this improved
masking agent ensures enhanced precision and reliability in the analysis, making it
a valuable addition to the analytical process when dealing with complex sample

matrices containing interfering species.

3.17 Accuracy and Precision for the proposed method for Co (11).

The precision and accuracy of the method were thoroughly evaluated by
employing two crucial parameters: the relative standard deviation (R.S.D %) and
the percentage recovery for Cobalt (Il) ions. These assessments offer essential
insights into the consistency and reliability of the analytical results obtained from
the method. By analyzing these parameters, the study was able to ascertain the
robustness and effectiveness of the analytical approach in accurately determining
Cobalt (1) ions, even in the presence of interfering species or complex sample
matrices. Such evaluations are vital for establishing the method's practical
applicability and ensuring the generation of reliable and precise analytical data
[95][96].
Table (3-16) Precision and Accuracy for the complex of Co (ll).

Concentration ¢ Concentration Percentage

of Co™ of Co** found Pérgegtgl/ge Recovery Pél;(;%r;tg}ge

present(M) (M). Dt % 0
1.738x10™ 1.732x10- 1.740x10™ 0.479 100.115 -0.115
3.400x10™ 3.674x10° 3.460x10™ 0.874 101.764 -1.764
5.100x10™ 1.870x10° 5.020x10™ 0.437 98.430 1.571

The value of RSD% (< 0.9) and recovery ranged from 98.43 — 101.764 indicate

that the optimized method was accurate and precise to determine Co (llI) ion.

77



Chapter Three Result & Discussion

3.18 Limit of Detection and limit of Quantification Calculation cobalt (11)

ions.

The sensitivity of the spectroscopic technique employed for quantifying cobalt
(11) ions is described by the term Limit of Detection LOD and quantification LOQ
It represents the lowest concentration of cobalt (I1) ions, which is (8.62x10° M) or
(0.5 pg.mL™), that can be reliably measured using this spectroscopic method. The
fact that the method can accurately detect such low concentrations indicates its
excellent sensitivity and efficacy in determining cobalt (Il) ions. The calculation
for the Limit of Detection (D.L) and Quantification can be illustrated by the

following relationship:

LOD = X 3.3

Slope

LOQ = °D X 10
Q_Slope

S.D = standard diviation.

3.19 Synthesis of the solid complex.

Employing the reagent (EATDB) under optimal conditions, determined through
extensive investigations into factors such as, the reagent’s temperature, volume of
the reagent, molar ratio, in addition to acidity function, the ion complex formed.
For this, individual metal ions (Co*?) with the reagent (EATDB) dissolved in
ethanol, creating aqueous solutions. Thorough mixing and subsequent cooling led
to the formation of precipitates. These precipitates were filtered and underwent a
recrystallization process. Meticulous examination and analysis of the physical

characteristics of the two solid complexes followed.
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3.20 The Co (Il) complex Melting temperature and reagent measurements.

Cobalt (Icomplex melting temperature was determined to be greater than
390°C, while the ligand (EATDB) exhibited a melting point range between 218°C
to 222°C. Notably, a substantial difference in melting points was observed between
the reagent and the two formed complexes in determining the melting temperature
for cobalt (I1) ion complex with the investigated reagent. These findings serve as
compelling evidence for the formation of new complexes during the reaction
process. Maintaining a consistent passive voice and formal tone in scientific

writing ensures clear communication of research findings and conclusions.

3.21 Measurements of molar conductivity of cobalt (11).

The electrical conductivity of a substance is inherently linked to the abundance
of charged ions present in its solution, often diminishing significantly, and
occasionally approaching a near-zero state, when the complex lacks distinct ionic
characteristics. In the context of this investigation, the molar conductivity of the
cobalt (1) complex with (EATDB) is meticulously scrutinized at concentration of
(3x10™* M), under ambient conditions, with ethanol serving as the solvent. The
ensuing results, thoughtfully presented in table 3-17, unequivocally affirm that the
cobalt (II) complex in conjunction with the reagent exhibits no discernible ionic
character or charge. The rigorous and objective language employed in this
scientific presentation establishes a clear and unambiguous conclusion, rendering
these findings an invaluable addition to the broader research landscape on cobalt
(1) complexes and their electrical properties.

Table (3-17) the molar conductivity value of solution for Co (II) complex.
No  Complex A m(uS/cm)

1 [CO(EATDB),]  8.500
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3.22 The Stoichiometry of Co (I1) complex.

It was discovered through the study of paragraphs (3.22) that the cobalt (1)
complex is not charged and the stric structure of the cobalt (II) complex has a
tetrahedral shape and sp® hybridization because the cobalt (I1) ions tend to form

tetrahydral complexes more frequently than four-coordinated complexes.
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Figure 3-14 the suggested stucture of Cobalt (II) complex.

3.23 Application of Cobalt (I1) ion.

The optimized method proved highly effective in accurately determining the
levels of cobalt (I1) ions in drug samples. The comprehensive results of this
experiment are succinctly summarized in Table 3-18, signifying the method's
proficiency in providing precise and reliable measurements of cobalt (1) ions in
pharmaceutical formulations. This successful application underscores the method's
practical utility for quality control and assurance in the pharmaceutical industry,

bolstering confidence in the accuracy and validity of the analytical approach [98].
Table (3.18): the results of application for Cobalt (Il) determination

Conc. Conc.

Ampoules Manufacturer present Absorption = Found Eecove y E%
1 ercentage
(Mg.mL™) (Mg/mL)
Vit.B;, GERDA 43.370 0.180 42.910 98.939 1.061
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When the statistical and actual amount of sample compared it was noticed that the
spectrophotometric approach were in good agreement for that The technique can

be used to check the quality of cobalt (I1)-containing medicinal dosage forms.

3.24 UV-Visible test of Cr (111) - (EATDB).

Figure 3.16 explained the absorption spectrum for Cobalt (II) complex when
paired with EATDB, within the range (200-1000) nm. An absorption maximum at
(A max = 573 nm) is observed for the Cr (III) complex, The intriguing observation
of a bathochromic shift and a remarkable increase in absorbance provide
compelling evidence of complex formation. These spectral changes suggest a
distinct alteration in the electronic transitions, corroborating the successful
formation of the Cobalt (I1) complex in conjunction with the reagent. Such
analytical insights significantly contribute to a deeper understanding of the
complexation process and validate the suitability of the reagent for cobalt (I1) ion

determination in spectral studies.

2.0
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Figure (3-15): UV-visible test showing Cr (111)-[EATDB] spectrum.
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3.25 Influence of pH on Chromium (I11) lon.

In Figure 3-17, the impact of the acidic function over Cr (III) complex’s
solution absorption, is visually depicted. Notably, the color intensity of the
complex solutions exhibits a gradual increment, culminating in its maximum at an
acidic function of 8. However, as the acidic function surpasses this level, a
discernible reduction in the absorbance value of the complex is observed. This
intriguing phenomenon could be attributed to several factors, including potential
ion precipitation or the formation of unstable complex ions under higher acidic
conditions. These observations highlight the significance of controlling the acidic
function within a specific range to ensure optimal stability and reliability when
studying the behavior of the Chromium (I11) complex in solution. The analytical
insights provided by this investigation contribute to a more comprehensive
understanding of the intricate behavior of the complex and pave the way for further

exploration of its chemical properties and applications.

0.2 -
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Figure (3.16): The absorption of Cr (111) complex effected by pH.

3.26 Cr (Il) Complexes Stability influenced by time:-

Cr (1) with (EATDB) absorption under optimized conditions are shown in
table (3.19). The investigation aimed to assess the stability of the formed

complexes and determine the ideal time frame for maintaining their stability. The
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findings reveal that the Chromium (111) complex remains highly stable for 24 hours

after its formation.

Table 3-19 Time influence on Cr (llIl)-(EATDB).

Time (min.) 1 10 20 30 60 120 240 1440
Absorbance. 0.188 0.188 0.186 0.190 0.192 0.189 0.184 0.185

3.27 Effect of Temperature on Cr (I11) lon

Cr (I11) complex formation that was affected by temperature is investigated
through series tests, and the results are presented in Table (3.20). Notably, the
Chromium (I11) complex exhibited the highest absorption values and color
intensity within the temperature range of (10- 40 °C). However, as the temperature
increased beyond this range, the absorption levels decreased, possibly due to
reduced stability or solubility at higher temperatures. These findings offer valuable
insights into the temperature-dependent behavior for Cr (I11) complex, aiding the
selection for optimal temperature conditions for analytical applications and

enhancing the understanding of its spectral properties and overall stability.

Table (3-20) influence of the Temperature on Cr (lll)-(EATDB)

Temp. °C 10 |15 |20 |30 |40 50 |60
Absorbance. |0.190 | 0.189 | 0.188 | 0.189 ' 0.185 |0.154 | 0.139

3.28 Effect of Sequence addition on Cr (111) lon.

Investigation in complex absorbance’s order of the reaction content, was
conducted through examination of four different addition arrangements. The result
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presented in Table 3.21 demonstrates that the Cr (111) complex displayed an equal
impact on the rate of absorption across all tested arrangements. These findings
suggest a consistent and uniform behavior of the complex regarding its absorption
rate, irrespective of the specific addition sequence employed. This insight further
contributes to the understanding of the complexation kinetics and the overall
stability of the Chromium (I11) complex, serving as a valuable reference for future

studies and analytical applications.

Table 3-21 Addition sequence impact on Cr (lll)-EATDB

Seq. Addition Seq. = Absorption of complex

1% M+L+PH 0.189
2" M+PH +L 0.186
39 L+PH +M 0.180
4" L+M+PH 0.185

L=Ligand, M=Metal The first sequence was selected for determining the Cr (llI)
complex using this method, as the results in table (3.21) indicate that it yields the
best outcomes. The other sequences lead to a decrease in complex absorbance,
possibly because of the influence of ions that have acid and base nature on the

metal.

3.29 lonic strength influence on Cr () ion.

The effect of ionic strength on the absorption behavior of the Cr (111) complex
was explored using sodium nitrate and sodium sulfate salts. Incremental additions
of 1 mL were made to the Cr (1) complex, with concentrations of both salts
ranging from 0.0005 M to 0.5 M. for both salts This experimental approach
enabled a comprehensive assessment of how ionic strength influences absorption
characteristics for Cr ** complex. Careful investigation for the ionic strength's
impact offers valuable insights into the stability and behavior of the complex in the
presence of different ionic environments, contributing to a deeper understanding of

its chemical properties and potential applications.
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Table 3-22 lonic strength impact on Cr (ll)-(EATDB).

o Coeeaond gorin | Adkgan Sl S
0.5 0.186 0.5 0.183
0.05 0.182 0.05 0.181
Na,SO, 0.005 0.179 NaNO; 0.005 0.186
0.0005 0.189 0.0005 0.188

Absorption of Cr(11)-(EATDB) without adding = 0.189

The results are shown in table (3.22), indicating that the different concentrations
of sodium nitrate and sodium sulfate salts used did not significantly affect the
absorption value of the Cr (lll) complex. From these findings, it can be inferred
that these ions do not have any influence on the solubility and sensitivity of the

detection of Chromium (111) ion.

3.30 Calibration curve of Cr (111) complex.

The optimal condition was connected to generate the calibration curves for the
ions of Chromium (I11). The results of the investigation are depicted in fig. (3.17),

for the chromium (111) ion.

y = 0.0018x + 0.0259
0.25 RZ=0.9939
0.2
. 0.15
(7]
Ne]
<
0.1
0.05
0
0 20 40 60 80 100 120
Conc.ug/ml

Figure (13-17) Cr (lll) ion calibration Curve.
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Calibration curve of Chromium (I11) ions obey Lambert-Beer law, which is fall
into (1- 100 pg.mL™) in terms of concentration range, as shown in figure (3-
17).Based on the metal concentration, It was discovered that the absorbance of
chromium complex is linear and has a molar absorptivity of 0.935x10° L mol™* cm’
LA =ebC (3.1)

&

slope = e werioo (3:2)
£ = molar absorptivity
§ =1 (3.3)

a

S = Sandal sensitivity

Table (3.23): Analytical parameter for the analysis of Cr (lll)

Analytical Data Value
Linear equation Y=0.0018X+0.0259
Linear range(pug.mL™) (1-100)
Linearity coefficient (R?) 0.9939
Molar absorptivity(L.mol cm) 0.935x10°
sandall sensitivity (ug.cm-*) 0.5560

Limit of Detection (nug.mL™) 0.8640

Limit of Quantification (ug.mL™") 2.8510

Slope 0.0018

A max 573 nm

3.31 Stoichiometry of Cr (111) complex.

The composition of the Cr (111) complex is subjected to rigorous investigation
through the application of three distinct methods: mole ratio, Job's, and Mallard's
methods. These analytical approaches collectively provided a comprehensive
analysis of the complex’'s composition and stoichiometry. By employing these

techniques, valuable insights were gained into the molecular ratios and interactions
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between the Chromium (I11) ion and the ligand, Such thorough examinations
contribute significantly to the understanding of the coordination chemistry of the
Chromium (I11) complex and its potential applications in various scientific

domains.

3.31.1 Mole Ratio Method for Cr (lll) complex.

In the study, the composition of Cr (I11) complex is determined through series
of carefully prepared volumetric container. Each flask contained a fixed
concentration of Cr (111) ion (3.00x10™ M) combined with varying concentrations
of the reagent ranging from( 2.5x10™ M- 7.00x10™ M). The pH was adjusted to 9
for optimal complex formation. Comparison solutions were also prepared under
the same conditions. These experiments provided valuable insights into the
molecular ratios and interactions between the Chromium (111) ion and the reagent,
allowing for a comprehensive determination of the complex's composition. The
findings contribute to a deeper understanding of the chemical behavior and

potential applications of the Chromium (111) complex [92].

0.2 -

0.15 -

0.1 -

Abs.

0.05 ~

0 0.5 1 1.5 2 2.5 3
CL/cm

Figure (3.18) the mole ratio associated to the complex of Chromium lon.

The bonding in the Cr (lll) indicates a stoichiometric ratio of (M: L) as 1:2, this
means that there are two and one of moles for both the reagent and ion

respectively, as illustrated in figure (3-18).
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3.31.2 Job’s method for Cr (lll) complex.

The experimental procedure involved combining different volumes of solutions,
each with equal concentrations of 2.5x10 M of Cr (ll1) ion and 1.45x10° M of
reagent (EATDB), to achieve a final volume of 10 ml. Under the optimized

conditions, at (Amax = 573 nm) Cr (I111) complex absorption was obtained [93].

0 0.2 0.4 0.6 0.8 1
VM/VM+VL

Figure (3-19) Cr (IIT) complex showed with Job’s method

In figure (3.19), the bonding within the Cr (I11) complex follows a (M: L) ratio
of 1:2, signifying the presence of two and one mole for both of the reagent and the

ion in the complex respectively.

3.31.3 Mallard’s Method for Chrome (III) Ion Complex.

Valuable spectral data for further analysis was obtained from the resulting
complex when Cr (111) ions (3.00 x 10™) M were mixed with the reagent solution
(1.00 x 10™) M. The pH was adjusted to 9, and ethanol was utilized to achieve a
total volume of 10 mL. The complex exhibited an absorbance of 0.179 at Amax =
573 nm [94].

In comparison to the comparator solution, which had an absorbance of 0.119,

the complex showed a higher absorption value (0.062), represented as (As).
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m_Am

S L ° ) P—— 3.4

s As 0.062

From the obtained results, it becomes apparent that the stoichiometric ratio (M-L)
in both the cobalt (1) and chromium (I11) complexes is 1:2. This implies that each
complex is consisting of two and one mole for the reagent and the complex

respectively.

3.32 Calculated K, for Cr (lll) complex.

Stability constants of the Cr (lll) complex might be able to be calculated using
the absorption values obtained from the mole ratio technique of the complex. The
concentrations of Cr (I11) ions in their solutions can be utilized for calculation of
colored complex in terms of stability constant, particularly when they are
combined with the reagent (EATDB). Calculated have been made using the
following equation [101] :

M*" +nl & Min (3.5)
a+ncae (1—a)c (3.6)
_ [MLn]
= —[M+n] 0 (3.7)

L = Reagent, o = the degree of dissociasion.

_ (1-a)c
" ac(nac)n (3.8)
1(1
f = e ¢9)
q= 404 (3.10)
Am

Am = the max absorption of complex
As = the absorption at equivalence point.

n=no.of mole,  C=molar of concentration, L=Reagent M"=io
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Table 3-24 stability constant value for Cr (lll) complex

Complex Value of (Am) Value of (As)

[Cr (EATDB);] 0.191
Table (3.24) shows that the remarkable stability of the newly prepared complex

can increases the process of the complex leading to estimate the Cr (lll) complex

accurately

3.33 Calculation of dissociation degree,

Thermodynamic functions.

3.33.1 The effects of temperature on the Cr (IlI) Complex’s level of

dissociation and the stability constant.

Table (3.25) presents the influence of temperature on a compound of Cr (lll) with

0.122

(@)

(K)

0.361 1.125%10°8

Ksta, and Cr (lll) complex

taking into consideration the stability constant and degree of dissociation.

Table 3-25 Temperature variation impact on the Cr (lll) complex’s stability

constant and degree of stability.

ToC
10
15
20
25
30

TK

283.15
288.15
293.15
298.15
303.15

a

0.333
0.347
0.362
0.367
0.372

90

Kx10%
7.233
6.250
5.433
5.122
4.879
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y = 0.9496x + 5.1989
R?=0.9884

3.25

3.3 3.35

3.4

3.45 3.5

1/T (K)

3.55

Figure 3-20 relationship between Temperature & Log K for Cr (llI).

The negative value of AG indicates that the ion's reaction was spontaneous.

Furthermore, the negative value of AH suggests that the reaction was exothermic,

as can be seen in table (3-26) and Figure (3-20). Temperature positively influences

the hydrolysis shells surrounding the chromium ion, which possesses a

concentrated charge and distinctive properties that hinder easy dissolution. The

elevated temperature enhances the favorable effects on the hydrolysis shells,

resulting in improved solubility. These observations shed light on the temperature-

dependent behavior of the chromium ion, providing valuable insights into its

stability and reactivity under different thermal conditions. Finding obtained was
sorted in Table 3-26 and explained in Fig 3-21.

Table 3.26: Temperature impact on Cr (Ill) complex Thermodynamic function.

T(K)

283.15
288.15
293.15
298.15
303.15

1/Tx10°K)

3.532
3.470
3.411
3.354
3.298

logK

7.859
7.790
7.734
7.709
7.688

AH

-17.12
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AG
(KJ/mole)
-47.94
-48.43
-48.93
-49.62
-50.337

AS

(KJd/mole)

0.109
0110

0.108
0.109
0.109

K)
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The data in tables 3.26 reveal that temperature had minimal influence on Cr
(111) complexes stability. Considerable stability for Cr (I11) complex underscores
the promising utility of the reagent (EATDB) in spectrophotometric analyzing,

offering consistent and dependable results.

3.34 The impact of interferences in terms of Anions and Cations for Cr (I11)

Complex.
3.34.1 Calculation of Cr (lll) ion with some interference cations ions.

Table 3.27 displays the results obtained from the investigation of the effect of
various cations on the Cr (III) complex’s absorption. The main objective of the
study was to evaluate the possible interferences caused by the combination of these

cations with the reagent.

Table (3-27) cations interference impact on Cr (lll) complex.

Absorbance after addition

foreign ions Cations formula cations (100pg.mI™) Error %
Cd** Cd(NOs),.4H,0 0.202 -3.60
Ni®* Ni(NO;) ,.6H,0 0.177 7.80
Fe®* Fe(NO3);.9H,0 0.207 -7.80
Hg** Hg(NO;),.H,0 0.211 -9.89
Pb?* Pb(NO;), 0.189 1.50
M"2* Mn(NO,),.6 H,0 0.206 -4.07
Ag* AgNO; 0.198 -3.78
Cu* Cu(NO3),.3H,0 0.178 7.29

Absorbance without interferences = 0.190

The finding obtained in table (3-27) explained that specific ions resulted in
increasing the absorbance m on the other hand, others led to decreasing the
absorbance. This impact can be attributed to the competition between these ions

and Cr(l11) ion for complex formation with the reagent.
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3.34.2 Determination Cr (Ill) ion with some interference anion ions

The effect of the presence of some selected an ions were studied to find out the
interference of these ions with Chromium (I11) ion. Result were sorted in table
(3.28).

Table 3-28 Anions interference impact on Cr (1ll) complex

Foreign  Formula Absorption Absorption

(0) 0,
ions ions (100pg/mL) °  (200pg/mL) E%
S0,2  K,SO, 0.185 3.6 0.195 -1.40
Brl  KBr 0.180 6.2 0.168 12.50
SCN! KSCN 0.181 5.7 0.192 0.00
107 KIO; 0.185 3.6 0.195 -1.40
Cro,2  K,Cro, 0.194 1.4 0.210 -9.30
CO;?2  K,COs 0.176 6.7 0.183 3.60
CN! KCN 0177 6.9 0.179 6.70

Absorbance without interferences =0.190
The finding obtained in table (3-28) explained that specific ions resulted in

increasing the absorbance on the other hand, others led to decreasing the
absorbance. This impact can be attributed to the competition between these ions

and Cr(I11) ion for complex formation with the reagent
3.35 Effect of masking agent on Cr (ll) complex.

3.35.1 Identifying the best Masking Agent for Accurate identification of the
Cr (111) Complex

In response to the interference caused by various cations overlapping with the
Cr (111) complex, a strategic plan was devised to mitigate this influence. To assess
the impact of these interfering ions on the reagent's interaction with the complex,
seven masking agents were selected. As a solution to this problem, 1 mL of each
masking agent was added, as depicted in table (3.29).
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Table (3-29) masking agent impact on Cr (lll) abs.

Masking agent (0.1M) | Absorbance of Chromium (llI)
Ascorbic acid 0.179
Citric acid 0.186
formaldehyde 0.189
KCI 0.191
Na, HPO,4.12H,0 0.177
Na,EDTA 0.184
Thiourea 0.169
Without masking agent 0.190

3.35.2 Using a more effective masking agent to detect Chromium (lll) ions

when cations are interfering.

Ascorbic acid was chosen as the best masking agent to overcome the interference
obtained from the cations .Data obtained were sorted in table (3.30).

Table 3-30 masking agent influence on Cr (1ll) complex absorption when cations
are present.

foreignions  Abs. after addition cations Relative error
(100ug/ml) and adding percentage E

masking agent 0.1M %
Cd** 0.179 5.26
=3 0.184 2.64
Zn* 0.186 1.5
Pb** 0.186 1.5
Mn* 0.195 -8.4
Ag’ 0.191 -0.526
Cu* 0.189 0.00

Table (3.30) displays the absorbance values of the Cr (I11) complex when there
are interfering cations in a condition of more effective masking agent is applied. It

Is evident from the table that the absorbance values closely resemble those
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observed prior to the interference, indicating successful mitigation of the

interference using the selected masking agent.

3.36 Accuracy and precision for suggested method for Cr (lll).

Evaluation of method's precision and accuracy involved the utilization of
essential parameters such as relative standard deviation (R.S.D %) and percentage
recovery for Chromium (Ill) ions respectively [95][96], Table 3.31 showed

obtained results .
Table (3-31) precision & accuracy for Chromium (111) complex

el Concentration of

0, 0, 0,
S:e(s:géltla SD Cr(111) found M R.S.D% REC% Error%
1.739x10*  1.22x10°® 1.690%x10™ 0.742 99.41 0.590
3.400x10*  1.65x10°° 3.450x10™ 0.896  101.470 -1.470
5.100x10*%  1.65x10° 5.120x10 0.833 100.392 -0.392

The RSD% value < 0.9 and percentage recovery between 99.41 - 101.470
demonstrated that the analytical method (EATDB) utilized to measure the reagent
exhibits a high degree of precision and accuracy. This indicates that the method is
reliable and capable of providing precise measurements of the reagent's

concentration in samples.

3.37 Limit of Detection (L.O.D) and limit of Quantification (L.O.Q)

Calculation Chromium (I11) ions.

The concept of Detection Limit encompasses the spectral technique's sensitivity
utilized in quantifying cobalt (II) ions. Nevertheless, within the present
investigation, the focus shifts to the detection limit concerning the determination of
chromium (1) ions. The profound capability of this method is revealed by the

identification of the minimum detectable concentration for Chromium (I11) ions,
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which stands at an impressively low value of (1.34 x 10> M), which in terms is
equal (0.7ug.mL™). This observation highlights the method's remarkable
sensitivity, rendering it a powerful tool for precisely determining ionic chromium
in analytical applications. The exemplary relationship elucidated in the equation
for the computation of (D.L) further exemplifies the method's efficacy in achieving
accurate and reliable results in the determination of Chromium (I1l) ions,
signifying its potential significance in diverse scientific endeavors and analytical

investigations.

D.L X 3.3

- Slope
SD = standard deviation

3.38 Preparation of solid complex for Chromium (I11) ion.

Under the optimized conditions obtained from extensive research on
parameters such as acidity function, volume of the reagent, molar ratios and
temperature, the reagent (EATDB) utilized to form ion complexes. This involved
combining the metal ion (Cr*®) with the reagent (EATDB) dissolved in ethanol.
Upon mixing and cooling, a precipitate was observed to form during and after the
process. Subsequently, the solutions were allowed to precipitate completed before
undergoing filtration and recrystallization. Intensive investigation was conducted

on the two solid complex to determine their physical properties.

3.39 Melting point measurements for Cr (111) complex and the reagent.

Chromium (111) ions complex exhibited a melting point above 390°C, while the
ligand displayed a melting point ranging between 218°C to 222°C. A notable
contrast in melting point values was evident while determining the melting points
of the Cr*® ion complex with reagent. The significant difference indicates

formation of a new complex.
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3.40 Measurements of molar conductivity of Chromium (I11)

Table 3-32 presents the molar conductivity values of the chrome (111) complex-
reagent, with concentration (1.00 x10°M) in ethanol at room temperature. The
research findings demonstrate that the complex lacks any ionic character or charge,
resulting in very low levels of electrical conductivity approaching zero. This
characteristic is attributed to absence of ions that are charged in the solution, as
complex lacks the necessary properties to conduct electric current. The
investigation sheds light on the complex’'s non-conductive behavior in solution,
offering valuable insights into its molecular characteristics and enhancing our
understanding of its distinct properties for potential applications in various

scientific endeavors.

Table 3-32 the value of molar conductivity of the solution of the Cr (1ll) complex

Seq. complex A m( ps.cm ™)
1 [Cr(EATDB);] 14.8

3.41 The Stoichiometry of Cr (lll) complex.

It was discovered through the study of paragraphs 3-22 that the chromium
(IIT) complex’s steric structure has a tetrahedral shape and sp® hybridization
because the chromium (II1) tend to form hexagonal complexes more frequently

than four-coordinated complexes.

CH, +1

Figure (3.21): the suggested structure of Chrome (I11) complex
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3.42 Application of Chromium (I111) lon

The concentrations of chromium (IIl) ions in drug sample samples were
determined using the indicated approach. It was based on the percentage of
chromium (111) ions specified in the medication, and the actual results were fairly
close to what was stated in the medications. table (3-33) summarizes the

experiment's findings for chromium (111) ion determination [102].

Table 3-33 Application of the chromium (1) determination.

the present The found Recovery
Pills Manufacturer = Concentration = Absorption | Concentration = percentage Error%o

(ug.mL™) (ug.mL™) %

Chromium

o Madamar 4.00 0.033 3.95 98.75 1.25

Niacin

Chromium

A/Z THORNE 25.0 0.073 24.8 99.23 0.77

Multiway

When the statistical and actual amount of sample compared it was noticed that
the spectrophotometric approach were in good agreement for that The technique
can be used to check the quality of cobalt (I1)-containing pharmaceutical dosage

forms.

3.43 Conclusions

1.Trace amount of Co (Il) and Cr (l1l) ions can be measured using the EATDB

spectrophotometric, which has colored complexes.

2. Because the Lambert-Beer rule is followed, a broad range of concentrations can
be obtained.
3.The stoichiometry for both Co(ll) and Cr (I11) complexes were( 1:2 ) (M:L)
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4.According to the results of the masking agent effect study, Ascorbic Acid
exhibits no influence on the method of determining cobalt ions. Hence, this
effectively employed as masking agent in analytical procedures to counteract
potential interferences and improve the accuracy of cobalt (I1) ion determination.
5. The thermodynamic investigation provided compelling evidence that the
reaction between the reagent's complexes and cobalt (11) as well as chromium (1)
ions is both exothermic and spontaneous. This conclusion is substantiated by the
negative values of AG (Gibbs free energy) and AH (enthalpy) observed at high
temperatures for both complexes. Moreover, at low temperatures, values of AH
and AG that are negative for the Cr (III) in conjunction with reagent further
emphasize the exothermic and spontaneous nature of the reaction. These
thermodynamic behaviors elucidate the underlying energetic aspects of the
complexes' formation and highlight their stability over a broad range of
temperatures, providing valuable insights for future applications and theoretical
considerations in chemical and analytical studies.

6. The comparison of stability constant values between the Cr (11) complex and the
cobalt (II) complex with the reagent (EATDB) indicates that the Cr (lll) complex is
more stable. The higher stability constant of the Cr (lll) complex suggests that it
has a stronger bond and is less prone to dissociation compared to the cobalt (II)
complex with the reagent. This increased stability enhances the feasibility and
reliability of using the reagent (EATDB) for spectrophotometric analysis of
chromium (I11) ions.

7.Through the determination of molar conductivity and charge, it was revealed that
both the Co (I1) and Cr (111) complexes exhibited a lack of charge. This insightful
finding indicates that these complexes do not possess ionic characteristics in their
solutions and maintain an overall neutral state without any net charge. The absence
of charge suggests a non-ionic behavior, which is crucial in understanding the
molecular properties and interactions of these complexes in various solution

environments.
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The high sensitivity of the spectral method was evident from the low R.S.D% and

relative error in percent, showcasing its remarkable precision and accuracy. This

straightforward and efficient method eliminates the need for pre-treatment or

complicated procedures like separation or ion exchange. Its ability to provide

reliable results with minimal error makes it a highly valuable tool for analytical

purposes.

3.44 Recommendations.

1.

The feasibility of utilizing (EATDB) for calculating concentration for
additional ions located at diverse media was investigated. The results
showed that the reagent demonstrated good potential for quantifying various
metal ions in different solutions. The method was found to be sensitive,
accurate, and reliable in determining the concentration of these ions. The
reagent's ability to form stable complexes with different metal ions allowed
for precise measurements across a wide range of media. Overall, the use of
the reagent (EATDB) as a versatile tool for analyzing diverse metal ions

holds promise for various analytical applications.

The creation of new reagent derivatives to enhance the reagent's
characteristics and selectivity, as well as the reagent's application in

estimating other components.

Since the reagent that is synthesized can be consistent with many other ions,

it might be employed to extract various transition elements.

It should keep track of how the created reagent affects biological activity
since azo compounds, which are a key component of limiting biological
activity.
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APPENDIX

Appendixes
1- Statistical treatment.
Calculation of the R.S.D %

Statistical treatment and calculated of RSD% values for Co (I1) ion.

Table (1) calculated of the RSD% of the Co (Il) ion at concentration 1.74x10™M.

Absorbance(Xi) MeanX (xi-X) 3 (xi-x) 2 <D< [ xi-%)2 RS D% — $.D
N-1 X

0.360 -0.001

0.362 0.361 0.001 1.2x10° 1.732x10°3 0.479 %

0.364 0.003

0.361 0.000

0.360 -0.001

Table (2) calculated of the RSD% of cobalt (1) ion at concentration 3.4x10™M

A X i-x 3(xi-x) 2 X S.D

bs | Mean (X) (xi-x) (xi-x) s.p= |ZXiZX2 R.S.D% = —— x 100
(Xi) N-1 X

0.415 -0.005

0.418 | 0.420 0.002 5.4x10° 3.674x10° 0.874 %

0.420 0.00

0.422 0.005

0.425

Table (3) calculated of the RSD% of the Cobalt (Il) ion at concentration 5.1x10™M

g(t?; mean (X) (xi-x) 2(xi-x) 2 <D< W R.S.D% = S%(D . 100
0.427 -0.001

0430 0428 0.002 1.4x10” 1.87x107 0.437 %

0.429 0.001

0.428 0.002

0.430 0.002
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2- Statistical treatment and calculation of %RSD values for chromium (lI11) ion.

Table (4) calculated of the RSD% of the Cr (lll) ion at concentration 1.7x10™*M

v e p— )
Qibs Mean (X) (xi-x) 2(xi-X) Do W R.S.D% = S}_(D . 100
0.164 -0.001
0.167 | 0.165 -0.002  6x10° 1.22x10°3 0.742 %
0.165 0.000
0.165 0.001
0,165 0.000

Table (5) calculated of the RSD% of the Cr (lll) ion at concentration 3.4x10™*M

Abs mean (X) (xi-X) 3(xi-x) S Xi-X)2 o _S:D

Xi S.D= v Ea R.S.D% = X * 100
0.184 -0.001

0.185 0.185 0.000 1.1x10° 1.658x10° 0.896 %

0.185 0.000

0.184 0.001

0.188 0.003

Table (6) calculated of the RSD% of the Cr (lll) ion at concentration 5.1x10*M

Abs mean (X) (xi-x) | X(xi-x) > T (Xi-X)2 o, 3D

Xi SD-= T R.S.D% = X * 100
0.199 0.000

0.198 0.199 0001 Lix10° 1.658x10° 0.833%

0.200 0.001

0.199 0.000

0.201 0.003
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APPENDIX

1- Statistical treatment and calculation of L.O.D values for Co (ll) ion.

Table (7) calculation of the D.L of Co (Il) ion at concentration 0.5 pg.mL™
equal to (8.62x10° M).

Abs Xi

0.028
0.029
0.028
0.027
0.028
0.029
0.027
0.029
0.028
0.027

mean (x')

0.028

(xi-x")

0.000
0.001
0.000
-0.001
0.000
0.001
-0.001
0.001
0.000
-0.001

2 (xi-x')?

6x10°

_|ZXi-X)2
S.D= / o1

8.165x10™

S.D
= *
slope

0.748

2- Statistical treatment and calculation of L.O.D values for Cr (lll) ion

Table (8) calculation of the D.L of Cr (Ill) ion at concentration 0.7 pg.mL™
equal to 1.34x10> M

Abs Xi

0.024
0.023
0.024
0.024
0.024
0.025
0.024
0.024
0.024
0.024

mean (x')

0.024

(xi-x")

0.000
-0.001
0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000

3(xi-x")?

2x10°®
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SD = Y (Xi—X)2
\/ N-1

4.714x10™

S.D
= *
Slope

0.864

3.3

3.3



