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Abstract

This study includes synthesis a new azo derivative (7-((4-(dimethylamino)
phenyl) diazenyl) quinoline-8-ol) (DPDQ) from 8-hydroxy quinoline by nitrogen
method. The reagent was reddish orang powder, and characterized by
spectroscopic methods such as UV-Vis., FT-IR, *HNMR and **CNMR. The new
derivative has a molecular weight (292.1324g/mol).

The melting point was ( 164-166 °C) , it was soluble in many organic solvent
such as carbon tetrachloride, Dimethylformamide, Dimethyl sulfoxide and
chloroform , the reagent has maximum wavelength (Anax=442.5nm) .

The process of extracting liquid-liquid for Cobalt (1) and Iron (II1) ions,
separately, by new azo reagent and Study the possibility of conducting the
sequential separation of the extracted ions. A study has been done to show the
influence of various factors on the distribution ratio (D) and the percentage of
extraction (E %).

The optimum pH for the extraction of Cobalt (1) was (10) and (7) for Iron
(1) , separately. The best period for equilibrium was (10) minute for Cobalt (1)
and (15) minute for Iron (I11), the results showed that Chloroform was the best
solvent of extraction of both.

To evaluate the effect of the presence of cations and anions as common
interfering on the extracting of Cobalt (1) and Iron (I11) ions, individually. The
results indicated that lead to differences in (D) and (E %) values with the existence
of the variable concentration of cations and anions.

The effect of oxidizing and reducing agents also were studied. From the
result for this study the (D) and (E %) decrease by using oxidizing agent and
increase by using reducing agent.

The enrichment extraction technique leads to a decrease in (D) and (E %)
values, the results indicate that a preferred (aqueous/organic) phase ratio in this
study found to be (1:1). This is evident from the sharp increase in the separation
efficiency as well as the distribution ratio of Co (I1) and Fe (111) when phase ratio
(A/O) changed from (25:5) to (5:5) for Co (Il) and Fe (I11), respectively.
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The results also showed that (D) and (E %) values augmented with the increase
of the concentration of Co (I1) and Fe (111) with (DPDQ).

To study the influence of temperature, it was found the values of (D) of Co (I1)
and Fe (I11), decrease by increasing the temperature. The thermodynamic functions
(AS, AG, AH) were calculated, and the results showed that the reaction of [Co
(11)-(DPDQ)] and [Fe (I11) - (DPDQ)] were exothermic (AH= -18.4, -57.258
kJ.mol) respectively.

The ‘salting out’ effect using ammonium chloride, sodium chloride, sodium
sulphate & sodium nitrate salts was study. The study showed that (D) and (E %)
values for these ions were affected by this parameter. The batch extraction
technique enhanced that this technique not effected.

The study of the stoichiometry of the extracted complexes by using three
methods mole ratio method, Job's method (continues change), and
substoichiometric extraction. The results showed that the ratio of Co (1I) and Fe
(1), with reagent was (1:2) & (1:3) respectively.

To use the new reagent (DPDQ) in applications, many samples were used
(hair, Vitamin B12, and drugs samples containing Iron). The result showed that
the reagent gave a good results, (Co (Il) in hair, Vit.B12 is 10.875ug/g,
41.371pug/10mL  respectively) and (Fe (III) is 191pg/5mL, 123ug/5mL
respectively in drug samples used). The reagent was successful in the sequential
separation of cobalt (1) and iron (I11) ions.
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List of svmbols and abbreviation

Symbol Meaning
DPDQ 7-((4-(dimethylamino) phenyl) diazenyl) quinoline-8-ol)
ag. The aqueous phase
Org. The organic phase
D Distribution ratio
E% Percentage of extraction
[ ] Molar concentration
Kb Distribution coefficient
A Absorbance
RSD Relative standard deviation
AG Free energy
AH Enthalpy
AS Entropy
LLE Liquid-liquid extraction
€ Dielectric constant
Amax Maximum wavelength
Cyanex 272 Bis(2,4,4-trimethylpentyl )phosphinic acid
U.S. United state
DMBA Dimethyl Benzyl Amide
IS-RPB laboratory scale Impinging Stream—Rotating Packed Bed
P507 2-ethylhexyl phosphoric acid-2-ethylhexyl ester
TBP/[TFSA] tri-n-butyl phosphate/[ Triethyl-pentyl-phosphonium

bis(trifluoromethyl-sulfonyl)amide]
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Chapter one Introduction

(1-1) Azo dyes

Azo dyes refer to the biggest preparation and syntheses volume of
pigment chemistry. It plays a crucial role in the governance of the dye and printing
market. These pigments synthesized from a simple approach of diazotization and
coupling. Different routes and modifications were made to obtain the desired color
properties[1]. Azo dyes are the most used dyes and account for more than 60 % of
total dyes[2,3]. Approximately 70 % of all the dyes used in industry are azo
dyes[4,5] .

The functional group (-N=N-) uniting two symmetrical and/or asymmetrical
identical or non-azo alkyl or aryl radicals[6]. Characterize these compounds, Azo
dyes are the most important synthetic colorants[7], as well as their harmful effects
on humans and aquatic life, have aroused urgent calls for the treatment of effluents
containing Azo dyes to eliminate them or convert them into useful and safe
products[8,9].

(1-2) Types of Azo Dyes Refer to Azo Grouping Number

Azo dyes are divide according to the number of azo group linkages, which is in
the same molecule of the pigment such as monoazo, diazo, trisazo,
polyazo[10].Figure (1-1) shows some monoazo, diazo and trisazo dyes.

OH

N=N©N=N O SO;Na
QN=N NH,
— 2 on ()
H,
4-(phenyldiazenyl)benzene-1,3-diamine sodium 4-((2,6-dihydroxy-3-(naphthalen-1-

( Chrysoidine ) yldiazenyl)phenyl)diazenyl)naphthalene-1-sulfonate

( Brown dye )

SO;Na
S SR P s
(2 (o NH,
SO;Na

sodium 7-((4-((4-((6-amino-3-sulfonatonaphthalen-2-yl)diazenyl)-6-sulfonatonaphthalen-
1-yl)diazenyl)naphthalen-1-yl)diazenyl)naphthalene-1-sulfonate

( Direct blue 17)

Figure (1-1) shows some monoazo, disazo and trisazo dyes.
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(1-3) Divided of azo dyes according to reactive functional groupings

(1-3-1) Mono and Dichlorotriazine: -

These dyes have a good affinity for cellulose at a temperature of (20—

30 ‘C). The replacement of a single chlorine by the hydroxyl ion or the

cellulosic ion leads to a remarkable decrease in the reactivity of the second

chlorine. In an alkaline medium, the ionization of the hydroxyl group results

in a relocation of the negative charge of the atoms of the triazine ring, while

the chlorine atom is inactivated and the carbon which bonds to the chlorine

becomes less electrophilic[11,12] . Figure (1-2) shows some dyes.

@ N OO SO;Na
o L

sodium 7-(4-chloro-6-((7-((2,4-dinitrocyclopenta-1,3-dien-1-
yl)diazenyl)-8-hydroxy-3,6-disulfonatonaphthalen-1-yl)amino)-
1,3,5-triazin-2-yl)naphthalene-1,3,5-trisulfonate

Cl
N=(

SO;Na OH NH/<I\I /N

©N=N cl

N303S SO3N3

sodium (Z)-5-((4,6-dichloro-1,3,5-triazin-2-
yl)amino)-4-hydroxy-3-((2-
sulfonatophenyl)diazenyl)naphthalene-2,7-
disulfonate

Figure (1-2) Some Mono and Dichlorotriazine Dyes.

(1-3-2)Mono-amino-chlorotriazine:-

It has the same chromophoric groups of dichlorotriazine. It carries an

active chlorine and the group NH,, figure (1-3). These groups are less active

with respect to dichlorotriazine. The link -NH- linking the chromophore and

the reactive group have an influence on the dyeing properties and the

solubility of the dye[6].
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NH>
|
SOLNa oH NH"‘<\
g e W
NaO3zSsS SOszNa

sodium (2Z2)-5-((d-amino-6-chloro-1,3,5-tria=zin-2-
vhamino)-d4-hydroxy-3-((2-
sulfonatophenyl)diazenylDnaphthalene-2,7-
disulfonate

Figure (1-3) Shows Mono-Amino-Chlorotriazine Dye Example.

(1-3-3)Pyrimidines:-
In general, include the di and tri-chorpyrimidine derivatives,

chlorfluoropyrimimidine and fluoropyrimidine derivatives figure (1-4)[6].

Cl
N,
N ~cl
SO;Na ? ¢l SO;Na F
Savee < N be
NaO;S SO3;Na NaO;S

H;CO
sodium 4-hydroxy-3-((2-sulfonatophenyl)diazenyl)-5-
((2,5,6-trichloropyrimidin-4-yl)amino)naphthalene-2,7-

disulfonate
sodium 7-((5-chloro-2,6-difluoropyrimidin-4-

yl)amino)-4-hydroxy-3-((4-methoxy-2-
sulfonatophenyl)diazenyl)naphthalene-2-
sulfonate

Figure (1-4) Shows Pyrimidines Dyes Example.

(1-3-4)Dichloroquinoxaline: -
This type of dye characterized by high reactivity to

dichloropyrimidine dyes, dichlorotriazine dyes, and difluoropyrimidine
dyes [6]. Figure (1-5) show example.
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ic
N
OH NH
SO3Na
SO;Na

NaO3S

sodium 5-(2,3-dichloroquinoxaline-6-carboxamido)-4-hydroxy-3-((2-
sulfonatophenyl)diazenyl)naphthalene-2,7-disulfonate

Figure (1-5) Dichloroquinoxaline Dye Example.
(1-3-5)Bis-mono chlorotriazine: -

This type of dye applied to the cellulosic fiber substrates because
of its better affinity for depletion at a temperature of 80°C, which makes
it possible to obtain a fixation rate between 70 and 80 %. The molecules
of this kind of dye have been characterized by a twifold dimension to its

homo-functional counterpart [6,13] .Figure (1-6) shows example.

SO3 NaO3S
NH, OH
N=N N=N NH
-
NH N SO;N
NaO3S \ />— NEO,S SO4Na _<\N—/< sNa
CI Cl
sodium 4-amino-3,6-bis((5-((4-chloro-6-((3-sulfonatophenyl)amino)-1,3,5-triazin-2-yl)amino)-2-
sulfonatophenyl)diazenyl)-5-hydroxynaphthalene-2,7-disulfonate

Figure (1-6) Bis-Mono Chlorotriazine Dye Example
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(1-3-6) Bis-amino nicotinotriazine: -
These dyes obtained by a substitution reaction of the chlorine in the

triazine ring by a carboxy pyridine acid, figure (1-7). The application
temperature at depletion is higher than boiling in a neutral medium and can

also be applied at 80 ‘C at pH = 11 as in the case of mono chlorotriazine[6].

OOC\(ﬁ m/COo.
N

N+
N2
| |
SO;3Na OHHN)\\N)\NH—Q—NH)\\N NH OH NaO,;S

Simse i

NaO3;S SO;Na SOzNa

sodium 1-(4-((4-((4-(3-carboxylatopyridin-1-ium-1-yl)-6-((8-hydroxy-3,6-disulfonato-7-(( Z)-(2-
sulfonatophenyl)diazenyl)naphthalen-1-yl)amino)-1,3,5-triazin-2-yl)amino)phenyl)amino)-6-((8-hydroxy-3,6-
disulfonato-7-((Z)-(2-sulfonatophenyl)diazenyl)naphthalen-1-yl)amino)-1,3,5-triazin-2-yl)pyridin-1-ium-3-
carboxylate

Figure (1-7) Bis-amino nicotinotriazine dye example.

(1-3-7)Monochlorotriazine —sulphatoethylsulphone:-
The Monochlorotriazine-sulphatoethylsulfone can be synthesized by

the reaction of dichlorotriazine with the aryl amine containing the

sulphatoethylsulfone group[14].

X
N °N
)\\NJ\NH
SO3Na OH HN
©/N:N SOZC2H4OSO3Na
NaO3;S SO3Na

sodium -2-((3-((4-chloro-6-((8-hydroxy-3,6-disulfonato-7-((2-
sulfonatophenyl)diazenyl)naphthalen-1-yl)amino)-1,3,5-triazin-2-
yhamino)phenyl)sulfonyl)ethyl sulfate

Figure (1-8) Monochlorotriazine —sulphatoethylsulphone dye example.
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(1-4) Azo Dyes Properties:-

Azo compounds and their derivatives are among the most widely used
reagents, as these compounds are characterized by high stability, speed of reaction
with metal ions, the severity of sensitivity, and very high selectivity, and the reason
for this high stability is the presence of the Azo bridge group (-N = N-).

Azo-cyclic compounds are preferred over non-cyclic compounds due to
their remarkable color, stability, sublimity, and strong coloration. In addition, the
heterocyclic ring gives pigments that are of great importance due to their high
absorption during coating and is considered environmentally friendly [15, 16].

Azo dyes possess a group of optical properties and physical properties
where they can remain stable in many different conditions. Azo dyes have been
used in optical treatments due to the luminosity property due to light absorption
and also these dyes can be effective in the infrared region which is excellent in the
pharmaceutical industry [17, 18].

Azo dyes have the ability to absorb in the ultraviolet region where Azo
compounds can be used in a wide variety of optical applications such as optical
storage, optical recognition, signal processing, optical modulators, holographic
and nonlinear optical devices as well as in various types of multi-use optical
devices [19-21]. In recent years, Azo compounds have entered many electronic
applications including the manufacture of electronic absorbable chips and other
electronic manufacturing [22].

Azo compounds act as corrosion inhibitors, which are used frequently due
to their low costs. It has also been found that the inhibition effect is influenced by
some of the physical and chemical properties of the organic inhibitor related to
their functional groups, the structural effects of the reagent, the electron density

on the donor of atoms and the orbital nature of the donated electrons[23].
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Azo compounds have both emission and absorption properties; therefore, they
have entered many industries, including the manufacture of laser pigments [24—
26].

(1-5) Preparation of Azo Dyes[27]:-

The azo dyes are prepared in two steps: The first step is called a diazotization
of the basic aromatic amine with sodium nitrite in an acidic mineral medium (HCI,
H,SO,, etc.), using an aqueous solution of sodium nitrite and acid at low
temperatures (0 — 5 "C)to give easily soluble salts in water called diazonium salts.

, @s shown in the following chemical equations.

(0-5)°C

HCl + NaNO, HONO
R-NH 0-5)°C - .
2 + HCI + NaNO, R-N;"CI'———> N, T + Mixture

Ar-NH; + HCI +NaNO,—09°C A N=N*CI” + NaCl + 2H,0

HNO,
diazatization

Ar—H
Ar—NH, > Ar—N=N—Ar

> Ar—N," , -
coupling reaction

Scheme (1- 1) Preparing Azo Dyes

The second step: the coupling step (synthesis of azo dyes),which included
the conjugation of the aromatic diazonium ion with active aromatic compounds in
alkaline conditions, where the diaziume salt loses a halogen atom, such as chlorine,
with an active hydrogen atom in another aromatic compound (phenols and amines)

in the form of hydrochloric acid, as shown in the previous diagram.
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(1-6)Cobalt and Iron founded and uses:
(1-6-1) Cobalt:-

Pure Cobalt is a steel-gray, shiny, hard metal and has a molecular weight of
58.933 g/mol. Cobalt metal that is commonly used in various metal alloys is in the
ground state (zero valence state), and it's compounds occur in two predominant
oxidation states (2* and 3%). While Co (1) and Co (lI11) are the common oxidation
states, Co (Il) is far more stable in normal aqueous conditions; Co (I11) may be
stabilized by changing the reagent environment , Cobalt is present in its 2* valence
state in most commercially available Cobalt compounds and in the environment.
Currently available data indicate that implant derived from Cobalt -containing
metal prosthesis exists primarily in the Co?" oxidation state. While Co*" is
thermodynamically unstable under typical redox and pH conditions, the
interconversion between Co?*& Co®" is important in the biological reactions of
vitamin B, [28].

Cobalt is a hard ferromagnetic, silver-white, hard, lustrous, brittle element.
It is a member of group VIII of the periodic table. Like Iron, it can be magnetized.
It is similar to Iron and nickel in its physical properties. The element is active
chemically, forming many compounds. Cobalt is stable in air and unaffected by

water, but is slowly attacked by dilute acids[29].

Cobalt is found in the minerals cobaltite, smaltite, and erythrite, and is
predominately linked with nickel, silver, lead, copper, and Iron ores, from which
it is most repeatedly acquired as an after-effect. It is also ready in meteorites.
Essential ore deposits are, establish in Zaire, Morocco, and Canada. The U.S.

Geological Survey has declared that the undermost of the north-central Pacific
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environment may have cobalt-rich deposits at comparatively surface depths in the

water close to the Hawaiian Islands and other U.S. Pacific territories [29] .

Cobalt is an essential element for living organisms as a component of
vitamin B2, which plays an important role for the production of red blood cells
and the prevention of pernicious anemia[28]. Insufficient levels of cobalt causes
several diseases such as anemia, metabolic disorders, retarded growth and
degeneration of nerve cells[30,31]. On the other hand, when it is taken in excessive
amounts, this element has been reported as toxic causing goiter, vomiting,
diarrhea, increased blood pressure, slowed respiration, giddiness, tinnitus,

deafness due to nerve damage and cardiomyopathy[30].

It is mixed with Iron, nickel, and other metals to produce Alnico, an alloy of,
the uncommon magnetic force with much substantial use. Satellite alloys included
cobalt, chromium, and tungsten, utilized for high-speed, strong, high-temperature,
harvesting material. Cobalt is also hired in other magnetic steels & stainless steels
and in alloys used in jet turbines and gas Cobalt turbine dynamo. The mineral is
used in electroplating because of its aspect, solidity, and, impedance to oxidation.
The salts were used for centuries to make bright and regular blue colors in
porcelain, glass, pottery, tiles. It is the master component in Sevre's and the nard’s
blue. A solution of the chloride used as a sympathetic ink. Cobalt accurately used
in the form of chloride, sulfate, acetate, or nitrate has been established active in

mend a confirmed, metal insufficiency disease in animals[29].
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(1-6-2) Iron:-
Iron is a chemical element with Fe as its symbol. It belongs to group 8,

periodic number 4 of the periodic table. Its atomic number is 26. Iron metal is
greyish in appearance, and is very ductile and malleable. It begins to rust in damp
air and at elevated temperatures, but not in dry air. It dissolves readily in dilute

acids, and is chemically active .

Iron is a comparatively considerable element in the world. It is found in
the sun and many kinds of stars in large amounts. Its nuclei are very, constant. Iron
IS a major component of a meteorite portion known as siderites and is a secondary
constituent of the other two meteorite portions. The core of the earth — 2150 miles
in radius thought to be in general collected of Iron together about 10% hydrogen.
Metal is the fourth most abundant element, by weight, which industrializes the
crust of the earth. The most collective ore is hematite, which is frequently seen as

black sands along beaches and banks of streams[29].

Iron is a vital constituent of plant and animal life and appears in hemoglobin.
Taconite is becoming increasingly important as a commercial ore. The pure metal
is not often. Iron encountered in commerce, but usually alloyed with carbon or
other metals. Iron is a lustrous, ductile, malleable, silver-gray metal (group VI1II
of the periodic table). It known to exist in four distinct crystalline forms. Iron rusts
in damp air, but not in dry air. It dissolves readily in dilute acids. Iron is chemically
active and forms two major series of chemical compounds, the bivalent Iron (11),

or ferrous, compounds and the trivalent Iron (I11), or ferric, compounds[32].

10
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Iron is the most used of all the metals, including 95 % of all the metal tonnage
produced worldwide. Thanks to the combination of low cost and high strength, it
is indispensable. Its applications go from food containers to family cars, from
screwdrivers to washing machines, from cargo ships to paper staples. Steel is the
best known alloy of Iron, and some of the forms that Iron takes include: pig Iron,

cast Iron, carbon steel, wrought Iron, alloy steels, Iron oxides[33,34].

Iron believed to be the tenth most abundant element in the universe. Iron also
the most abundant (by mass, 34.6%) element making up the Earth; the
concentration of Iron in the various layers of the Earth ranges from high at the
inner core to about 5% in the outer crust. Most of this Iron found in various Iron
oxides, such as the minerals hematite, magnetite, and taconite. The earth's core
believed to consist largely of a metallic Iron-nickel alloy. Iron is essential to almost

living things, from microorganisms to humans[35].

A more common problem for humans is Iron deficiency, which leads to
anemia. A man needs an average daily intake 7 mg of Iron and a woman 11 mg ;

a normal diet will generally provide all that is needed [36] .

(1-7) Solvent extraction

Solvent extraction is a mature technique in that extensive experience has led
to a good understanding of the fundamental chemical reactions. At the same time,
compared to many other chemical separation processes like precipitation,
distillation, or pyro metallurgical treatment. New reagents continually developed,
spurred on by computer modeling, and efficient contacting equipment is coming

into use.

11
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Considering such factors as demands for higher product purity, less pollution,
and the need for recovering substances from more complex matrices and more
dilute resources, the efficiency and high selectivity of solvent extraction should
make it an increasingly competitive separation process both in research and in
Industry[37].

The term solvent extraction refers to the distribution of a solute between two
immiscible liquid phases in contact with each other, a two-phase distribution of a
solute. Selective transport of mater in micro amounts to macro quantities between
two solvent that don't immiscible; extraction based on differences in solubility;

selectivity achieved by acidity control and complex formation[38].

It can described as a technique, resting on a strong scientific foundation.
Scientists and engineers are concerned with the extent and dynamics of the
distribution of different solutes - organic or inorganic and its use scientifically and

industrially for separation of solute mixtures[37].

Liquid-liquid extraction as defined above is a two-phase ternary system; it

therefore follows from Gibb's phase rule, namely (1-1):-

P+V=C+2 ...(1-1)

Where P is the number of phases, V the number of degree of freedom, and C the
number of components, that at constant temperature and pressure, a three-
component system has only one degree of freedom .Thus if the concentration of
the solute in one phase is constant, the concentration of the solute in other phase

is also fixed. According to the distribution, law proposed by Berthlot and Jung

12
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fleisch and developed by Nernst[39].Nernst distribution isotherm which derived

as:
Chemical potentials of species A in organic and aqueous phases are represented

by equation (1-2) and (1-3)

M1 =M1°+RTIn[Alo ... (1-2)
Mo = L2° + RT In [Alag ... (1-3)
When the distribution equilibrium is attained, p1 = w2 is held, and the next
relation is derived as (1-4)
[Alo/ [Alag = exp {(12°- 11°)/ RT} = Kp ... (1-4)
Where

Ko is the distribution constant or the partition coefficient.

M1, M2 : The chemical potential of solute A in organic
and aqueous phase

1% 1% The standard chemical potential of solute A in

organic and aqueous phase

[Alo, [Alag: The molar concentration of solute A in

organic and aqueous phase
T: Absolute temperature

R: Gas constant

13



Chapter one Introduction

(1-8) Principle of Extraction

Extraction or separation of dissolved chemical component X from liquid
phase A is accomplished by bringing the liquid solution of X into contact with a
second phase, B, given that phases A and B are immiscible. Phase B may be a
solid, liquid, gas, or supercritical fluid. A distribution of the component between
the immiscible phases occurs. After the analyte is distributed between the two
phases, the extracted analyte is released and/or recovered from phase B for
subsequent extraction procedures or for instrumental analysis. The theory of

chemical equilibrium leads us to describe the reversible distribution reaction as

Xa = Xg......... (1-5)

and the equilibrium constant expression, referred to as the Nernst distribution

law(1), is

Where the brackets denote the concentration of X in each phase at constant
temperature (or the activity of X for non-ideal solutions). By convention, the
concentration extracted into phase B appears in the numerator of equation (1-6).
The equilibrium constant is independent of the rate at which it was achieved. The
analysts function is to optimize extracting conditions so that the distribution of
solute between phases lies far to the right in equation (1-5) and the resulting value
of KD is large, indicating a high degree of extraction from phase A into phase B.
Conversely, if KD is small, less chemical X transferred from phase A into phase

B. If KD is equal to 1, Equivalent concentrations exist in each phase[40].

14
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A separation can made more efficient by adjustment of the proportions of
organic and aqueous phases. The optimum ratio for the best separation is

given by the Bush-Densen equation (1-7) [38]

Vo/Vaq = (1/DaDg) *.......... (1-7)

(1-9) The Percent of Extraction

The Percent of extraction depends on the values of D and on the comparative

volumes of the solvents[38]. The percentage of separation in equation (1-8)

E% = 100D / [D + (Vag/Vo)]........... (1-8)

Where V4 and V, are the volumes of the aqueous and organic phases

respectively (1-9), or

100D

0f = -
E% = gy e (1-9)

When the volume of solvents is equal. If the distribution ratio is large (>102),
one extraction process may affect the virtually quantitative transport of the solute,
while with smaller values of D more than one process of separation will be done.
The quantity of solute that remains in the water phase readily studied for any times
of separation with similar volumes of solvent that are immiscible from the

equation (1-10)

(Caq)n :Caq[Vaq/(DVo+Vaq)]n .......... (1'10)

15
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When (C aqg)n is the contain of solute reduced in the water layer, volume V aq
after n separation with volumes Vo of the organic layer, and C aq is the contain of
solute primarily existent in the water layer. If the amount of D is known, equation

(1-10) is helpful for calculating the optimum conditions for transport quantity[38].

(1-10) Extraction method [38]

The requisite matter for a salute to being separate from an aquatic solution
Is that it must be don't has a charge or can form a fraction of an uncharged ionic
overall. Charge neutrality decreases the electrostatic reaction between the matter
and water and hence lowers its aquatic solubility. Separation into a nonpolar
organic solvent occurs if the kind not hydrated, or if mad coordinating groups such
as big organic molecules simply separate the coordinated water. There are three

kinds of chemical compounds, which can fulfill one or more of these requirements:

(1) Covalent, neutral molecules e.g. iodine, germanium tetrachloride and benzoic
acid.

(2) Uncharged reagent e.g. mineral complex of acetylacetone, 8hydroxyquinoline,
diphenylthiocarbazone, etc.

(3) lon-combination group e.g. (CsHsCHy)sNH*, GaCl,, Fe(O-phenanthroline)s;*?
, 2C104, [(C2Hs)20]:H* , FeCly-

The division of all three kinds must conform to the Nernst equation, however,
in most cases; the focus of separated forms affected by chemical balance including
them and other components of the system. This should be occupied with

calculation when determining the best conditions for quantitative separation.

16



Chapter one Introduction

(1-11) Extraction systems [38]

Batch separation is the simple and ultimate useful method, the two-layer
being shaken with each other in a separatory funnel until the balance is reached
and then allowed to break into two phases. If (D) values are large, a solute possibly
transports quantitatively in one separate, on the other hand, several may be,
requisite. If multi extractions are wanted, it is useful to be solvent density more
than water, e.g. carbon tetrachloride or chloroform, so that the water layer can

remain in the separatory funnel while the procedure is complete.

Continued separation consists of distilling the organic solvent from a reservoir
flask, condensing it, and allow it to pass into the aquatic layer previously retreat to
the reservoir flask to be recycled. The process is especially helpful when the (D)
values are small (D < 1), and wherever the number of batch separation required

for quantitative transport would be inconveniently large.

Disconnected countercurrent apportionment is a process devised by Craig
that enables matter with the same (D) values to extract. The process involves a
chain of single separate perfect spontaneously in specially designed systems. This
consists of multi-times (50 or more) corresponding interlocking glass extraction
units mounted in a frame that is rocked and titled automatically to mix and extract
the layer during each extraction stage. At first, the same volumes of the extracting
solvent, which must be the heavier phase, placed in either of the extraction units.
This can be named the stationary phase as each part remains in the same unit

anywhere the steps.
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(1-12) Selection of solvents [41]

The selectivity and efficiency of LLE is critically governed by the choice of
the two immiscible solvents. Often the organic solvent for LLE is chosen because
of its:

1- Low solubility in the aqueous phase (typically <10%).
2- High volatility for solvent evaporation in the concentration stage.

3- High purity (directly linked to the solvent evaporation process) which could
pre-concentrate any impurities within the solvent.

4- Compatibility with the choice of chromatographic analysis.

5- Polarity and hydrogen-bonding properties that can enhance compound recovery

in the organic phase.

(1-13)Sequential extraction:-

In order to separate more, carefully labile (inorganic and organic) from
remained phases and to allow more insight into particulate speciation, a
sequential extraction method has been advanced. These processes are set up on
a combination of fixed separation often used by soil scientists. Sequential
separation technique may also be used, together with in situ and in vitro studies
of commutation processes, to supply useful data for layout the hazards resulting
from the pollution of aqueous residue. Such models require information on
conditional engaged constants. Sequential separation methods are a perfect tool
for the fulfillment of the processes responsible for the lessening in particulate
trace metal, concentricity observed in different estuaries for many transition
metals[42].

18
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To determine the fractions of the elements, a sequential extraction method
was used[43] , However, various complicated sequential extraction procedures
were used to provide more detailed information regarding different metal phase
associations[44].

A novel sequential extraction method for evaluation of the mobilization
behavior of rare earth elements in soils and mine tailings materials is presented
, was studied[45].

Neng-min Zhu, etal , 2018 [46], were applied a sequential extraction
analysis to Pb (I1) recovery by zerovalent Iron-based particles, was a surface-

mediated process and more than 85% of recovered Pb (1) was immobilized.

Sequential extraction of U (VI), Eu (I11) and Am (I11) has been performed
from acidic aqueous solutions (HNOj3, HCIO,) into the ionic liquid and UV—
Vis spectroscopy measurements were performed to characterize the extracted
species[47].

(1-14)Substoichiometric extraction:-

Substoichiometric extraction of metals involve the use of chelating agent, the
quantity of which is so chosen as to extract only a part of the metal present. The
rapidity, simplicity and high selectivity of this method make it very attractive[48].

Substoichiometric radiochemical solvent extraction method using a newly
designed organic moiety, N-thioacetylbenzamide as extractant and chloroform as

solvent at aqueous pH=4 has been successfully to extracted gold[49].
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Determination of Iron (l1l) by substoichiometric extraction with 2-
methyloxine into n-butanol is being reported. The method has been applied for the
determination of the metal in several analyzed samples like Mn-bronze, Al-bronze
and dolomite[50].

A rapid and sensitive substoichiometric radiochemical procedure has
developed for the extraction of cobalt with potassium salts of ethyl, propyl, butyl,
pentyl and benzyl xanthates. The relative extractabilities of the cobalt-xanthate
complexes into chloroform and carbon tetrachloride studied. Substoichiometric
quantification methods were developed in each case and utilized to determine the

cobalt content present in standard solutions as well as biological samples[51].

(1-15)Literature review

The most important methods for separating metals based on extraction.
Manganese, cobalt, nickel and lithium were extracted by solvent extraction
fractionation from Lithium-ion batteries[52].A simple and fast method for the
determination of cobalt in vitamin B1, and water samples was based on the pre
concentration of the element using dispersive liquid-liquid micro extraction and
subsequent detection by digital image calorimetry[53]. Zinc(ll), Copper(ll),
Cadmium(Il), Mercury(11) and Cobalt(Il) were extracted by solid phase extraction
using Azo-Dye Functionalized Resin[54]. In 2018, Elnaz Koosha ,etal[55], studied
a rapid and selective technique for extraction, pre concentration and determination
of trace amounts of cobalt in water and pharmaceutical samples by air-assisted
liquid—liquid micro extraction combined with flame atomic absorption
spectrometry is proposed, 1-Nitroso-2-naphthol is used as a complexing agent and

1- octanol as an extraction solvent.
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Liquid phase micro extraction had been propose for the determination of
cobalt in egg yolk and Vitamin B, at trace levels. N, N-Dimethyl benzyl amide
used as a switchable solvent and converted to protonated DMBA form by the
addition of dry ice. Cobalt was complexed with 1, 5- diphenyl carbazone and
extracted into the DMBA phase[56].

Cobalt (1) forms well chloroform-extractable ternary complex with -4-(2-
pyridylazo) resorcinol and Nitron. The complex could be regarded as an ion

associate between an intensively colored anion [57].

After pinpoint all optimum conditions for extraction Cobalt (II) as ion pair
association complex or chelated complex with complexing agent 1-[2-pyridyl
azo] -2-naphthol which , dimonirtrate Amax fOr complex extracted was (446nm.)
more stable complex formation was at pH= 7 and 60ug Co(II)/5ml with (1x10M)
1-[2-pyridyl azo] -2-naphthol dissolved in chloroform and shaking time is 10

minutes[58].

Hongyan Chen ,etal , 2018[59] , were separated Cobalt(l1) and Nickel(ll) by
solvent extraction with trihexyl (tetradecyl) phosphonium chloride , This work
successfully applies the flowsheet model to replicate the reported experiments.
Single-stage batch extraction and multistage continuous extraction using ionic
liquid to separate cobalt and nickel are simulated and the predictions shown to be

in good agreement with experimental results.

Solvent extraction and separation of Cobalt(ll) from Ni-rich leaching
solution , the extraction and separation of cobalt and nickel from impurities-free
chloride leaching solution was investigated in 1S-RPB using P507 as the extractant
diluted by kerosene[60].
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Lihua Zhang , etal. , 2017 [61] ,were studied liquid-liquid extraction for the
separation of Co (1) from Ni (1) with Cyanex 272 Using a pilot scale re-entrance
flow micro reactor , in this study they found the micro reactor was be very effective
in liquid-liquid extraction and separation processes and allowed using a wide
range of flow rates up to 9 I/h . With high flow rates, the residence time could be
minimized to achieve a high throughput with no decrease in extraction and

separation efficiency.

Carlos A. Nogueira ,etal., 2009[62], reported a new solvent-extraction
process for the separation of cadmium, cobalt: and nickel in sulphate solutions

coming from the hydrometallurgical processing of spent Ni-Cd batteries.

Recovery of Cobalt from waste mobile phone batteries, by leaching with
sulfuric acid and hydrogen peroxide was carried out with subsequent selective

separation of cobalt by means of liquid-liquid extraction[63].

Liquid-liquid extraction of Cobalt (1) and Zinc (I1) from aqueous solutions
using novel ionic liquids as an extractant, was studied by Aneta L.ukomska , etal.,
2020 [64] , extraction efficiencies of Co (1) and Zn (1) from aqueous phase with
new ionic liquids in comparison that already studied in literature , but without
addition of acids and at low temperatures are presented, thus, the new,

environmental-friendly method of extraction of metal ions is proposed.

A novel ammonium, benzyldimethyloctadecylammonium bis (2,4,4-
trimethylpentyl)phosphinate.didecyldimethylammonium  saccharinate,  and
didecyldimethylammonium acesulfamate. were synthesized and used for this

extraction.
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On other hand, a selective and sensitive solvent extraction with p-
methylphenyl thiourea system was present, the selectivity of the separation and
determination of Osmium (VII1), Ruthenium (I11), and Iron (I1) from synthetic
mixtures. The separation of these metal ions was resolved by taking advantage of
different acid concentrations[65]. The mode of action of Iron(lll) uptake from
sulfate solutions by the commercial extractant Cyanex 272, bis (2,4,4
trimethylpentyl)phosphinic acid, has been studied using conventional solvent

extraction methods[66].

Iron(ll1) was extracted and determined with schiffbase 2-[(2-

hydroxyphenylimino( methyl]-4-nitrophenol , extracts Fe (Ill) quantitatively
(99.95%) into chloroform from an aqueous solution of pH range 4.0-6.0[67]

To recovery of Iron from Electric Arc Furnace smelter slags via hydrochloric
acid leaching and solvent extraction was investigated with a view to developing a
simple hydrometallurgical route for the recovery of Iron from secondary sources

such as smelter slags[68].

Iron (111) ion removal from aluminum solutions to explore the basic data for
the recovery of aluminum resources from coal spoil. Fe removal was greater than
97% under the conditions of reaction time exceeding 20 min, initial aqueous pH
of 1.5-2, 1:1 phase ratio, and room temperature[69]. Removal of Iron and Boron
by solvent extraction with ionic liquids and recovery of neodymium metal by
direct electrodeposition, in this study, the mechanism of Fe3* ion extraction was
investigated in the TBP/[P2225][TFSA] system. According to the performed
analysis, the Fe3* extraction is based on cation exchange with ionic liquids[70].
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Methyl Isobutyl Ketone and Methyl Phenyl Ketone presented as suitable
agents for extraction of Fe (I11) from concentrated hydrochloric acid solutions. The
maximum removal percentages of Iron (I11) ions using both solvents achieved
within the first 20 min. The removal percentages of Fe (I11) ions increase sharply

by increasing solvent ratios up to 14 %[71].

The oximes of 1-(2-pyridyl) tridekane-1-one and (1 -4) -pyridyl) tridecane-1-
one were used as model hydrophobic extractant for Iron (I11) from a chloride
media. Both studied pyridyl ketoximes have the ability to extract Iron (I11) from
chloride solutions. The highest degree of Iron (I11) extraction was observed for 1-
(2-pyridyl) tridecane-1-one oxime. During extraction with 4-pyridyl ketoxime, a
precipitated complex was observed, which has a disadvantageous effect for the
extraction process[72].Extraction technology of Fe(lll) is important to the low
grade ferrous ore processing and decontamination of industrial products such as
waste printed circuit boards. The performance of extraction and stripping of Fe
(IIT) from hydrochloric acid with N,N,N’,N’-tetra-2-ethylhexyldiglycolamide in
different diluents was studied in order to understand the relationship between the

nature of the diluents and their extraction of Fe (111)[73].

Use of N,N-tetra substituted malonamides such as N,N-dimethyl-N,N-
diphenylmalonamide and N,N-dimethyl-N,N- diphenyl tetra decyl malon amide
for the extraction of Iron (111) from acid chloride solutions is investigated, in order
to evaluate the possibility of using this family of compounds to extract base metal
cations, Therefore, for these two systems, the chemical structure of the
malonamide derivative directly affects the type of the metal ion transfer reactions

from the aqueous to the organic phase[74].
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(1-16)The aim of study:-

The aim of this study are to:-

1. Synthesis a new azo reagent that use to development the extraction
process of metal ions. Where synthesis the reagent derivative (7-((4-
(dimethylamino) phenyl) diazenyl) quinoline-8-ol) that symbolizes
(DPDQ), and characterized by spectroscopic methods (UV-Vis., FT-
IR, HNMR and *CNMR).

2. Development a liquid — liquid extraction process by this new reagent
to extraction Cobalt (1) and Iron (I11) ions from aqueous solutions,
in addition, Study the sequential extraction of Cobalt (I1) and Iron
(1) ions .

3. Study the optimum conditions for extraction process , that
represented by factors effected on distribution ratio and the
percentage of extraction , on the extract of Co (I1) and Fe (1) ions
from aqueous solution , such as acidity of medium , time of shaking
, concentration of ion , temperature , polar of solvent that use in
extraction , etc.

4. Study the stoichiometry of extracted complexes by using Jobs
method, molar ratio and substoichiometric method, and calculate the
stability of extracted complexes and determined the stereo shape for
it.

5. Calculation the thermodynamic functions for the extracted
complexes.

6. Preparation of the two solid complexes for Co (I1) and Fe (I11I) ions
with the new reagent.

7. Study development of a new method for determining the
concentration of Co (I1) and Fe (1) ions in the organic phase.

8. Applied the development method of extraction on biological and
drug samples.
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(2-1) Apparatus:
The apparatus that used in this study listed in table (2-1).
Table (2-1) Apparatus used.
No. | Instrument name Type & origin The work Place
: University of
Sartorius :
1.| Digital balance BS-210 Wight the Kerbala -
(Germany ) materials coII_ege of
Science
University of
Double beam UV- Cecil 7200, Record Kerbalay—
2. visible electronic
(England). college of
spectrophotometer spectrum .
Science
University of
3 FT-IR 8400, Shamadzu, | Record FT- Kerbala —
" | spectrophotometer (Japan) IR spectrums | college of
Science
5975C VL MSD
4 Mass with Tripe-Axis | Record mass (Iran)
"| spectrophotometer | Detector(Agilent | spectrums
Technologies)
University of
5 | Molar conductivity W;\:)\{;i?O- Record Kerbala —
' meter ' conductivity | college of
(Germany). .
Science
Record
6 NMR (VARIAN) , 500 'HNMR (Iran)
"| spectrophotometer MHZ LCNMR
spectrums
University of
7. pH-Meter Hanna, (Italy) Adjust pH Kerbala -
’ college of
Science
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University of

Gemmy Orbit Kerbala
8. Shaker VRN-480 Shaking
(England) college of
9 Science
: University of
Slng_l e_ beam Record the Kerbala —
Q. visible Sp-300(Japan)
absorbance college of
spectrophotometer .
Science
University of
10. Tempe_rature BS-11, (Korea) Temperature | Kerbala —
control circulator controller college of
Science

(2-2) Reagent and chemical materials used

The chemical materials in this study shown in table (2-1).

Table (2-2) the chemical materials used in this study

Name Chemical DUt Molecular Manufactured
structure Y1 Wight (g/mol) | by companies
74.12
1-Butanol C4H100 98.0% ( Merck)
60.10
1-propanol C3HsO 99.0% ( Merck)
60.10
2-propanol CsHgO 98.0% ( Merck)
4-Amino-N, N- 209.12
dimethylanilindihydro CsH1aNCl 98.0% ( Merck)
chloride
o 145.16
8-hydroxyquinoline CyoH;NO 98.0% (Fluka)
58.08
Acetone CsHgO 98.0% ( Merck)
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41.05
Acetonitrile C,H3N 98.0% (BDH)
53.49
Ammonium chloride NH,CI 98.0% (Fluka)
i 76.12
Ammonium NH.SCN 99% (BDH)
thiocyanate
88.15
Amyl alcohol CsH1,0 98.0% ( Merck)
176.12
Ascorbic acid CsHsOs 99.5% (Carlo Erba)
78.11
Benzene CsHs 98.0% (BDH)
' ' : 308.47
Cadmium nitrate tetra | Cd(NOs3), -4H,0 99.0% (Fluka)
hydrate
153.82
Carbon tetrachloride CCl, 99.8% (BDH)
119.38
Chloroform CHCl; 99.5 % (GCO)
Chromium(l11) nitrate . 400.15
nona hydrate Cr(NO3)3.9H,0 99.0% (Fluka)
Cobaltous nitrate hex 291.04
0
hydrate Co(NOs),.6H,0 | 99.5% (BDH)
Copper(ll) nitrate o 232.59
hydrate Cu(NOs3), 99.0% (Fluka)
84.93
Dichloromethane CH,Cl, 98.0% (BDH)
73.09
DMF CsH/NO 98.0% (BDH)
78.13
DMSO C2HsOS 98.0% ( Merck)
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46.07
Ethanol C,HsOH Absolute (GCO)
88.11
Ethyl acetate C4Hs0O, 96.0% (BDH)
Ferric nitrate 404.00
0,
nonahydrate Fe(NO3)3.9H,0 99.0% (BDH)
Hydrochloric acid HCl Anal 3646 Th Bak
ydrochloric aci 3706 W% nalar (Thomas Baker)
: 34.01
Hydrogen peroxide H,0; 98.0% (GCC)
: 331.20
Lead nitrate Pb(NO3), 99.0% (BDH)
Mercuric nitrate 342.16
0
hydrate Hg(NOs)2.H0 99.0% (BDH)
32.04
Methanol CH,O 98.0% (BDH)
86.18
n-Hexane CsHi4 98.0% (BDH)
Nickel nitrate hexa ) 290.81
0
hydrate Ni(NO3),.6H,0 99.5% (BDH)
o HNO; 63.01
Nitric acid 65% W/V% Analar (Fluka)
Potassium bromide KBr 99.0% 119.01 ( Merck )
Potassium carbonate K2COs 99.0% 138.21 ( Merck)
: 194.20
Potassium chromate K2CrO4 99.0% (Fluka)
: : 294.19
Potassium dichromate K2Cr,07 99.5% (Fluka)
. 214.00
Potassium iodate KIO; 99.0% (Fluka)
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_ 174.27
Potassium sulphate K,SO4 99.5% ( Merck)
: . 97.18
Potassium thiocnate KSCN 99.0% (Fluka)
: : 169.88
Silver nitrate AgNO; 99.0% (Fluka)
- : 58.44
Sodium chloride NaCl 98.0% (Fluka)
: : 40.00
Sodium hydroxide NaOH 99.0% ( Merck)
: : 84.99
Sodium nitrate NaNOs 99.0% (Fluka)
: _ 69.00
Sodium nitrite NaNO; 98.0% (Fluka)
_ 142.04
Sodium sulphate Na;SO4 99.0% (Fluka)
: : 211.63
Strontium nitrate Sr(NO3), 99.0% (Fluka)
: : 225.63
Tin chloride hydrated SnCl,.2H,0 99.0% ( Merck)
92.14
Toluene C7Hs 98.0% (Fluka)
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(2-3) Preparation of the reagent (DPDQ).

Preparation of reagent (7-((4-(dimethylamino) phenyl) diazenyl)
quinoline-8-ol) from diazonium salt pairs of the(4-Amino-N,N-
dimethylanilindihydrochloride) with (8-hydroxyquinoline) in an alcoholic
medium by dissolving (2.0912 g, 0.01 mol) of 4-Amino-N,N-
dimethylanilindihydrochloride in a solution obtained by mixing (2 mL) of
concentrated hydrochloric acid with (25 mL) deionized water. (0.69 g, 0.01
mol ) of sodium nitrite dissolved in (10 mL) of deionized water drop by drop ,
stirring keep the temperature below 5 'C , and left the solution stile for (30
minutes) to complete the a zonation process and obtain a solution of diazonium
chloride. This salt solution added slowly with continuous stirring to a solution
(1.4516 g ,0.01mol) from 8-hydroxyquinoline that dissolved in a mixture of (
25 mL) of ethanol and (15mL) of sodium hydroxide (2.5M) , was observed to

discolor the solution in a reddish orange color .

The solution was left over night ,and modified the acidic function to
(pH=5-6) to obtain reddish orange precipitate .The precipitate was filtrated and
washed with deionized water to remove the sodium chloride that produced from
the pairs and neutralization process ,and it dried and recrystallization from ethyl

alcohol [75] , the yield was 75%.
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(2-4) Determination of the lonization Constant of the Reagent
(DPDQ): -

The value of the dissociation constant is determinate for the reagent
(DPDQ) mentioned above and the range of the acidic function ranged between
(pH =2-12). Where a set of volumetric flask of (5ml) capacity was taken and
each of them contained (2.5 ml) of deionized water after adjusting the acid
function of it Then, add the same volume (2.5ml) of the reagent solution

prepared with concentrated (1x10* M) with stirring.

By scanning the maximum wavelength (Anax) of the reagent has been
determined formally, the form acidic (HIn) and the basic (In-), then the
absorbance of the reagent solutions mixed with deionized water was measured
at each maximum wavelength (Anax) Which was determined during the scanning
process. Accordingly, graphs were drawn between the acidic function values on
the x-axis and the absorbance on the y-axis, with noting that the values at the
two wavelengths are drawn in the same figure, thus obtaining the dissociation
point of the reagent(pKa), (it represents the point where the half of the reagent
is in a basic form and the other half in its acidic form and is called a similarity
point or the absorption symmetry (Isopiestic point) or (Isoabsorptive point)

using the following relationship .

Since the solution contains equal concentrations of (HIn) and (In-) at the
intersection point the value of pH is equivalent to a value of pKa of the weak
acid (reagent).

pka=pH ......... (2-2)
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(2-5) Preparation of standard solutions

(2-5-1) Preparation of standard solution of Cobalt (11) ion (1mg/mL).
Prepared by dissolving (0.4938g) of Co (NOs),.6H,0 in deionized water

and the volume completed to 100 mL with deionized water in a volumetric flask.
Dilute Co (1) ion solutions were ready by dilute this standard solution through

the necessary size of water.

(2-5-2) Preparation of standard solution of Iron (111) ion (Img/mL).
Prepared by dissolving (0.72369) of Fe (NO3)3.9H,0 deionized water and

the volume completed to 100 mL with deionized water in a volumetric flask.
Dilute Fe (11I) solutions were ready by diluting this standard solution through

the necessary size of water.

(2-5-3) Preparation of the reagent solution (DPDQ) (0.1% W/V)
Prepared by dissolving (0.1g) of (DPDQ) in Chloroform and the volume was

completed to (100 mL) with Chloroform in a volumetric flask.

(2-5-4) Preparation of ascorbic acid solution (2% W/V)
Prepared by dissolving (2g) of (C¢HsOs) in deionized water and the volume

was completed to (100 mL) with deionized water in a volumetric flask.

(2-5-5) Preparation of Ammonium Thiocyanate solution (50% W/V)
Prepared by dissolving (509) of NH,SCN in deionized water and the volume

was completed to (100 mL) with deionized water in a volumetric flask.
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(2-5-6) Preparation of Hydrochloric acid solution (1 M)

Prepared by diluting(8.818mL) concentrated hydrochloric  acid
(37%,1.18g/cm?®) in 100 mL volumetric flask by deionized water. Dilute HCI
solutions were ready by diluting this standard solution through the necessary
size of water.

(2-5-7) Preparation of sodium hydroxide solution
Prepared of NaOH solution (0.1M) by dissolving suitable weight of NaOH

in deionized water.

(2-5-8) Preparation of cation solutions.
Prepared solution 1000 ug of cations (Pb?*, Ag**, Cu?*, Ni?*, Cd?**, Cr¥*,Hg?"*

& Sr?*) nitrate salt , dissolved their salts depending on the molecular weight of

salt which were used for these elements in (25mL) of deionized water.

(2-5-9) Preparation of anions solutions
Prepared solution 500ug and 1000ug of anions (Cr,O;7, Br -, SO4~, CrO47,

SCN-, 103 and CO37) potassium salt, dissolved their salts depending on the
molecular weight of salt that were used for these elements in (25mL) of

deionized water.

(2-5-10) Preparation of SnCl..2H-0O solution (1 M)
Prepared by dissolving (5.6407g) of SnCl,.2H,O in (ImL) of

hydrochloric acid and the volume was completed to (25 mL) with deionized

water in a volumetric flask.

(2-5-11) Preparation of NH4Cl solution (1 M)
Prepared by dissolving (1.3375 g) of NH4ClI in double deionized water

and the volume was completed to (25 mL) with double deionized water in a

volumetric flask.

34



Chapter two Experimental

(2-5-12) Preparation of NaCl solution (1 M)
Prepared by dissolving (1.461 g) of NaCl in double deionized water and

the volume was completed to (25 mL) with double deionized water in a

volumetric flask.

(2-5-13) Preparation of Na>SOg4 solution (1 M)
Prepared by dissolving (3.551 g) of Na,SO, in double deionized water and

the volume was completed to (25 mL) with double deionized water in a

volumetric flask.

(2-5-14) Preparation of NaNOs solution (1 M)
Prepared by dissolving (2.1247 g) of NaNOs in double deionized water

and the volume was completed to (25 mL) with double deionized water in a

volumetric flask.

(2-6) Construction of calibration curve of Co (I1) and Fe (I11)
10Ns

Calibration curves were prepared for Co(ll) & Fe(lll), separately,
according to colorimetric method by thiocyanate complex [76]. To measure the
absorption of standard solutions of Co (I1) and Fe (I11), separately, the processes
as follows: -

(5 mL) of solutions containing different concentrations of ions, ranged from
(2.002x10*M — 2.2715x10° M) equivalent to (59 ug- 800ug) and from (3.581
X 10°M — 2.50693 x 10“*M) equivalent to (1 pg- 70 pg.) for Co (1) & Fe(lll),
respectively, were taken. To each solution of Cobalt(ll) (0.5mL) of (0.5M)

hydrochloric acid solution was added,2mL of Ammonium thiocyanate
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(50%w/v) was added, (1mL) of ascorbic acid solution was added then added

(1.5 mL) from acetone. The absorbance measured at (Amax = 620nmM) against a
reagent blank solution. Using (1cm) cell. The relationship between the

absorbance and concentration was constructed to the calibration curve.

To each solution of Iron(ll1) (2mL) of (20%w/v) ammonium thiocyanate
and (ImL) nitric acid (0.5M) was added then complete the volume with
deionized water to the mark in (10mL) volumetric flask. The absorbance
measured at (Amax = 480nm) against a reagent blank solution. Using cell
absorption (1cm) after that the relationship between the absorption and

concentration was drew for the calibration curve.

(2-7) Extraction of Co (I1) and Fe (I11) ions by using reagent
(DPDQ)

A solution containing (2mL) (200ug) of Co (Il) adjusted to (pH=10)
complete to (5ml) by deionized water poured into a separate funnel as aqueous
phase. The pH of the solution is adjust by using diluted HNO3; or NaOH
solutions. The aqueous phase is equilibrated with (5mL) of reagent (DPDQ)
(0.05%w/v) dissolved in chloroform for (10) minutes. The aqueous and the
organic phase allowed separating. Co (II) set on spectrophotometric after
separation in an aqueous phase with thiocyanate[76]. An aliquot of the water
layer in the cells for absorbance measurements at (Amax = 620 nm). The
absorption measured in the same steps used in calibration curve. The difference
In metal concentration between the initial and final aqueous solution used to

calculate the concentration of metal in the organic phase.
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A solution containing (2mL) (200ug) of Fe (I11) adjusted to (pH=7) with

diluted nitric acid complete to (5mL) by deionized water poured into a separate
funnel as aqueous phase. The pH of the solution adjusted by using diluted HNO3
(0.1 M) or NaOH (0.1 M) solutions. The aqueous phase is equilibrated with
(5mL) of reagent (DPDQ) (0.1%w/v) dissolved in chloroform for (15) minutes.
The aqueous and the organic phase were allows to separate. Co (I1) determined
spectrophotometrically after extraction in aqueous phase with thiocyanate[76].
An aliquot of the aqueous phase in the cells for absorbance measurements at
(Amax = 480 nm). The absorption measured in the same steps used in calibration
curve. The difference in metal concentration between the initial and final
aqueous solution used to calculate the concentration of metal in the organic

phase.

(2-8) Calculation of distribution ratio.

Distribution ratio had found by the following considering the concentration
of ions in the organic phase represents the difference between primary
concentrations and concentration after extraction in the aqueous phase. Because
it’s easily dealing with the aqueous phase and used the following relationship

to calculate the distribution ratio[38]: -

Total concentration of ion in organic phase
D=

Total concentration of ion in aqueous phase

[M] org.
D=

[M] ag.

Where [M] = Molar concentration of ion
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(2-9) Study effect of different parameters on the extraction.

To reach the best conditions of extraction, the effects of the following

factors in the (D) values studied, represented by —

(2-9-1) The Effect of (pH) on extraction
The pH function ranged from (2 to 12) organized by installing the

concentration of Co (I1) and Fe (I11) ions , separately, in the aqueous phase by
using different amounts of nitric acid solution (0.1M) and/ or sodium hydroxide
solution (0.1M) using the pH-meter then added the organic phase , the values of
distribution ratios followed up to find the appropriate pH for the extraction of

Co(l1) and Fe(l11) ions, separately, with the reagent.

(2-9-2) The effect of shaking time on extraction
Shaking times effect between (organic and aqueous) phase were studied

under experimental conditions for extraction of Co (II) and Fe (l1I) ions,

individually, with reagent (DPDQ) to study it’s effect on (D) value.

(2-9-3)The effect of solvent polarity on extraction
The effect of different solvents polarity of organic phase on (D) value studied

under experimental condition to extract Co (I1) and Fe (l11), separately.

(2-9-4)The effect of the presence of some anions as interfering ions
The effect of some anions on (D) value were studied under optimum

condition for extraction of Co(ll) and Fe(lll) ions , separately , with reagent
(DPDQ) by addition of (500ug) and (1000ug ) of some anion, separately , such
as (Cr.077, Br-, SO47, CrO47~, SCN-, 105" & COy).
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(2-9-5) The effect of the presence of some cations as interfering ions
The effect of some cations on(D) value were studied under optimum

condition for extraction of Co(ll) and Fe(lll) ions, separately , with reagent
(DPDQ) by addition of (200ug) of some cations, separately , such as (Pb?*, Ag'*,
Cu?*, Ni?*, Cd?*, Cr®*, Hg?** & Sr?").

(2-9-6)The effect of oxidation and reduction reagent on extraction
Effect of addition (1mL) hydrogen peroxide solution (35%) as oxidant agent

and (1mL) solution of tin chloride (1M) as reducing agent, separately, studied
for extraction of the Co (I1) and Fe (111) ions, separately, with reagent (DPDQ)

under optimum conditions.

(2-9-7)The effect of enrichment extraction (Volume concentration
technique)
The effect of different volumes of aqueous phase ranged from (5-25mL) for

Co (I) and Fe (II) ions, individually, with (5mL) reagent (DPDQ) in

chloroform on (D) values in extraction studied under optimum conditions.

(2-9-8)The effect of metal concentration on extraction
The effect of concentration of Co (Il) and Fe (111) on (D) values between

two phases studied, separately, by installing the optimum conditions of

extraction.

(2-9-9) The effect of salting on extraction
The extraction studies performed by addition (1mL) ammonium chloride,

Sodium chloride, Sodium sulphate, Sodium nitrate solutions (1M) as salting
factor on extraction of Co (11) and Fe (I11) ions, separately, with reagent (DPDQ)

under optimum condition.
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(2-9-10)The effect batch method extraction
Batch extraction process of Co (I1) and Fe (1111) ions, individually, by reagent

(DPDQ) under optimum condition studied. Extraction had done in three stages
partition of organic phase to three volumes and calculate the (D) value after

ending third part of extraction process.

(2-9-11)The effect of temperature on extraction and determination of
thermodynamic functions
To determine the effect of temperature on (D) value, Co (I1) and Fe (I1)

ions, were extracted individually in different temperatures ranged from (20-
45)°C with reagent (DPDQ) by thermostatic circulator under optimum

conditions.

(2-10)The stoichiometry of the extracted complexes

The metal to reagent ratio studied under optimum conditions by mole ratio

method, Job’s method (continuous variations) and substoichiometric extraction.

(2-10-1) Mole ratio method: -
This method is done by mixing known constant concentration of Co (Il) and

Fe (I11) ions, separately, with increasing concentrations and proportionate of
reagent (DPDQ) in chloroform. After conducting the extraction process for each
concentration, the absorption measured for organic phase for each concentration
at the greatest wavelength, the relationship between the absorption and mole
ratio (M / L) plotted in the result.
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(2-10-2) Job’s method (Continuous variations): -
This method is done by mixing different volumes of solutions that have

equal concentrations of Co(ll) and Fe(lll) ions. Separately, with reagent
(DPDQ) in chloroform, absorption is measured for organic phase for each
concentration and at the greatest wavelength. The relationship between the

absorption and volume ratio is drew.

(2-10-3) Substoichiometric extraction:-
To study the stoichiometry of the extracted complex of Cobalt, (2.0 mg)

of (DPDQ) reagent, taken in (5mL) chloroform, was used for the extraction of
increasing amounts of Cobalt (II) ion (from 25 ug to 400 pg at pH= 10). The D

values of extraction plotted against the amount of ion taken.

On other hand, the stoichiometry of the extracted complex of Iron ,
(3.1mg) of (DPDQ) reagent, taken in (5mL) chloroform, was used for the
extraction of increasing amounts of Iron (III) ion (from 25 pg to 400 pg at pH=

7). The D values of extraction plotted against the amount of ion taken.

(2-11) Spectrophotometric studies

(2-11-1) Study of UV — Visible spectra.
Absorption of UV-visible spectra for solutions plotted for each solution: -

1) Absorption spectrum of complex Co (II) with thiocyanate.

2) Absorption spectrum of complex Fe (I11) with thiocyanate.

3) Absorption spectrum of reagent solution (DPDQ) dissolved in
chloroform.

4) Absorption spectrum of organic phase after extraction of Co (1) by using
(DPDQ) as reagent.

5) Absorption spectrum of organic phase after extraction of Fe (l11) by using
(DPDQ) as reagent.
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(2-11-2) Study of FT-IR spectra: -
FT- IR spectra recorded for the compounds: -

1. Infrared spectrum of (8-hydroxyquinoline) and (4-Amino-N, N-
dimethylanilindihydrochloride) as starting materials for (DPDQ)
syntheses.

2. Infrared spectrum of reagent (DPDQ).

Infrared spectrum of extracted complex for Co (I1).

4. Infrared spectrum of extracted complex for Fe (l11).

w

(2-11-3) Study of *HNMR spectra: -
It has been diagnosed the number of hydrogen atoms by NMR spectrum
by using the solvent (DMSO).

(2-11-4) Study of *CNMR spectra: -
It has been diagnosed the number of carbon atoms by NMR spectrum
by using the solvent (DMSO).

(2-11-5) Study of mass spectra: -

Use the Mass spectrometry to determine the molecular weight of the reagent
based on the ablation technique.

(2-12) Preparation of the Cobalt (I1) and Iron (111) complexes in
the solid-form

1. The solid Cobalt (I1) complex.

The solid Cobalt (1) complex was prepared from the reaction of the reagent
(DPDQ) with the ion in a ratio of (1: 2) by taking (10 mL) (0.500 mmole) from
the reagent dissolved in ethanol with (10 mL) (0.250 mmole) of Cobalt (1) ion
dissolved in deionized water. The Cobalt (II) ion solution is placed in a round
bottom flask with continuous stirring by magnetic stirrer, then the reagent
solution is added gradually so that stirring continues for a period of (30 min.)

with the acidic function adjusted at (pH = 10).
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For a period of (24hr) at room temperature, a dark red precipitate was
observed after the ethanol solvent dried, then filtered and washed with

deionized water and recrystallization with ethanol and left to dry in the air.

2. The solid Iron (111) complex.

The solid Iron (111) complex was prepared from the reaction of the reagent
(DPDQ) with the ion in a ratio of (1: 3) by taking (10 mL) (0.750 mmole) from
the reagent dissolved in ethanol with (10 mL) (0.250 mmole) of Iron (111) ion
dissolved in deionized water. The Iron (I1I) ion solution is placed in a round
bottom flask with continuous stirring by magnetic stirrer, then the reagent
solution is added gradually so that stirring continues for a period of (30 min.)
with the acidic function adjusted at (pH = 7). For a period of (24hr) at room
temperature, a dark red precipitate was observed after the ethanol solvent dried,
then filtered and washed with deionized water and recrystallization with ethanol

and left to dry in the air.

(2-13) Determination of some physical properties for the
complexes: -

(2-13-1) Melting point
Melting point for reagent (DPDQ) and the complexes extracted after dry it

In room temperature were measure by using melting point apparatus.

(2-13-2) Electrical conductivity
The values of electrical conductivity for extracted complexes at room

temperature studied on the concentration (1x102 M).
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(2-14) Study development of a new method for determining the
concentration of Co (I1) and Fe (I11) ions in the organic phase

A new method has been developed for the determination of cobalt (1)
and Iron (I11) in organic phase .Different concentrations of cobalt (I1) ion were
extracted, ranging from (1.6967x10“M — 23.7558x10*M), which is equivalent
to (50ug-700ug) , and different concentrations of Iron (111) ion ranged between
(3.5813x10°M-21.4880x10*M), which is equivalent to (10ug-600ug) by
(5mL) of the (DPDQ) reagent (0.1%) , after separating the organic layer from
the aqueous layer, (5mL) was transferred from the organic layer to a volumetric
flask (25mL) and completed the volume to the mark with chloroform, and the
absorption of the two complexes was measured at (Amax = 521.5nm) and (Amax =

505.5 nm), respectively.

(2-15) Applications: -

Samples of Hair and Vitamin B12 were used in the application of the technique

extraction of Cobalt ion& a sample of drugs to extract Iron ion.

(2-15-1) Hair Sample
Sample of human hair from a head taken, a sample of hair weight (19)

washed it by acetone (2mL) then with deionized water (1mL) two times, then
dried for (20 min.) in room temperature. The sample digested by (1mL)
concentrated nitric acid, then the sample was transport to (50mL) volumetric
flask and completed to the mark with deionized water. ( 5mL) of the solution
adjusted to pH=10 to extract Co(ll) by ( 5mL) reagent (DPDQ) [77].
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(2-15-2) Vitamin B1. Sample
Vitamin Bi, ampule (1000pg/4mL) cyanocobalamin

(43.481ugCo?*/4mL) was taken, shaking good them take a (4mL) from Vit.By,
solution to dried beaker , added (8mL) nitric acid (1:1) and heated until dry ,

add (8mL) hydrochloric acid (1:1) and heated a gain near dried , Colling the
sample , added deionized water and transfer the sample to (10mL) volumetric
flask and complete the volume to the mark with deionized water. Then take
( 5mL) to extract Co(ll) by ( 5mL) from the reagent (DPDQ) [77].

(2-15-3) Drug Samples contain Iron: -

A sample of two drugs tablet-containing Iron used. Referum tablet
(dextriferron (100 mg Fe®*/tablet), Ferrous Sulfate tablets (65mgFe?*/tablet) one
tablet of each drug was taken were weighed and transferred in to 250cm?®
volumetric flask, deionized water was added up to the mark to dissolve into
solution[78].

After samples prepared, Iron (Il1l) ion (0.5 mL) (200pg) & (130ug)
respectively was diluted to (5mL) and pH=7 , extracted by (DPDQ) reagent that

dissolved in chloroform.

(2-16) Sequential extraction process: -

To extraction Co (I1) & Fe (I11) ions sequentially, mixed the sample of Co
(1) (200pg) & Fe (111) sample (200ug) together adjusted the acidity of mixture
to (pH=2) shaking with reagent (DPDQ) that dissolved in chloroform for fifteen
minutes , after this time separated the aqueous phase ( that contain Fe (l11) ion
& low percent of Co (1) ) about organic phase ( contain Co (Il) ion & low
percent of Fe (I1l) ) , the agueous phase adjusted to (pH=2 ) and mixed with
reagent (DPDQ) again , shaking for ( 15 minutes ) , the aqueous phase contain
Iron (I11) after this time elapsed . The organic phase from first separation was
striping by acidic media (pH=1.5) and shaking for (30 minutes), the aqueous
phase contains Cobalt (11) ion. Repeat these processes three times.
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(3-1)Preparation of the Reagent: -

The preparation of reagent (DPDQ) from diazonium salt pairs of the (4-
Amino-N,N-dimethylanilindihydrochloride) with (8-hydroxyquinoline) in an
alcoholic medium by dissolving 4-Amino-N,N-dimethylanilindihydrochloride
in a solution obtained by mixing of concentrated hydrochloric acid with

deionized water, sodium nitrite dissolved in deionized water drop by drop.

Stirring keep the temperature below 5 “C, and left the solution stile to
complete the azonation process and obtain a solution of diazonium chloride.
This salt solution added slowly with continuous stirring to a solution of 8-
hydroxyquinoline that dissolved in a mixture of ethanol and sodium hydroxide,
to get the reagent (DPDQ) with a color reddish orang, the reaction steps can be

explained as Scheme (3-1) :-

NH Ry 1-
> HCINaNoO, NN Cl
2HCI (0-5)°C ©

4-Amino-N,N-dimethy- diazonium salt
anilineldihydrochloride

N3 S
) QI o Lh
+ . o NN N

N esc (TN 6m

N OH

8-hydroxyquinolin 7-((4-(dimethylamino)phenyl)diazenyl)quinolin-8-ol
(DPDQ)

Scheme (3-1): Steps of preparation of (DPDQ)
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The reaction steps have montane has been by a thin layer
chromatography (TLC) technique using ethanol as a solvent(eluent), where a
reddish orang precipitate was given and the retention or retardation factor (Rf)
was calculated by measuring the distance travelled by the compound spot in

relative to the distance travelled by the eluent.

distance travelled by the compound in solute
Rf = - e D . (3- 1)

distance travelled by the compound in solvent

By compensation resulting:
Rf =0.95

(3-2)The solubility of reagent (DPDQ): -

The solubility of reagent studied in many solvents and the result shown in
table (3-1).
Table (3-1): The solubility of the reagent in different solvents.

Solvent Result Solvent Result
H.0 - Chloroform +
CCl, + DMF +

Methanol + DMSO +

Ethanol + Acetone +
1-Propanol + Dichloromethane +
2-Propanol T Acetonitrile T
1-Butanol + n-Hexane -

(+) soluble, (-) insoluble, (F) partial solubility
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(3-3) The Physical properties of (DPDQ): -

The physical properties shown in table (3-2)
Table (3-2): The Physical Properties of the Prepared Reagent

Molecular | Melting
Compound | Formula weight pointe Colour
(g/mol) (°C)

DPDQ | C17H1sN4O | 292.1324 164-166 Reddish-orang

(3-4) Determination of the lonization Constant for the (DPDQ):

The ionization constants of weak electrolytes (acids or bases) can be
determined in many ways. Including the method that depends on measuring
electrical conductivity[79], spectral method and potentiometric titration method
and other methods mentioned[80-86] .

Where the spectral method was used to specify the ionization constant of
the reagent (DPDQ) in our study due to that the reagent contains (OH) group
and the spectral method summarizes by measuring the absorbance values of
series of reagent solutions (DPDQ) with deionized water at different values of
the acidic function (pH= 2-12) and the figures(3-1),(3-2) which appears
changing of the absorption of the reagent solution, where observed in these
figures that the absorption increases at the wavelength (476 nm) with the
increase in the values of the acidic function while the absorption decreases at
(507 nm), and it is also noticed that these curves intersect at an almost combined

point (ionization point of reagent).
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The reagent as Hin is dissociate according to the following equations:

HIn HY + " (3-2)
Ka = [HT+[In ]/ [HIN oo (3-3)
[H*] = Ka [HIN]/ (1N T oo (3-4)

By taking the logarithm of both parties

Log [H] =log Ka [HIn] / [In" ]................ (3-5)
Log [H'] =log Ka + log [HIn] /[In" ] .......... (3-6)

By multiplying both sides by (-1) result:

-Log [H*] =-log Ka - log [HIn] / [In" ] .......... (3-7)
Whereas:
pKa = - log Ka and pH = - log [H']

Whether a given acid loses a proton in an aqueous solution depends on
both the pKa of the acid and pH of the solution. The relationship between the
two was given by the Henderson—Hassel Balch equation (3-8)[87].

pH = pKa + log {Z;} ............... (3-8)

Since it is at the absorption symmetry point, [HIn]=[In"]
~ pKa = pH

~pKa=9
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Figure (3-1): Changing the absorption curves of (DPDQ) in acidic and

basic medium (a.pH=2, b.pH=12).
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2.0 +
1.8 H
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1.4

Abs.
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0.8 +
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-—
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Figure (3-2): the absorption curve of (DPDQ) by changing the values of

pH at (A max = 476nm and 507nm).

(3-5) Spectroscopic studies of reagent (DPDQ): -

(3-5-1) (UV-Vis.) spectrum for the reagent: -
The (UV-Vis) spectrum for the reagent (DPDQ), figure (3-3) exhibits

a high intense absorption peak at (244.0nm), (260.5nm), (324.5nm) and

(442.5nm) which assigned to (n—n*), (n—n*), (n—n*) and (n—n*) transition

respectively.

Absorbance [A]

1.5/

1.2—

0.6—

442.5

244.0
260.5

324.5

I I |
200 290 380 470 560 650

wawvelength [nm]

Figure (3-3) Electronic spectrum data of the reagent.
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(3-5-2) FT.IR spectra for the reagent & row materials: -
FT.IR spectroscopy is one of the common methods of diagnosing and

studying the composition of reagents and their complexes. The prepared
heterogeneous azo reagent and its complexes had studied with infrared
spectroscopy in the form of potassium bromide disk and within the range (400-
4000) cm™ and the results are as follows.

a. FT.IR spectrum of 8-hydroxy quinoline: -
Figure (3-4) shows the spectrum of 8-hydroxyquinoline by FT.IR

Spectroscopy.
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...........................................................................
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Figure (3-4) FT.IR spectrum of 8-hydroxy quinoline
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b. FT.IR spectrum of 4-Amino-N, N-dimethylaniline dihydrochloride: -
Figure (3-5) shows the spectrum of 4-Amino-N, N-dimethylaniline
dihydrochloride by FT.IR Spectroscopy.

e e

== 119783
989 52

oo e oo e 0 B B AR A LR RN AR
Figure (3-5) FT.IR spectrum of 4-Amino-N, N-dimethylaniline
dihydrochloride

c. FT.IR spectrum of reagent (DPDQ): -
Figure (3-6) shows the spectrum of reagent (DPDQ) by FT.IR. spectroscopy.

R B
3900 3600 3300 3000

Figure (3-6) FT.IR spectrum of reagent (DPDQ)
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Table (3-3) show the main data of FT.IR spectrums of reagent & it's row
materials. [88-90]

S |g2=2:2| 3T
S - 0
X =3
Bond S o s 2 > o
c ' S 9 a
3 327 &
= N S
St. (C=N) 1647.26 | - 1599.04
St. (C-N) 1377.22 | 1402.30 | 1363.72
St. (C=C) Aromatic |1568.18 | 1560.46 | 1568.18
St. (C-H) Aromatic | 3055.35 | 3018.70 | 3063.06
St. (N=N) 1506.46
St. (O-H) 3416.05 | - 3267.52
St. (C-H) Aliphatic 2827.74 | 2808.45
St. (C-0) 128271 - 1282.71
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(3-5-3) NMR spectrums for the reagent: -
Figures (3-7) & (3-8) shows the spectrum of reagent (DPDQ) by

'HNMR & BCNMR spectroscopy respectively.
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Figure (3-7) HNMR spectrum of reagent (DPDQ)
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Figure (3-8) B°CNMR spectrum of reagent (DPDQ)
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Proton nuclear magnetic resonance spectrometry (*HNMR) is an excellent
tool to check the purity of the organic compounds, the *HNMR and *CNMR
spectrums of the ligand (L) was diagnosed in (DMSO-d6) as a solvent and at

laboratory temperature.

(3-5-4) Mass spectrum for the reagent:

Figure (3-9) shows the spectrum of reagent (DPDQ) by Mass spectroscopy,
from the figure it is clear that the theoretically calculated molecular weight
(292.1324g/mole) is identical to the practical result.
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Figure (3-9) Mass spectrum of reagent (DPDQ)
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(3-6) Calibration curves of Cobalt (11) and Iron (111) ions.
After confirmation from the main site of absorption (Amax) of Co (1) &

Fe (111) complexes, separately, with thiocyanate solution and by spectra scan of

absorption for complexes in UV. — Visible figures (3-10) & (3-11) respectively.
These complexes had the greatest absorption at (Amax = 620 nm) for Cobalt (1)

ion & (Amax = 480 nm) for Iron (111) ion. This came in line with those reported

previously in the literature[76].

Different concentrations of Co(ll) and Fe (IIl) ions, individually, were
prepared within the range (50pg/5mL- 800ug/SmL) for Co(II) ion, and within
the range (1pg/5mL- 70ug/5mL) the absorption of each concentration of Co (1)
and Fe (III) ions, separately, were recorded at (Amax=620 nm) & (Amax = 480 nm)
respectively. By plotting the relationship between the absorption and
concentration a linear relationship between absorption and concentration had

been obtained as illustrated in Figures (3-12) and (3-13).
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Figure (3-10) Electronic spectrum of Co (I1) complex with thiocyanate.

0.35— 104

0.28— 479.0
E 0.21—
g
=
s
-
3
< 0.14—

0.07—

321.5
338.5
0.00 T T T T
270 396 522 648 774 900

wavelength [nm]

Figure. (3-11) Electronic spectrum of Fe (111) complex with thiocyanate.



Chapter three Results & Dissection

0.45 S

0:40 1 y=0.0005 X
i i

0.30

0.25 ~

Abs.

0.20
0.15
0.10

0.05

0.00 -—— ¥

o) 100 200 300 400 500 600 700 800 900
Concentration (ug/5mL)

Figure (3-12) Calibration curve for the determination of Co (I1) ion with

thiocyanate.
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Figure (3-13) Calibration curve for the determination of Fe (I11) ion by
thiocyanate.
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(3-7) Study The Effect of Different Parameters on The
Extraction.

Some of chemical and physical parameters such as pH, shaking time,
temperature.... are examined in order to get the best results in the extraction
process and access to the best chemical equilibrium at which the free energy
would be equal for the dissolved substance in both immiscible phases had

examined in the following factors: -

(3-7-1)The effect of pH on the extraction.
The effect of this factor was determined by calculating (D) values to

extract constant concentration of Co (1) solution (200pg), (6.7873x10*M) in
(5mL) and of Fe (III) solution (200ug) (7.1626x10*M) in (5mL), separately, in
different pH from (2-12) of Co (I1) and Fe (I11). Separately, with 5SmL of (0.1%)
(DPDQ) solution dissolved in chloroform as organic phase. The results

illustrated in tables (3-4) and (3-5).
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Table: (3 -4)The effect of pH on the extraction of Co (I1) ion by
using (DPDQ) dissolved in chloroform.

pH D E%

2.00 1.001 50.030
3.00 1.273 56.007
4.00 1577 61.200
5.00 1.795 64.222
6.00 2.109 67.831
7.00 2.333 70.000
8.00 2.032 67.022
9.00 2.126 68.010
10.00 4.952 83.200
11.00 4.001 80.004
12.00 2.233 69.070

Aqueous phase: - (5 mL) solution of Co (I1) ion concentration (200ug),
(6.7873x10*M) in different pH.

Organic phase: - (5mL) of (0.1%) (DPDQ) solution dissolved in chloroform.

Equilibrium time: - (10) min.

Temperature: - (20 + 2) °C.
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Table: (3 -5) The effect of pH on the extraction of Fe (I11) ion
by using (DPDQ) dissolved in chloroform

pH D E%

2.00 0.118 10.528
3.00 0.270 21.288
4.00 0.673 40.222
5.00 2.245 69.188
6.00 5.365 84.288
7.00 20.177 95.278
8.00 9.622 90.586
9.00 7.530 88.277
10.00 6.512 86.688
11.00 3.034 75.208
12.00 2.950 74.684

Aqueous phase: - (5 mL) solution of Fe (I11) ion concentration
(200pg), (7.1626x10*M) in different pH.
Organic phase: (5mL) of (0.1%) (DPDQ) solution dissolved in chloroform.
Equilibrium time: - (15) min.
Temperature: - (20 2) °C.

The results in tables (3-4) & (3-5) indicated variation in (D) and (E %)
with pH values. Thus, it could be due to the nature of the properties of organic

reagent used in the solvent extraction process and it's impact on pH.

(3-7-2)The effect of shaking time on the extraction
Change in (D) values for extraction Co (II) and Fe (lII) ions,

separately, calculated by using (DPDQ) as a function of time of equilibrium
phases for different times ranged between (2-30) minutes. The results shown in
table (3-6), (3-7) and figures (3-14), (3-15).
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Table (3-6): The effect of time equilibrium in the extraction of Co (I1) ion
by using (DPDQ) dissolved in chloroform.

Time D E%
2 3.003 75.020
5 3.608 78.300
10 4.951 83.195
15 3.205 76.220
20 2.336 70.021
30 1.818 64.520

Aqueous phase: - (5 mL) solution of Co (I1) ion concentration (200ug),
(6.7873x10*M) pH=10.

Organic phase: - (5mL) of (0.1%) (DPDQ) solution dissolved in chloroform.

Equilibrium time: - (X) min.

Temperature: - (20 £ 2) C°.

0.7 —

0.6

o
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Fig. (3-14) Effect of shaking time on (D) value for Co (1) ion
extraction.
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Table (3-7): The effect of time equilibrium in the extraction of
Fe(l11) ion by using (DPDQ) dissolved in chloroform.

Time D E%
2 5.818 85.333
S 7.843 88.692
10 15.358 93.887
15 20.169 95.276
20 11.481 91.988
30 7.256 87.888

Aqueous phase: - (5 mL) solution of Fe (I11) ion concentration (200ug),
(7.1626x10"*M) at pH=7.

Temperature: - (20 2) °C.

1.3 4

1.2 5

Organic phase: (5mL) of (0.1%) (DPDQ) solution dissolved in chloroform.
Equilibrium time: - (X') min.

o 5 10 15 20 25 30
Time (min.)
Fig. (3-15) Effect of shaking time on (D) value for Fe (I11) ion extraction.
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From the results in tables (3-6), (3-7) and figures (3-14), (3-15) the best time
to extract Co (I1) and Fe (111) were (10) and (15) minutes, respectively, by using
(DPDQ), then (D) values of start decline with increasing in the shaking time.

Increasing in the shaking time lead to increase the contact between organic
and aqueous phase, which mean increasing the surface area between the phases
that differ in the free energy initially depending on the different components of
each phase. And shaking process in this case is accelerate the access to
equilibrium between phases. while decreasing in (D)value after the maximum
value when exceeding the shaking time may be due to several reasons, including
destroying the complex formed and deviation the equilibrium to the aqueous
phase or formation third phase. These results are in agreement with the previous

study[91].

(3-7-3)The effect of organic solvent on the extraction.
The nature of organic diluents substantially affects the Cobalt (1) and Iron

(1) extraction efficiency. To clarify the effect of diluents on the extraction of
Cobalt (I1) & Iron (I11) with compound, (D) values measured for selected
diluents of varying dielectric constant under experimental conditions.

A number of organic solvents which had different dielectric constant
had been selected to study (D) values to extract a fixed amount of Co(ll)
(6.7873x10* M), (200ug/5mL) and Fe(l1l) (7.1626x10* M),(200ug/5mL) ions,
separately, by (5 mL),(0.1 %DPDQ) solution under the experimental conditions,
After each extraction process and separation of the aqueous phase from organic

phase, the amount of ions in the aqueous phase were determined by colorimetric
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method[76] and calculated the amount of metal ions in the organic phase as

described earlier and then calculated the (D) values for ions with (DPDQ). The
results in tables (3-8), (3-9) and figures (3-16), (3-17).

Table (3-8): The effect of polar organic solvent to extract Co (I1) ion by
using (DPDQ) dissolved in different solvents.

Organic Solvent (fafad/ 1/e D E%
meter)
Toluene 2.24 0.446 3.673 78.600
Benzene 2.28 0.438 1.564 61.000
Chloroform 4.90 0.204 4.619 82.202
Ethyl acetate 6.02 0.166 2.333 70.000
Dichloromethane 9.10 0.109 3.630 78.402
Amyl alcohol 15.80 0.063 2.733 73.210

Aqueous phase: - (5 mL) solution of Co (1) ion concentration (200ug),
(6.7873x10"M) at pH=10.
Organic phase: - (5mL) of (0.1%) (DPDQ) solution dissolved in different solvents.
Equilibrium time: - (10) min.
Temperature: (20 + 2) °C.
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Fig. (3-16)The effect of polar organic solvent to extract Co (I1) ion
by using (DPDQ).

Table (3-9): The effect of polar organic solvent to extract Fe (I11) ion by
using (DPDQ).

Organic Solvent € 1/ D E%
Toluene 2.24 0.446 3.419 77.368
Benzene 2.28 0.438 6.046 85.808
Chloroform 4.90 0.204 20.133 95.268
Ethyl acetate 6.02 0.166 1.878 65.248
Dichloromethane 9.10 0.109 2.225 68.988
Amyl alcohol 15.80 0.063 1.748 63.608

Aqueous phase: - (5 mL) solution of Fe (I11) ion concentration (200ug),
(7.1626x10*M) at pH=7.
Organic phase: (5mL) of (0.1%) (DPDQ) solution dissolved in different solvents.
Equilibrium time: - (15) min.
Temperature: - (20 2) °C.
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Figure (3-17) The effect of polar organic solvent to extract Fe (I11) ion by
using (DPDQ)

Results in tables (3-8), (3-9) and figures (3-16), (3-17) demonstrate the
non-linearity of the relation between distribution ratio (D) and the dielectric

constant (¢) of the organic solvent.

The organic solvents such as toluene, benzene, chloroform, ethyl acetate,
dichloromethane & amy! alcohol were tested. Chloroform, which owns a fixed
dielectric constant equal to (4.90) where (D) values were (4.619) & (20.133)
with (DPDQ). It found the best solvent for the quantitative extraction of Co (1)
& Fe (I11), which had the highest (D) value and (E%). This is contrary to what

is indicated by the Bourne relationship represented by the following equation
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72
2r

AG=

1 1 ‘
(3-9)

Ew &

Where Z: is the ion charge.
r: the radius of the ion.
&w, € . dielectric constant of water and organic solvent, respectively.

AG: free energy to move the ion.

The (D) values of amyl alcohol solvent which is the highest fixed
dielectric constant (2.733) for Co (Il) and (1.748) for Fe (111), separately, with
(DPDQ) , while The (D) values of with toluene solvent which had the lower
fixed dielectric constant (3.444) for Co (I1) and (3.4185) for Fe (l11), separately,
with (DPDQ) and this confirms that there is no linear relationship between the

(D) values and the dielectric constant of the solvents.

This demonstrated that the system of extraction in this study cannot be
controlled by the dielectric constant of the solvent and the reason was attributed
to the extracted complexes were no charge chelate. Many factors affect these
types of complexes including the solubility of the extracted complex or
geometry of organic solvent and if the solvent contains oxygen atom or not. This
supported the role of organic solvent composition to achieve the best extraction
away from the polar organic solvent that used to have a role in creating the best
extraction, but its role was not a major, it does not exclude the possibility of
participation of organic solvent in the process of extraction, the results of this

study are in agreement with the previous studies[92].
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(3-7-4)The effect of foreign ions
(3-7-4-1) Effect of some anions on the extraction
The values of distribution ratio to extract (200 pg/5mL) (6.7873x10*M) of

Co (II) and (200 pg/5mL) (7.1626x10* M) Fe (Ill) ions, separately from
agueous solutions were calculated under the optimum conditions by addition of
different concentrations of some anions of potassium salts using the reagent

(DPDQ) dissolved in chloroform.

Table (3-10)The effect of adding some anions to extract Co (I1) ion by
using (DPDQ).

. 500ug/mL 1000pg/mL
Anions D HY E0% 5 =t E0%

4.627 82.228 4.627 82.228
Br- 1.941 66.000 1.000 50.000
SCN - 1.857 65.000 2.333 70.000
SO4~ 2.030 67.000 1.326 57.000
Cr07 ~ 2.125 68.000 0.887 47.000
CrO4~ 2.333 70.000 1.632 62.000
CO3~ 1.500 60.000 0.724 42.000
103~ 0.818 45.000 2.030 67.000

Aqueous phase: - (2 mL) solution of Co (II) ion concentration (200 pg), + (1 mL) (500pg/mL
& 1000pg/mL), from some of the anions+ (2mL) deionized water, at (pH =10).

Organic phase: - (5mL) (DPDQ) dissolved in Chloroform.

Equilibrium time: - (10) minutes.

Temperature: - (20+2) 'C .

70



Chapter three

Results & Dissection

Table (3-11): The effect of adding some anions to extract Fe (I11) ion by
using (DPDQ).

: 500pg/mL 1000pg/mL
Anions ) HY E0% D L £0

20.177 95.278 20.177 95.278
Br- 12.676 92.688 10.748 91.488
SCN - 7.538 88.288 9.297 90.288
SO4~ 8.423 89.388 7.840 88.688
Cr,0; = 13.680 03.188 4,913 83.088
CrO,~ 8.513 89.488 7.538 88.288
COs~ 9.625 90.588 10.888 91.588
103" 3.482 77.688 0.508 33.688

Aqueous phase :-( 2mL) solution of Fe (I11) ion concentration (500ug), + (1mL)
(500pg/mL&1000pg/mL) from some of the negative ions & (2mL) deionized water at

(pH=T7).
Organic phase: - (5 mL) (DPDQ) dissolved in chloroform. Equilibrium time: - (15) min.
Temperature: - (20 + 2) C.

The results in the tables (3-10) and (3-11) show that the presence of some
anions have disparity influence on the extraction of Co (1) and Fe (l1l) ions,

separately, depending on the nature of the anions added.

(3-7-4-2)The effect of some cations on the extraction

Number of cations were selected to study the influence of the extraction
of Co (Il) and Fe (1), separately, ions using (DPDQ), (D) values and (E%) were
calculated to extract (200 pg/5mL), (6.7873x10*M) of Co (Il) and
(200ug5mL),(7.1626x10*M) of Fe (Ill) ions, separately, under optimum
conditions in the presence of (1000ug) of some cations by (DPDQ) dissolved in
chloroform. Table (3-12) and (3-13) shows the results for this study.
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Table (3-12): The effect of some cations on the extraction of Co (I1) ion

with (DPDQ).
Cations D E%

4.618 82.200
Pb?* 3.115 75.700
Agl* 2.577 72.040
Cu?* 3.352 77.020
Ni?* 0.767 43.400
Cd?* 2.572 72.005
Cr3 2.356 70.200
Hg? 1.919 65.736
Sr# 2.209 68.841

Aqueous phase :-( 2mL) solution of Co (II) ion concentration (200png), + (1mL)
(200pg/mL) from some of the positive ions & (2mL) deionized water at

(pH = 10).

Organic phase: - (5 mL) (DPDQ) dissolved in chloroform.

Equilibrium time: - (10) min.
Temperature: - (20+2) °'C
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Table (3-13): The effect of some cations in the extraction of Fe (111) ion

with (DPDQ).
Cations D E%

20.133 95.268
Pb2* 9.855 90.788
Ag* 14.451 03.528
Cu?* 11.639 92.088
Ni%* 9.625 90.588
Cd* 14.547 93.568
Cr3 11.031 91.688
Hg? 12.904 92.808
Sr# 13.468 93.088

Aqueous phase :-(2mL) solution of Fe(IIl) ion concentration(200pg), +(1mL)
(200pg/mL) from some of the positive ions&(2mL) deionized water at

(PH=7).

Organic phase: - (5 mL) (DPDQ) dissolved in chloroform.

Equilibrium time: - (15) min.
Temperature: - (20 + 2) °C.

From table (3-12) the results show that the extraction of Co (Il) ions in

presence of some cations leads to disparity results, since the presence (Ni?",

Cr3*, Hg?* and Sr?*) were working to reduce (D) value. The reason attributed to

competition cations with Co (Il) ion to coordinate with (DPDQ) to form

complexes[93].
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Also table (3-12) shows that a little effect on the values of distribution ratios

for Co (1) ion extraction with (DPDQ) in the presence of Pb?* & Cu?* .

From table (3-13) the results show that the extraction of Fe (Il1l) ion in
presence of some cations leads to a little effect on the values of distribution
ratios. The reason was attributed to the possibility that these ions may be
absorpted at the same (Amax) OF complex or decrease hydration energy for ions
lead to increase E% [92].

(3-7-5)The effect of the oxidation agents and reduction agents on

the extraction.
The effect of the oxidation was examined by adding (1mL) from 35 %

(W/V) of hydrogen peroxide solution as an oxidant agent in extraction of Co
(1) and Fe(ll) ions, separately, with (DPDQ), under the optimum conditions.
Distribution ratios of Co (Il) and Fe (Ill) ions with (DPDQ) calculated after
separating aqueous phase from organic phase. The amount of remained ions in

aqueous phase were, calculated by colorimetric method[76].

The influence of the reducing agent on (D) value to extract Co(ll) and
Fe(ll) ions, separately, with (DPDQ) were studied by adding (1mL) from (1M)
of SnCl,.2H,0 solution to the aqueous phase and by following the same method
used with the studying of the influence of oxidizing agent. Results were

illustrated in the tables (3-14) and (3-15).
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Table (3-14): The effect of oxidation - reduction factors in the extraction
of Co (I1) ion with (DPDQ).

Extraction D E%
Co (1) with (DPDQ)
In absence of oxidation-reduction factors 4.556 | 82.000
Co (1) with (DPDQ) 1.862 | 65.060
In presence of oxidation factors
Co () with (DPDQ) 2.334 | 70.005
In presence of reduction factors

Table (3-15): The effect of oxidation - reduction factors in the extraction
of Fe (111) with (DPDQ)
Extraction D E%
Fe (111) with (DPDQ)
In absence of oxidation-reduction factors
Fe (111) with (DPDQ)
In presence of oxidation factors
Fe (111) with (DPDQ)
In presence of reduction factors

20.088 | 95.258

3.365 | 77.088

19.695 | 95.168

The results of this study show that the extraction processes were
incompetent in the presence of oxidizing agent because of it's effect on the
reagent. It probably works on the oxidation and changes the nature of chelating
reagent. The oxidation of Co (Il) and Fe (Ill) ions were also expected that
distortion of the system of complex formation extracted. Therefore, affect the
process of extraction, because the Co (I1) and Fe (111) not extracted efficiently
by (DPDQ). While the results of reducing agent show that distribution ratios

were increased when extracted Fe (I11) because of increasing in stability of
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trivalent oxidation state Fe (1) , while decreasing in extraction of Co (II) ,
Separately, because Co (II) ion was not reduced by using SnCl,.2H,0 and Co

() is not stable.

(3-7-6)The effect of enrichment extraction (Volume concentration
technique) on the extraction.
The values of distribution ratios for the extraction of Co (Il) and Fe (I11)

ions, separately, were calculated from volumes ranging from (5-25) mL for
Co(ll) and Fe(lll), separately, of aqueous phase by using (5) mL of organic
phase. Under the optimum conditions Tables (3-16) and (3-17) show the results.

Table (3-16): The effect of enrichment method to extract Co (I1) ion by
using (DPDQ).

Volume of Volume of organic
aqueous phase phase D E%
(mL) (mL)
5 5 4.615 82.190
10 5 2.333 53.846
15 5 0.587 16.372
20 5 0.136 3.297
25 5 0.053 1.042

Aqueous phase: - (XmL) of a solution of Co (II) ion concentration (200 pg), at (pH=10).
Organic phase: - (5 mL) (DPDQ) dissolved in Chloroform.
Equilibrium time: - (10) min.
Temperature: - (20+2) °C.
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Table (3-17): The effect of enrichment method to extract Fe (111) using

(DPDQ).
Volume of Volume of organic
aqueous phase phase D E%
(mL) (mL)

5 5 20.164 95.275
10 5 17.776 89.887
15 5 10.182 77.242
20 5 9.972 71.372
25 5 4.301 46.240

Aqueous phase: - (XmL) of a solution of Fe (III) ion concentration (200 pg),

at(pH=7).
Organic phase: - (5 mL) (DPDQ) dissolved in chloroform.
Equilibrium time: - (15) min.
Temperature :-( 20+2) °C.
The results of the tables (3-16) and (3-17) show the possibility to extract
Co(ll) and Fe (I11) ions, separately, by the reagent(DPDQ) from large volumes
of aqueous phase, but in low distribution ratios and thus being (E%) were an

efficient. The results of this study approved with recent studies[94].

The results indicate that a preferred (aqueous/organic) phase ratio in this
study found to be (5:5). This is evident from the sharp increase in the separation
efficiency as well as the distribution ratio of Co (Il) and Fe (111) when phase
ratio (A/O) changed from (25:5) to (5:5) for Co (11) and Fe (111), respectively ;
This may simply be due to the unavailability of reagent for metal extraction and

so a crowding effect occurs at low phase ratio[95].
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(3-7-7)The effect of concentration of Co (I1) and Fe (I11) ions on

the extraction.
Co(l1) and Fe(l11) ions are extracted from agueous solution which contain

increasing concentrations of these ions ranged from (50 ug/5mL to 350ug /
5mL), (1.6968x10* M to 1.18778x107 M) for Co(Il) and (25 ng/5mL to 350ug/
5mL), (8.9533x10° M to 1.25346x102 M) for Fe(lll), separately, with (5 mL),
(0.1%DPDQ) solution under the optimum conditions. Results of this study
described in tables (3-18), (3-19) and figures (3-18), (3-19).

Table (3-18): The effect of concentration of Co (I1) ion by using
(DPDQ) on extraction.

[M]x10* Log[M] D E%
1.697 -3.770 1.784 64.082
3.394 -3.469 2.910 74.427
5.091 -3.293 3.688 78.667
6.787 -3.168 4,743 82.588
8.484 -3.071 3.470 77.631
10.018 -2.999 3.286 76.667
11.889 -2.925 2.889 74.286
Aqueous phase: - (5 mL) solution of Co (I1) ion in different concentration with
(at (pH=10).

Organic phase: - (5mL) (DPDQ) dissolved in Chloroform.
Equilibrium time: - (10) min.
Temperature: - (20 + 2) "C.
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Fig. (3-18)The effect of different concentration of Co (I1) ion by using
(DPDQ) on the extraction.

Table (3-19): The effect of concentration of Fe (111) ion by using (DPDQ)
on extraction.

[M]x104 Log [M] D E%
0.895 -4.048 5.298 84.121
1.791 -3.747 6.433 86.546
3.581 -3.446 7.865 88.720
5.372 -3.270 13.665 03.181
7.163 -3.145 20.124 95.266
8.953 -3.048 13.837 93.260
10.744 -2.969 6.952 87.425
12.535 -2.902 4.118 80.461

Aqueous phase: - (5 mL) solution of Fe (I111) ion in different concentration with
at (pH=7).

Organic phase: - (5mL) (DPDQ) dissolved in Chloroform.
Equilibrium time: - (15) min.
Temperature: - (20 +2) °C.
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Fig. (3-19)The effect of different concentration of Fe (111) ion by using

(DPDQ) in the extraction.

From the result in tables (3-18), (3-19) and figures (3-18), (3-19). The
relationship between the (D) value with concentration of Co (1) and Fe (111) ions

was not linear, when extracted by (DPDQ).

(3-7-8)The effect of salting out on the extraction
To study the effect of the salting, Ammonium chloride, Sodium chloride,

Sodium sulphate & Sodium nitrate chosen for this purpose, because these salt
was not extracted from organic phase. It can be stripped and destroyed if we

need to do that, so it is favorite as salting agent[96].
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The values of distribution ratios were calculated to extract (200pg/5mL),
(6.7873x10* M) of Co(Il) and (200ug/5mL), (7.1626x10“ M) Fe (Il1) ions,
separately, with (0.1%)(DPDQ) dissolved in chloroform in the presence of
(ImL of 1M ) of ammonium chloride, Sodium chloride, Sodium sulphate &

Sodium nitrate solutions under the optimum conditions.

Table (3-20) The effect of salting process to extract Co (1) ion with

(DPDQ).
Salt D E%
--- 4616 |82.195
NH.CI 2.704 | 73.000
NaCl 2.226 |69.000
Na,SO,4 2.448 | 71.000
NaNOs 2.030 | 67.000

Table (3-21): The effect of salting process to extract Fe (I11) ion with

(DPDQ).
Salt D E%
--- 20.133 | 95.268
NH.CI 2.464 71.128
NaCl 3.701 78.728
Na;SO4 3.547 | 78.008
NaNO; 4,941 83.168

From the results in table (3-20) & (3-21) the (D) values to extract Co (1) &
Fe (111) ions with (DPDQ) decreased in the presence of salting factor. The reason

for this could attributed to the behavior of negative ion as masking agent, which
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decrease the coordinate linkage of (DPDQ) with ions. The reason for this could
be attributed to the possibility that salting process decreases hydration energy
for Co (11) and Fe (I11) ions extracted and this leads to facilitate the replacement

of water molecules with reagent molecules.

(3-7-9) Effect of batch method on the extraction
The effect of using batch extraction to extract (200ug/5mL), (6.7873x10*

M) of Co (II) and (200ug/5mL), (7.1626x10* M) of Fe (lI1) ions, separately,
with (DPDQ) was studied. Extraction held in three stages after partition of
organic phase (5mL) into three volumes. Equal volume for each extraction stage
had been part of this phase. The values of distribution ratios calculated after the
end of part three of extraction process, tables (3-22) and (3-23) shows the results

of this study.

Table (3-22): The effect of batch method on the extraction of Co (I1) ion
with (DPDQ).

Extraction Technique D E%
Co(ll) with (DPDQ)
Continuous extraction
Co(ll) with (DPDQ)
Batch extraction
Temperature: - (20£2) “C.

4.618 82.200

4.507 81.840
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Table (3-23): The effect of batch method on the extraction of Fe (I11) ion
with (DPDQ).
Extraction Technique D E%
Fe(l11) with (DPDQ)
Continuous extraction
Fe(111) with (DPDQ)
Batch extraction
Temperature: - (20+2) °C.

20.177 95.27/8

20.066 95.253

The results of the tables (3-22) and (3-23) show a little change in (D)
values and (% E) for Co(ll) and Fe(lll) ions, separately, extraction with
(DPDQ), which means that the possibility of using a continuous extraction to

save effort and time[94].

(3-7-10)The effect of temperature on the extraction and
determination of some thermodynamic functions.

The values of distribution ratios for extraction of Co(ll) and Fe(lll) ions,
separately, by (DPDQ) dissolve in chloroform at different temperatures ranged
from (20-45) °C under the optimum conditions were calculated. Tables (3-24)
and (3-25) shows the results of this study.
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Table: (3-24) The values of distribution ratios for the extraction of
Co (1) ion by using the reagent (DPDQ) at different temperatures.

T(K) (1/T)x103 D

293 3.413 4.556
298 3.356 4.263
303 3.300 3.348
308 3.247 3.000
313 3.195 2.704
318 3.145 2.333

Aqueous phase: - (5mL) solution of Co (I1) ion concentration (200ug)
at (pH =5).

Organic phase: - (5mL) (DPDQ) dissolved in Chloroform.
Equilibrium time: - (10) min.
Temperature: - ranged from (20-45) °C.

Table: (3-25)The values of distribution ratios for the extraction of
Fe (111) ion by using the reagent (DPDQ) at different temperatures.

T(K) (1/T)x1073 D
293 3.4130 21.163
298 3.3557 13.061
303 3.3003 9.130
308 3.2468 4.221
313 3.1949 3.800
318 3.1447 3.506
Aqueous phase: - (5mL) solution of Fe (111) ion concentration (200 ug) ,
at (pH=7).

Organic phase: - (5mL) (DPDQ) dissolved in Chloroform.
Equilibrium time: - (15) min.
Temperature: - ranged from (20-45) “C.

84



Chapter three

Results & Dissection

By using Vant-Hoff Equation (3-1): [97]

2303 LogD =20 . (3-1)
RT

In addition, by drawing the relationship between the Log D versus 1/T, the

two figures (3-20), (3-21) obtained, and the value of enthalpy (AHe) calculated.

0.70 -
1 y =1115.2x - 3.1383
0.65 - R2=0.9822
0.60 -
o 0551
o .
o
— 0.50 -
0.45 -
0.40 -
0.35 -
310 315 320 325 330 335 340 345
1T (K)x102
Fig. (3-20)The effect of temperature to extract Co (11) ion by using
(DPDQ).
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y=3.1321X-9.4018
1.2 R?=0.9389

1.0 1

Log D

0.8 -

0.6 -

T r — —
3.10 3.15 3.20 3.25 3.30 3.35 3.40 3.45

1T (K)x10°3
Fig. (3-21) The effect of temperature to extract Fe (111) ion by using
(DPDQ).

Values of (AGex), (ASex) Were calculated by using the Gibbs equations
described below[97]: -

AGGX = AH = TAS ............ (3'2)
AGe=-RTInD ............. (3-3) where Log D = Log Kex,
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Table (3-26) The values of thermodynamic functions to extract Co (I1)
ion by using (DPDQ)

T(K) | AHex(kJ.Mol?Y) | AGe(kJ.MolY) | ASe(J.K1.Mol?)
293 -3.6944 -0.05018
298 -3.5931 -0.04968
303 -18.4 -3.0444 -0.05067
308 -2.8137 -0.05060
313 -2.5887 -0.05051
318 -2.24053 -0.05081

Table (3-27) The values of thermodynamic functions to extract Fe (I111)
ion by using (DPDQ).

T (K) [ AHex(kJ.Mol) [ AGex(kd.Mol) | ASex(3.K2.Mol™)
293 -7.4366 -0.1700
298 -6.3675 -0.17077
303 -57.2585 -5.5721 -0.17058
308 -3.6885 -0.1739
313 -3.4748 -0.17183
318 -3.3173 -0.1696

The results in tables (3-24), (3-25) and figures (3-20), (3-21) show that the
(D) values for the extraction of Co(ll) and Fe(lll)ions, separately, with reagent
(DPDQ) decreases with increasing temperature. From tables (3-26) and (3-27)
the negative sign of the values of enthalpy show that the reaction between Co(ll)
and Fe(ll1) ions, separately, with (DPDQ) were exothermic and these means

decrease in the possibility of formation complex that extract with increasing

temperature, in general for this type of reaction reagent.
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The negative sign of the free energy for the extraction of Co (I1) and Fe (11)
ions, respectively, with reagent (DPDQ) indicate the reactions are
spontaneously. Transfer of ions from aqueous phase to organic phase are
spontaneous and this is favorite thermodynamically in low temperature and lead
to increase the distribution ratio with decrease the temperature. The values of
entropy approach to zero and each other demonstrated to the spontaneous
reaction (less random) and stability of complex that extracted, these study are

In agreement with a previously studies[91,98,99] with other reagents.

(3-8) Stoichiometry of the extracted complexes

The stoichiometry of the extraction complex (M: L) was determined by
different methods to determine the more probable structure of chelate

complexes.

(3-8-1) Job’s method (Continuous variables)[100]
This method done by mixing different volumes of solutions of equal

concentrations ( 6.7873x10* M) of Co (I1) and (7.1626 x10* M) of Fe (lI1) ions
, with (DPDQ) so that the final volume equal to (10mL) , under the optimum
conditions After the extraction , the organic phase separate from the aqueous
phase and the absorption of organic phase (which contains the extracted
complex) were measured at (Amax = 521.5nm) for Co (Il) complex &
(Amax=505.5nm) for Fe (111) complex , tables ( 3-28) , (3-29) and Figures ( 3-
22) and (3-23) shows the results of this method.
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Table (3-28): The results of Job’s method (continuous variables) for the
Co (I1) ion by using (DPDQ) dissolved in chloroform.

Vm/(Vm+VL) Abs.
0.1 1.85
0.2 2.123
0.3 2.448
0.4 2.050
0.5 1.750
0.6 1.470
0.7 1.150

Table (3-29): The results of Job’s method (continuous variables) for the
Fe (111) ion by using (DPDQ) dissolved in chloroform.

Vm/(Vm+VL) Abs.
0.9 0.907
0.8 1.238
0.7 1.504
0.6 1.760
0.5 2.078
0.4 2.274
0.3 2.528
0.2 2.438
0.1 2.009

Drawing Abs. against (Vm / (Vm + VL)), where (Vwm) refers to the volume
of the metal and (V) refers to the volume of organic reagent, the figures (3-22)

and (3-23) will obtained.
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1.8+

Abs.

1.6 1
1.4 5

1.2 5

1.0 T T T T T T T T T T T T
0.1 0.2 0l3 04 0.5 0.6 0.7
v Vi/(Vu+VL)

Fig. (3-22) Job’s method (continuous variables) for the Co (II) ion with
(DPDQ) dissolved in chloroform.
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Fig. (3-23) Job’s method (continuous variables) for the Fe I11) ion
With (DPDQ) dissolved in chloroform.
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The results in the tables (3-28), (3-29) and figures (3-21), (3-22) show that
the stoichiometry of the complexes are (ML;) for Co (Il) complex and (MLs3)

for Fe(l11) complex.

(3-8-2) Mole ratio method[101]
The values of distribution ratios are calculated to extract fixed concentration

(6.7873x10* M) of Co (Il) and (7.1626 x10* M) of Fe (Ill) ions, with
proportionate and increasing concentration from (DPDQ) under optimum
conditions. Tables (3-30), (3-31) and figures (3-24), (3-25) show the results of
this method.

Table (3-30): Mole ratio to extract Co (I1) ion by using the reagent
(DPDQ) dissolved in chloroform.

CL/Cwm Abs.
0.5 0.205
1.0 0.394
1.5 0.544
2.0 0.681
2.5 0.712
3.0 0.801
3.5 0.895
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Table (3-31): Mole ratio to extract Fe (111) ion by using the reagent

(DPDQ) dissolved chloroform.

Results & Dissection

CL/Cwm Abs.

0.5 1.788

1.0 1.947

1.5 2.125

2.0 2.307

2.5 2.482

3.0 2.531

3.5 2.587
1.0
0.9 — -
0.8 /
0.7 — -
0.6 —
0.5 — g
0.4 —
0.3 —
o=] <
0.1 ] T . T . T . ‘,F . . . . . .

0.5 1.0 1.5 2.0 2.5 3.0 3.5
C,/Cy,
Fig. (3-24)The mole ratio method to extract Co (I1) ion by using
(DPDQ).
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Fig. (3-25) The mole ratio method to extract Fe (111) ion by using
(DPDQ)

The results of tables (3-30), (3-31) and figures (3-24), (3-25) confirm
what came in the job’s method (continuous variables) that showed the
committed in the extracted complexes have been (1:2) (M: L) for Co(ll)
complex which means one mole of metal with two mole of reagent and this
means that the empirical formula was (ML;) & (1:3) (M: L), which means one

that mole of metal with three mole of reagent (ML3) for Fe(l1l) complex.

(3-8-3) Substoichiometric Extraction
To study the stoichiometry of the extracted complex of Cobalt , 2.0 mg of

(DPDQ) reagent, taken in 5mL chloroform, was used for the extraction of

increasing amounts of Cobalt (II) ion (from 25 pg to 400 ug at pH= 10).
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The D values of extraction plotted against the amount of ion taken
Fig. (3-26).At the equivalence point, it seen that 2 mg reagent corresponded to
200 pg Co (I1). Hence, the extracted species might have a molar ratio of metal:

reagent = 1: 2.

5.0 T s
4 \-%_
4.5
4.0
o ]
3.5 4
3.0 H
= /
T T T T T T T T T 1
o 50 100 150 200 250 300 350 400 450
rg/smL Co(ll)

Fig. (3-26) Reproducibility of Substoichiometric extraction of Co (11) ion
using (DPDQ)

On other hand, the stoichiometry of the extracted complex of Iron , 3.1mg of
(DPDQ) reagent, taken in 5mL chloroform, was used for the extraction of
increasing amounts of Iron (III) ion (from 25 ug to 400 ug at pH= 7). The D

values of extraction plotted against the amount of ion taken Fig. (3-27).
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At the equivalence point, it seen that 3.1 mg reagent corresponded to

200ug Fe (I11). Hence, the extracted species might have a molar ratio of metal:

reagent = 1: 3.
25 -
._._,,..--""'hh-
20 -~
15 -
o
10 S
o /
0 1 ¥ 1 » 1 S 1 s 1 S 1 Lt 1 L 1 ! 1 L 1
o} 50 100 150 200 250 300 350 400 450

ng/smL Fe(lll)

Fig. (3-27) Reproducibility of substoichiometric extraction of Fe (I11) ion
using (DPDQ).

(3-9) Study the stability for the extracted complexes in organic
phase.

The stability of the complex represented by the magnitude of an
equilibrium constant representing its formation. Stability constant[102] of the
two extracted complexes in the organic phase were calculated (ML;) & (MLs3)

by drawing the equilibrium reactions for extracted complexes.

M> + 2L ML, (for cobalt (11) complex)
aC  20C (1-0)C
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K =(1-a) C)/oCQRaC)2  ------mmmmmmmmmev (3-4)
@ =" (3-5)

Where a: dissociation degree
C: Metal concentration
K: Stability constant
Am: The greatest absorption
As: The absorption at end point

M+ 3L ML3
aC  3aC (1-0pc ~ (for Iron (111) complex)
K = (1-a) C / (aC (30C) )........... (3-6)

Table (3-32) Data of dissociation constant and stability constant for
extracted complexes.

Complex A As o Ksta.
[Co(DPDQ)2(H20)2] | 0.895 0.681 02391 | 19.3333x108
[Fe(DPDQ)3] 2587 2.482 0.0405 | 3.56675x10%3

(3-10) Spectrophotometric studied

(3-10-1) Study of UV —Visible Spectra of complexes
1. The (UV —Vis.) spectrum for the complex Co (I1) ion with (DPDQ).

Figure (3-28) exhibits a high intense absorption peak at (521.5nm)
which used to measure absorption of the complex. By comparing

absorption spectrum of reagent, there is red shift for complex.
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Figure (3-28) UV -vis. spectrum for the Co (I1) complex

2. The (UV -Vis.) spectrum for the complex Fe (111) ion with (DPDQ).
Figure (3-29) exhibits a high intense absorption peak at (505.5nm)

which used to measure absorption of the complex. By comparing

absorption spectrum of reagent, there is red shift for complex.
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Figure (3-29) UV —Vis. Spectrum for the Fe (111) complex
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(3-10-2) Study of FT.IR spectra of complexes: -
FT.IR spectra was recorded for complexes explains as shown in figures

(3-30) & (3-31), the data of FT.IR. Spectra listed in table (3-33): -

Table (3-33) Typical FT-IR absorption frequencies for reagent and
complexes in (cm™?) [84-86]

Bond Reagent Cobalt complex Iron complex
St.(C=N) 1599.04 1581.68 1597.11
St.(C-N) 1363.72 1359.86 1361.79
St.(C=C)Aromatic 1568.18 1568 1568.18
St.(C-H)Aromatic 3063.06 3063 3063
St.(N=N) 1506.46 1494.88 1494.88
St.(O-H) 3267.52
St.(C-H)Aliphatic 2808.45 2802.66 2804.59
St.(M-N) 41857 493.19
St.(M-0) 518.87 615.31

can explain the results as blow:-

1- The stretching vibration of the (C=N)group has shifted from (1599.04cm
1) in the ligand to (1581.68 cm™) in Cobalt (I1) complex and to (1597.11
cm?) in Iron (111) complex , which suggests that the electron pairs on N
group is not involved in bonding .

2- The absorption in (2808.45-2802.66 cm™) is due to stretching vibration
for (C-H) aliphatic in reagent and complexes.
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3- The absence of any broad band between (2854 and 3300 cm™) in the
Cobalt and Iron complexes, indicates the absence of v(O-H) thus the
possibility of forming a coordinate link to metal through the oxygen of
(O-H) group.

4- The stretching vibration of the (N=N)group has shifted from (1506.46
cm-1) in the ligand to (1494.88 cm-1) in both Cobalt (I1) complex and
Iron (111) complex , which suggests that the electron pairs on N group is
involved in bonding.

5- The presence of bands in the (418.57 , 493.19 cm™) region and (518.87 ,
615.31 cm™) typical of metal-ligand (M-N)(M-O), suggests that the
bonding of the metal to the ligand is through the oxygen atoms and the
pairs of electron for nitrogen in both complexes of Cobalt (Il) and Iron

(.

.
o
1581.68—
1458 23—

1
“-1494 88=="
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3900 3600 3300 3000 2700 2400 1950 1800 1650 1500 1350 1200 1050 900 750 600 450
5R l/em

Figure (3-30) FT-IR spectrum of cobalt (I11) complex
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Figure (3-31) FT-IR spectrum of Iron (111) complex.

(3-11) Determination of some physical properties of the
complexes

(3-11-1) Melting point
Melting point of extracted complexes and reagent (DPDQ) measured.
Table (3-34) shows the results.
Table (3-34) melting points

Material Melting point 'C
Reagent 164-166
Cobalt complex 295-298
Iron complex 301-304

Table (3-34) shows that the complexes were thermal stable.
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(3-11-2) Electrical conductivity
The molar conductivity of the solutions of the solid complexes was measured

at the concentration of (1x103M) dissolved in ethanol at the laboratory
temperature. The results are shown in the table (3-43), showing the absence of

the ionic character of both complexes (uncharged)[103].

Table (3-35) electrical conductivity

Material Molar electrical
conductivity Q(us/cm?)

Co(DPDQ)2 14

Fe(DPDQ)s 16

(3-12) Study Development of a New Method for Determining the
Concentration of Co (I1) and Fe (I11) lons in the Organic Phase

The ions extracted in the organic layer are often estimated by the process
of stripping. Although, it is characterized by accuracy sometimes, it requires
effort and time with the possibility of losing some of the ions if the precautions
are not sufficient for this purpose and for this the study aimed at the possibility
of identifying cobalt (1) and lIron (Il11) Extracted by the reagent (DPDQ)
individually in the organic phase and directly spectrophotometry, as shown
below: -

1- The absorption spectrum of cobalt (I1) and Iron (I1I) complex was
studied with the (DPDQ) reagent in the organic layer, where the
complexes in the organic phase (chloroform) showed greater absorption
at the wavelength (Amax = 521.5 nm) and (Amax = 505.5 nm) respectively
as in Figures (3-28) and (3-29) above.
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2-

Studying the calibration curve in the organic phase and knowing the
extent to which the concentrations comply with (Lambert-Beer’s law)
and for this purpose, different concentrations of cobalt (I1) ion were
extracted, ranging from (1.6967x10“M — 23.7558x10*M), which is
equivalent to (50pug/ 5mL-700ug/5mL) , and different concentrations
of Iron (I11) ion ranged between (3.5813x10°M — 21.4880x10**M),
which is equivalent to (10pug/5mL-600ug/5mL) by (5mL) of the
(DPDQ) reagent (0.1%) , after separating the organic layer from the
aqueous layer, (5mL) was transferred from the organic layer to a
volumetric flask (25mL) and completed the volume to the mark with
chloroform, and the absorption of the two complexes was measured at
(Amax = 521.5nm) and (Amax = 505.5 nm), respectively, the results were

shown in Figures (3-32) and (3-33), respectively.

ADbs.

3.0 5
y=0.0046X+0.1515
R?=0.9998
2.5+
2.0 +
1.5 H
1.0 A
0.5 +
0.0 T T T T T T T T T T T T T
0 100 200 300 400 500 600
Hg/25mL

Figure (3-32) Calibration Carve of Cobalt complex in Organic phase at

()vmax=521.5nm)
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Figure (3-33) Calibration Carve of Iron (111) complex in Organic phase at
(}umax:505.5nm)

(3-13)The suggested structures for complexes

From the results in this study, the stoichiometry of complexes (M: L)
were found to be (1:2) & (1:3) for Cobalt (I1) & Iron (111) respectively[104].
The suggested structures of complexes explained in figure (3-34).

_ _ 0 — _0
Y
\
N < RS
- <N N SN N
N o) / \;\J N=
/ H l/ O //o

Fig. (3-34)The suggested figure for the complexes
(a.Cobalt (11) complex, b. Iron (111) complex)
103



Chapter three Results & Dissection

(3-14) Applications

The applied study included determine each of the Cobalt (11)
in the Hair sample using Atomic Absorption Spectroscopy, and
Vitamin (Bj) that was relied on the concentration of Cobalt
mentioned on the ampoule, as it is one of the products of the company
(GERDA) and the Cobalt concentration was (43.481ug/4mL), The
comparison of results obtained from the practical results of extracting
the cobalt in the two samples with the reagent (DPDQ) with
estimating the amount extracted in the organic phase, showing that
the results for the Hair sample close to the Atomic Absorption method
, and the practical results of vitamin (Bj,) were also close to that

mentioned on the ampoule.

The applied study also included the determination of the Iron ions
in samples of medical drugs, and it was based on the percentage of
Iron ions mentioned on the drug, where the drug (Referum) which is
one of the products of the company (Replek Farm) and contains
(100mg Iron(Fe3*)/tablet), and the drug (Ferrous Sulfate Tablets)
produced by the company (Actavis) that contain (65mg ferrous
Iron/tablet) , the practical results were very close to what was
mentioned on the two drugs. Table (3-36) shows the applied results

for the extraction of cobalt and Iron ions.
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Table (3-36) Results of the Applications of Cobalt & Iron

Extraction
Sample Extracted Atomic E%
P method method (error percentage)
3.444
Hair 10.875 ng/g 11.263 ng/g
Cobalt 1,024
Vit.B12 41.731 pg/10ml
4.500
Referum tablet 191pg/5mL
Iron
5.010
Ferrous Sulfate 123.5 ug/SmL

tablets

(3-15) Sequential extraction

The sequential separation of Cobalt (I1) and Iron (IIl) ions

shows diagram illustrates this process.
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Co (II) +~ Fe (1I1II)
pH=2
(DOPD Q) in chloroform
Shakingtime = 15 min.

OrganicPhase Contain
(50% Co?+ + 10% Fe3*+)
+
prH=1.5
Shakingtime = 30 min.

OrganicPhase
10 % Fe 3+

(Aqueous Phase
50% Co 2+

Aqueotlts Phase
50% Co 2+
90% Fe3+
+
pH=2
(DOPDQ)in chloroform
Shakingtime = 15 min.

organic phase Agqueous phase
25% Co 2+ 25% Co2+
10% Fe3+ B0% Fe3r
+
+ (DPDQ)in chloroform
pH=1.5 Shaking time — 15 min
Shakingtime =
30 min I
I 1
= Organic phase Aqueous
Organic pglase 12.5% Co?* 12.5% Co?+
10% Fe3™* 10% Fod+ 70% Fe3+
+
+
Aqueous phase =
25% Co?* pH = 1.5 pH =2
OPDQ) OPDQ)

Shakingtime = 30 min

Shakingtime =15 min

Organic phase|
10% Fe3+

Aqueous
phase

12.5% Co?*

Organic phase
6.25 % Co 2+

10% Fe3+

AquUcous
phase

6.25 % Co 2+
60% Fe 3+

Scheme. (3-2)The Sequential extraction of Cobalt (11) & Fe (I11) ion
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(3-16) Statistical Treatment
Relative standard deviation dependent as a measure for precision of data in all

experiments. For this purpose, extraction Co (Il) (6.7873x10“M),
(10.1810x10*M) and Fe (l11) (7.1626x104M), (10.7440x10*M), separately,
by using (5 mL) of (DPDQ) dissolved in chloroform. The results obtained in
tables (3-37) & (3-38) respectively.

Table (3-37) The absorption and RSD for extraction of two
concentration of Co (I1) ion with (DPDQ) dissolved in chloroform.

Exp.NO. | Abs. (6.7873x10*M) | Abs. (10.1810x10"M)
1 0.026 0.024
2 0.025 0.023
3 0.025 0.023
4 0.026 0.023
RSD% 2.2641 2.1505

Table (3-38) The absorption and RSD for extraction of two
concentration of Fe (111) ion with (DPDQ) dissolved in chloroform.

Exp.NO. | Abs. (7.1626x10*M) | Abs. (10.7440x10"M)
1 0.097 0.195
2 0.097 0.195
3 0.096 0.195
4 0.097 0.194
RSD% 0.5167 0.2567

The tables show that (RSD) in permitted rang in the experimental
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(3-17) Conclusion

1.

9.

This study synthesized a new azo derivative from 8-hydroxy quinoline by
nitrogen method, and characterization of it by spectroscopic methods
such as UV-Vis., FT-IR, tHNMR and *CNMR.

The maximum wavelength (Amax) was (442 nm) in a chloroform as a best
solvent for the reagent and the melting point was (164-166°C).

The synthesized reagent use to extract Cobalt (11) and Iron (111) ions from
an agueous solution.

The study included parameters that affected this extraction process such
as acidity, time extraction, temperature.

The study of pH effected on extraction explain that the optimum acidity
media was (10, 7) to extracted Cobalt (11) and Iron (111) respectively.
The extraction process give a good results at low temperatures because
the study of thermodynamic functions (AH, AG, AS) that the process was
exothermic and spontaneously.

The extracted complex has a red shift in UV-Vis. Spectrum against the
reagent.

The extracted complexes have a lower electrical conductivity that
explains NO effect of the dielectric constant of solvents on extraction
process for these ions.

Each complex has an octahedral shape.

10. The new reagent could be used to extracted Cobalt (I11) & Iron ions from

biological and drug samples with a good result.

11.There is no linear proportion between the solvent polarities and (D) value

for Cobalt & Iron ions, thus; indicates that the extracted complexes are

neutral.
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12.The distribution ratio and E% decrease in presence of certain cations and
anions and increase in presence of another certain cations and anions for
Cobalt & Iron ions being investigated.

13.The batch extraction technique enhanced the extraction but not much.

14.The new reagent successful in sequentially separation for cobalt (1) and

Iron (I11) ions.

(3- 18) Recommendations
1-Possibility to use the newly synthesized reagent to extract an other
metal ions.
2-Use an other azo derivative of 8-hydroxy quinoline as a reagent to
extracted Co (I1) and Fe (I11) ions.
3-Possibility to use the newly synthesized reagent in quantitative
spectroscopic for metal ions.
4- Use the newly synthesized reagent in the sequential separation of other
metal ions.
5- Study the biological activity of the complexes of the newly

synthesized reagent with metal ions.
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Appendix

Appendix (1)

Calculation of RSD at (6.7873x10*M) of Co (l1)

No.
. JEEI—%)2
Read| Abs.(Xi)| Mean S =*"—| RSD =£_>< 100
(X) | (Xi-X)| Z(Xi-X)? *
1 | 0.026 0.0005
2 | 0.025 -0.0005
0.0255 1x10® | 57.735x10° 2.2641
3 0.025 -0.0005
4 | 0.026 0.0005
Calculation of RSD at (10.1810x10*M) of Co (1)
No. JEEI-%)2 S
Read| Abs.(Xi)| Mean S =""N=T | RSD ==x 100
(X) | (Xi-X)| $(Xi-X)? §
1 0.024 -0.00075
) 0.023 -0.00025
0.02325 75x10° 0.0005 2.1505
3 0.023 -0.00025
4 0.023 -0.00025
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Appendix (2)

Calculation of RSD at (7.1626x10*M) of Fe (111)

No.
. VEEI-%)2
Read | Abs.(Xi)| Mean §S="7"| RSD = E_ X 100
X) | (Xi-X)| T Xi-X)? x
1 0.097 0.00025
) 0.097 0.00025
0.09675 75x10° 0.0005 0.5167
3 0.096 -0.00075
4 0.097 0.00025
Calculation of RSD at (10.7440x10*M) of Fe (111)
No. JEEI-%)2 S
Read| Abs.(Xi)| Mean S =""N=T | RSD ==x 100
X) | (Xi-X)| 3 Xi-X)? x
1 0.195 0.00025
) 0.195 0.00025
0.19475 75x10° 0.0005 0.2567
3 0.195 0.00025
4 0.194 -0.00075
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