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        Since its inception in 1985, Cloud-point extraction (CPE) 

methodology has constituted an important theme in the analytical 

chemistry as promising procedure for the separation and preconcentration 

for the metal ions and organic compounds from the complex matrices 

samples. Nowadays, it has been begins to take a large noteworthy 

position among the other modern separation methods in scientific 

research and application on a high level due to its simplicity, rapidity, 

more precise and cheapness beside an environmentally-friendly method, 

therefore, this research includes three main chapters .  

       Chapter One includes introduction of azo-azomethine compounds 

and their complexes and a view of the different extraction techniques, 

fundamental principles and potential applications of CPE methodology in 

analytical chemistry. It also involves a concise review on the latest 

developments of the method and its applications for the determination of 

cadmium, copper and cobalt by CPE . 

       Chapter Two consists of an outline of different  instrumental 

techniques , general apparatus and chemicals used in the present work. 

The synthesis paths of  azo-azomethine compounds (L1 to L4) and 

primary testing of complex formation between metal ions and reagents, 

determination of λmax . As well as optimization of the experimental 

conditions (volume reagent, reaction time, temperature and pH) and 

determination of dissociation degree and stability constant, stoichiometry 

of the complex (Continuous variation method -Job method). In addition 
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to, the complexes were prepared for L2 with salts CuCl2.2H2O and 

CoCl2.6H2O and L4 with salts CrCl3.6HO and CdCl2.H2O. The analytical 

procedures for CPE which were designed for the determination of 

analytes including optimization of the Parameters for CPE including 

(reagent concentration, HCl concentration, incubation time, equilibration 

temperature, thermodynamic study and Triton X-100 volume) were 

selected in this study. The present CPE method was applied for 

determination concentration of metal ions (Cd
2+

, Cu
2+ 

and Co
2+

) in real 

samples by FAAS.                                                                                     

            Chapter Three included the new azo-azomethine compounds 

prepared and their complexes which were characterized by various 

analytical techniques as a UV-Visible spectroscopy(UV-Vis), Infrared 

Spectroscopy(FT-IR), Nuclear Magnetic Resonance Spectroscopy(
1
H-

NMR), Mass Spectra and Molar Electrical Conductivity for complexes 

and the results were identical to what is expected scientifically. The 

spatial shape of the complexes which was prepared is (octahedral) and 

stoichiometry of the complex. It’s ratio 1:1.                                           

           In chapter three, there are  too highlights on the results and 

discussion in analytical applications for the separation and 

preconcentration for the metal with separation and extraction method, 

such as cloud-point extraction (CPE) as an separation technique that uses 

a surfactant, instead of organic solvents for phase separation.                    

                   

          In the first part of CPE, Analytical reagent namely                       

6-((1E)-((2-(((E)-2-hydroxy-3-methoxy-4-((6-methoxybenzo[d]thiazol-2- 

 yl)diazenyl)benzylidene)amino)benzyl)imino)methyl)-2-methoxy-3- ((6-

methoxybenzo[d]thiazol-2-yl)diazenyl)phenol (L1) after synthesis and  

characterization  by using various analytical techniques as a  preliminary 
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step toward it’s using as an organic reagent for the extraction process 

involve the conversion of cadmium(II) ion in acidic into chloro anion 

CdCl4
2-

 complex and subsequently the hydrophobic ion-pair complex 

formed with (L1) cation was extracted into the nonionic surfactant (Triton 

X-100) rich phase at a temperature above its cloud point (CPT).  

Separation of cadmium ion by CPE involves the preceding formation of 

complex with the sufficient hydrophobicity to be extract into the small 

volume of surfactant rich phase as CdCl4
2-

. Accordingly, two separation 

schemes were designed and studied with CPE for the determination of 

Cd(II) as CdCl4
2-

 using cloud point extraction (CPE) methodology by 

FAAS and the understanding of the mechanism of solubilisation and 

phases separation via the extensive thermodynamic studies of these forms 

in CPE system. Various parameters that can impact the extraction 

efficiency of these species are optimized by using one-factor-at-a-time 

(OFAT) procedure such as organic reagent concentration, HCl 

concentration , incubation time , equilibration temperature and  Triton X-

100 amount . Under its optimum conditions, the obtained results showed 

the enrichment factor of 51.259 which is achieved for Cd with the L1. The 

linear range for Cd
2+ 

of (0.01-1.3) μg.ml
-1

 is with detection limit of 

0.012464 μg ml
-1

. The precision (%RSD, n=8) of the proposed is %1.308 

 at 0.05 μg ml
-1 

Cd (II) , the developed method was applied for the 

determination of Cd(II) concentration in real samples including river, tap 

waters, milk, tea, tobacco and soil. The accuracy was determined by 

recovery percentage for real samples,it’s found good recoveries (100.165-

103.383%) for Cd
2+ 

with L1.                                                                         

          In the second part of CPE, Analytical reagent namely6,6'-

((1E,1'E)-(1,2-phenylenebis(azanylylidene))bis (methanylylidene))bis(3-

(phenyldiazenyl)phenol)(L2) was synthesised and fully characterized by 
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using various analytical techniques as a  preliminary step toward its using 

as an organic reagent for the formation of an ion-association complex 

with copper ion in acidic medium, apt to interact with surfactant in 

solution. The L2 as a reagent for the formation of an ion association 

complex with copper in acidic solution and the complex is extracted into 

the surfactant Triton X-100 at optimum conditions.  The surfactant-rich 

phase which contains copper complex is mediated with solvent and the 

Cu content measured by FAAS (λmax = 324.75 nm) .  The effects of the 

several variables which affect the CPE efficiency are optimized by OFAT 

procedure beside other parameters with which one is mentioned with 

Cu(II) . The thermodynamic study was also investigated to expand the 

understanding of the mechanism of solvation of Cu(II) in the micelles . 

Under the optimized condition established, the enrichment factor of 

52.574 was achieved for Cu
2+

 with the L2 . The concentration range of 

(0.01-3) μg ml
-1

 leads to detection limit of 0.017238 μg ml
-1

. The 

precision for ((%RSD, n=8) at 0.05μg.ml
-1

 Cu
2+

 was of %1.063. The 

developed method was used  for the determination concentration of Cu
2+

 

in real samples. The accuracy was determined by recovery percentage for 

real samples, it’s found good recoveries (100.380-103.377%) for Cu
2+

 

with L2.                         

          In the third part CPE, Analytical reagent namely6-(((2-(((E)-2-

hydroxy-3-methoxy-4-(o-tolyldiazenyl)benzylidene)amino) 

benzyl)imino)methyl)-2-methoxy-3-(o-tolyldiazenyl)phenol(L3)was 

synthesised and fully characterized by using various analytical techniques 

as a  preliminary step toward its using as an organic reagent for the 

formation of an ion-association complex with cobalt ion in acidic medium 

and the complex is extracted into the surfactant Triton X-100 at optimum 

conditions for determination of Co(II) as CoCl4
2-

 ion by using the 

combined cloud point extraction (CPE) methodology. After phase 
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separation, the surfactant-rich phase was diluted with 1M HNO3 in 

methanol and cobalt (II) ion determined by FAAS technique at λmax of 

240.72 nm. The optimization of complexation and extraction conditions 

was investigated. Thermodynamic parameters of CPE for solubilization 

process of the ion-pair complex in Triton X-100 were also considered. 

Under the optimized conditions, the preconcentration of a 15ml sample 

which gave preconcentration and enrichment factors were of 15 and 

54.078 respectively. The calibration graph was linear in the range of 

(0.025-3) μg ml
-1

 with a limit of detection and quantitation limit 0.011534 

and 0.038446 µg ml
−1

. The relative standard deviation for replicate 

determinations at 0.05µg ml
−1

 level was of (0.823%, n=8). The proposed 

method was applied for the determination of cobalt in river, tap waters, 

milk, black tea , tobacco and soil by FAAS. The accuracy was determined 

by recovery percentage for real samples, it’s found good recoveries 

(101.108-104.918%) for Co
2+

 with L3 .   

        The study of the stoichiometry for ion association complexes using 

the slope analysis technique showed that the ion association complex 

ratio was 1:1 for all extracted complexes                                                
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Introduction 

1.1: Azo - Azomethine dyes 

       Azo and azomethine dyes are organic dyes that contain the  

characteristic –N=N–  and –CH=N– chromophores
(1)

. Azo-azomethine 

compounds are derived from the reaction between the Schiff base and azo 

represented in important series of widely studies organic ligands
(2)

. Azo‐  

Schiff bases, having imine groups(C=N), are formed by the  condensation 

reaction of (NH2) primary amines with (CO) aldehydes or ketones
(3–5) 

and 

those having azo groups (–N=N–), are formed by a coupling reaction 

between a diazonium salt and a coupling agent
(6) 

. A large number of 

(N,N΄) - donor ligands in azo imine family have been prepared in the last 

few years
(7,8)

. The spectral properties of azo dyes depend on the nature of 

both the azo and the coupling components. For example, azomethine 

compounds which have some interesting structural properties and uses 

can be prepared by coupling of azo and methine groups
(9,10)

. Azo–

azomethine dyes are relatively robust and chemically stable and their 

spectral properties depend on the combination of electron-donating and 

withdrawing moieties in the molecules
(11)

. Furthermore, considerable 

attentions are paid to the study of azo-azomethine dyes containing 

hydroxyl groups due to their metabolites which are toxic and 

carcinogenic
(12,13)

. The prototropic properties of hydroxyl groups of those 

dyes have important consequences on their electronic structure which can 

be exploited for their thermochromic and/or photochromic behavior
(14)

 

and also for the design of molecular electronic devices
(15)

. However, 

photo-physical and photo-chemical properties of polyhydroxy azo–

azomethine dyes are in turn strongly influenced by several factors 

including temperature, substituent groups and solvent polarity
(16,17)

. 
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       This class of azo compounds possess active (π - acidic) azo imine     

(-N=N-,CH=N-) function as efficient agents to stabilize low valent metal 

oxidation states due to the presence of azo-centered π*-molecular orbital, 

for this reason a number of these compounds were prepared and their 

abilities as chelating ligands were investigated
(18-20)

. All of imine, azo and 

imine-azo product derivatives contain chromophoric group. They will 

examine the change in the color of solution through the addition of base 

and acid. Azo group indicates stabilization in the acid and base condition 

while the imine could be hydrolyzed in the base condition
(21)

. p-Acceptor 

ligands such as azo-containing compounds or an imines are capable of 

stabilizing metals in formally low oxidation states
(22)

.
 
Schiff bases are 

derived from azo chromophore group containing aromatic aldehydes have 

been extensively studied
(23)

. Azo–azomethine ligands contain both azo 

and azomethine groups. Azo groups possess excellent donor properties 

and play an important role in coordination chemistry
(23,24)

. These 

compounds have received special attention in coordination chemistry due 

to their mixed hard–soft donor character and versatile coordination 

behavior
(25)

. Azo-azomethines are known to be interesting because of the 

existence of both hard nitrogen and/or oxygen donor atoms in the 

backbones of these compounds, some of which have interesting physical 

and chemical properties
(26)

. Therefore, several studies have been 

published on the synthesis and spectral properties of azo-azomethine 

dyes, as well as their transition metal complexes
(27-29)

. All colors of dye 

are available in azo dyestuff: yellow, red, purple, blue, green, brown, and 

black) as the amount of azo-groups increases, the intensity of the color 

increases. In addition, the color intensity increases when groups such as   

- OH, - NH2, - N(CH3)2, - CH3 and halogens are abundant and when  



                                                                                         

Introduction    Chapter one                                                 

 
 
 
 3 

 

naphthalene derivatives, instead of  benzene derivatives, are used
(30)

.  

Azo-azomethine dyes have the ability to form different type of intra- and 

intermolecular hydrogen bond and intramolecular proton transfer between 

their nitrogen atoms. This tautomerization can be induced either by light, 

heat or the solvent
(31,32)

. Intermolecular proton transfer of this class of 

dyes has important consequences on their electronic structure which may 

be exploited for their photochromic and/or thermochromics behavior
(33)

. 

Azo colorants and salicylaldehyde azo are a part of our everyday colorful 

life, thus, the study of the relationship between their structure and optical 

behaviors in different media will be most interesting for practical 

applications. Furthermore, the substituent change in salicylaldehyde azo 

and related schiff bases alters the photophysical properties such as 

electronic structure, ground and excited state dipole moments and intra- 

and inter-molecular interactions in solutions. Along with substitution 

changes, solvent effects can play a significant role in many chemical and 

physical behaviors such as hydrogen bonding and tautomerism of Schiff 

bases in solutions
(34)

. Therefore, it is remarkable that azomethine 

containing azo dyes are forming complexes with certain metals. Obtained 

metal complexes are used as nonlinear optic materials. The crucial point 

of nonlinear optic material synthesis, is the highly polarizable 

characteristic of the molecule to be synthesized. To provide this, 

substituent groups of different characteristics must be conjugated to the 

structure
(35)

. These groups are compelled to be good electron donors and 

acceptors, so that the polarizability of the molecule increases
(11)

. Azo-

schiff bases play an important role in inorganic chemistry as they easily 

form stable complexes with most transition metal ions such as cobalt(II), 

nickel(II) and copper(II). The development of the field of bioinorganic  
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chemistry has increased the interest in Schiff base complexes, since it is 

recognized that many of these complexes may serve as models for 

biologically important species
(36)

.  

        Because of the importance of azo-containing Schiff base compounds 

and in continuance of the interest in syntheses of azo-schiff base 

compounds, Eissa
(37)

 was prepared of new Azo schiff bases by 

condensation of 3-formyl-4-hydroxy phenylazo benzene. With both 1,3-

diamino xylylene, 2,6-diamino Pyridine, 1,5-diamino-2-methyl pentane 

respectively in (scheme1). The (I,II,III) compounds are new and prepared 

for the first time. The new compounds were identified by 
1
H-NMR, IR, 

LC-MS spectral methods and were studied for antibacterial activities 

against (Bacillus subtilis and Staphylococcus aureus) which are gram 

positive and (Salmonella typhi and Esche-richia coli) that are gram 

negative. The results show that their activities were found to vary from 

moderate to very strong . 

 

Compound I 

 

 Compound II 
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 Compound III 

Scheme 1: Azo-Schiff base compounds 

        Khanmohammadi H. and Khodam F.
(38)

 were synthesized of a new 

series of azo–azomethine dyes with N2S2O2 donor set of atoms which 

were synthesized via condensation reaction of α,α′-bis(2-aminoethylthio)-

1,3-xylene and substituted azo-coupled salicylaldehyde in (scheme 2). 

The dyes were characterized by IR, UV–Vis and 
1
H - NMR spectroscopic 

methods as well as elemental analysis.  

 

Scheme 2: New series of azo-azomethine deys 

    Bitmez S.et.al
(39)

 were synthesized of  a new tridentate azo–azomethine 

ligand, N'-[{2-hydroxy-5-[(4-nitrophenyl)diazenyl]phenyl}methylidene] 

Benzohydrazidemonohydrate,(sbH.H2O), which is prepared by 

condensation of benzohydrazide and 2-hydroxy-5-[(4-nitrophenyl) 

diazenyl]benzaldehyde from treatment of a solution of diazonium salt of 

p-nitroaniline and 2- hydroxybenzaldehyde in EtOH which is shown in 

(scheme 3). The structures of the compounds are elucidated from the 

elemental analyses data and spectroscopic studies. It is found that the  
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ligand acts as a tridentate bending through phenolic and carbonyl oxygens 

and nitrogen atom of the C=N-group similar to the most of 

salicylaldimines.  

 

Scheme 3: Synthesis of azo–azomethine (sbH.H2O) 

   
      Azo schiff base dyes are derived from the reaction between the schiff 

base and azo compounds . 

1.2: Azo compounds 

         Azo dyes are chemical compounds that have the R-N=N-R` 

functional group, where R and R` can either be alkyl or aryl group
(40) 

. 

Azo dyes are derivatives of diimide (also called diazene), HN=NH, in 

which the two hydrogen atoms can be replaced with aliphatic or aromatic 

groups
(41)

. The name azo refers to the N=N and is taken from the French  

name for nitrogen, which is azote. The original word itself is from Greek 

meaning without “a” life “zoe”
(42)

. Azo dyes can be classified according 

to the number of azo groups that is found in the compound: monoazo for 

one, diazo for two, or triazo for three azo groups. They can also be 

classified according to the auxochromic group that is found in it, for  
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example, acidic azo dyes (that have acidic groups such as -SO3H, -

COOH) and basic dyes (that have basic groups such as dialylamino,  

alkylamino and amino)
(43)

. Approximately 70-80% of all dyes in textile 

manufacture and food industry are azo dyes. Although azo dyes can 

provide all the colors of the visible spectrum, in practice the yellow/red 

dyes are more prominent than the blue/brown dyes
(44)

. Azo compounds 

are  very important chemical compounds
(45)

, receiving attention in many  

areas of research . They are colored, used as dyes and pigments for a long 

time
(46)

. Azo dyes are easily prepared using the coupling reactions
(47)

. 

Azo-coupling is one of the most important reactions for combining 

aromatic rings
(48)

 and preparing azobenzene derivatives which contain 

active functional groups as a precursor for further synthesis to give 

different organic molecules such as : azo-amide
(49)

, azo-imine 
(50)

. 

1.3: Synthesis of Azo dyes  

       The general synthetic route of azo compounds involves two steps: 

diazotization and azo coupling. 

1.3.1: Diazotization 

        The diazonium salts are very unstable; the only relatively stable 

diazonium salts are the aromatic ones, and these are not particularly 

stable . This is because the presence of the benzene ring with its high 

electron density stabilises the N≡N group. Benzenediazonium chloride is 

an example of a diazonium salt : 
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in aqueous solution, Benzenediazonium chloride decomposes above 

temperatures of 5°C and the solid compound is explosive; for this  reason, 

diazonium salts are prepared in ice-cold solutions and are used   

immediately. They are synthesised in a diazotisation reaction a cold 

solution of sodium nitrate which is added to a solution of arylamine in 

concentrated acid (below 5 ºC). The acid firstly reacts with the sodium 

nitrate to form an unstable nitrous acid
(51)

 : 

NaNO2(aq) + HCl(aq) → HNO2(aq) + NaCl(aq) 

The nitrous acid then reacts with the arylamine: 

         : 

 

1.3.2: Diazo Coupling Reactions 

       In a diazo coupling reaction, the diazonium salt reacts with another 

arene (the coupling agent) . The diazonium salt acts as an electrophile, 

reacting with the benzene ring of the coupling agent. When the ice-cold 

solution of the diazonium salt is added to a solution containing the 

coupling agent, a coloured precipitate of an azo compound is formed, 

many of these compounds are dyes. The coupling agent always reacts in 

the ortho or para positions of the benzene ring (where one position is the 

functional group). The colour of the compound formed depends on the 

coupling agent that is being reacted with diazonium salt
(52) 

. 
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1.3.2.1: Coupling with Amines  

      The coupling is often formed when a diazonium salt is reacted 

with arylamines . 

  

Scheme 4: Coupling with amine  

        Many different azo compounds can be formed by coupling different 

diazonium salts . 

1.3.2.2: Coupling with B-Naphthols  

     The coupling is often when a diazonium salt is reacted with a B-

naphthol
(53)

  

 Scheme 5: Coupling with B-naphthol 

1.4: Schiff base ligands 

1.4.1: Historical background of schiff base ligands 

       Schiff base ligands are also known as imines or azomethine that were 

discovered by Hugo Schiff, a German scientist after condensing primary 

amines with carbonyl compounds in 1864
(54)

. The schiff base ligands are 

compounds that contain carbon-nitrogen double bond backbone 

R3R2C=NR1
(54)

. The substituents R1, R2 and R3 may be alkyl, aryl, 

heteroaryl or hydrogen. Schiff base compound was found to be useful as 

ligands for preparation of metal complexes and as bioactive agents in 

medicinal fields
(55)

.  
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1.4.2: The chemistry of Schiff base ligands  

       The condensation of primary amines with aldehydes or ketones gives 

imines. Imines that contain  an aryl group bound to the nitrogen or to the 

carbon atom are called schiff bases
(56)

.  

 

Scheme 6: Formation of schiff base 

 
        The formation of a schiff base from an aldehydes or ketones is a 

reversible reaction and generally takes place under acid or base catalysis, 

or upon heating. The formation is generally derived to the completion by 

the separation of the product or the removal of water, or both. Many 

schiff bases can be hydrolyzed back to their aldehydes or ketones and 

amines by acid or base
(57,58)

. The mechanism of schiff base  formation is 

including of neucleophilic addition to the carbonyl group. In this case, the 

neucleophile is the amine. In the first part of the mechanism, the amine 

reacts with the aldehyde or ketone to give an unstable addition compound 

called carbinolamine. 

Scheme 7: Formation of Schiff base with carbinolamine intermediate  

 

       

        



                                                                                         

Introduction    Chapter one                                                 

 
 
 
 11 

           

      The carbinolamine loses water by either acid or base catalyzed 

pathways. Since the carbinolamine is an alcohol, it undergoes acid 

catalyzed dehydration. The dehydration of carbinolamine is also 

catalyzed by base. This reaction is somewhat analogous to the E2 

elimination of alkyl halides. The Schiff base formation is really a 

sequence of two types of reactions, i.e. addition followed by elimination. 

Yet the acid concentration cannot be too high because amines are basic 

compounds. If the amine is protonated and becomes non-nucleophile, 

equilibrium will be pulled to the left and carbinolamine formation cannot 

occur. Therefore, many schiff bases synthesis are best carried out at mild 

acidic
(59)

. 

 

 

Scheme 8 : The mechanism of Schiff base under acidic conditions 
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       Schiff base ligands are relatively stable, however, owing to the imine 

group in these compounds they are susceptible to hydrolysis and 

transamination by nucleophiles
(60)

. Schiff base ligands have the ability to 

coordinate as mono-dentate to multi-dentate such as tetra-dentate, tri-

dentate, bi-dentate and chelation abilities in the presence of donor 

sites
(61)

.  

1.5: Azo-Azomethine complexes  

      Azo and azomethine dyes are organic dyes that contain the 

characteristic –N=N– and –CH=N– chromophores. Metal complexes of 

these dyes are considered to be important stereochemical models in 

transition metal coordination chemistry due to their preparative 

accessibility and structural variety
(1)

.  The properties of schiff base ligand 

varies based on substituents bonded to the imine functional group. The 

coordination of metals to schiff base ligands takes place through the 

imine nitrogen and another group, which is connected to the aldehyde 

used to form the ligand
(62)

 . Azo group is characterized by a lone pair of 

orbital containing two electrons on nitrogen atom, if linked to an aromatic 

ring carrying an additional donor sites is well suitable for chelation and 

its complexes contain both azo and azomethine groups
(63)

. Azo-

azomethine metal complexes have been studied extensively for years due 

to the synthetic flexibilities of these schiff base ligands and their 

selectivity as well as sensitivity towards the transition metal ions
(64)

.  

These compounds have a great ability to coordinate with many metal ions 

and form stable complexes. The coordination compounds of azo-

azomethine ligands are also widely used in medicine, for corrosion 

prevention
(65)

. Some azo containing schiff  base complexes were also 

used as catalysts in many organic reactions such as oxidations or  
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reductions on many chemical compounds
(66)

.
 
 In addition to the above 

features, the catalysis of alkene oxidation by soluble transition metal 

complexes is of great interest in both biomimetic and synthetic 

chemistry
(67)

.  Because the oxidation reactions are carried out in elevated 

temperatures, it has become important to synthesize thermally stable 

schiff base complexes as catalysts
(68)

. Azo schiff base and their 

complexes with transition metal ions are also of importance due to their 

complexing, catalystical, biological properties
(69)

.  

          

       Anitha C. et.al
(70)

 were synthesized and characterized of azo schiff 

base complexes of Co(II), Ni(II), Cu(II), Mn(II), and Zn(II) from 4-((4- 

chlorophenyl)diazenyl)-2-((p-tolylimino)methyl) phenol (CDTMP) in 

(scheme 9). The nature of bonding and the structural features of the 

complexes have been deduced from elemental analysis, molar 

conductance measurements, IR, UV-Vis,1H-NMR and mass spectra.  

Spectroscopic and other analytical studies reveal square-planar geometry 

for copper and octahedral geometry for other complexes and the obtained  

data showed that the stoichiometry of the chelates is 1: 2 (M:L) and the 

analytical data of the complexes are in good agreement with the general 

formula ML2.  
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Scheme 9: Synthesis of azo-schiff base complexes 

      

      Ispir
 
E.

(9)
  was synthesized and characterized of a series of  azo-linked 

 salicylidenic schiff bases named 2-((E)-(4-((E)- phenyldiazenyl) phenyl 

imino)methyl)phenol(Hbab),4-((1E)-(4-(phenyldiazenyl) phenyl imino) 

methyl)benzene-1,3-diol (Dhbab) and 4-((E)-(4-((E)-phenyldiazenyl) 

phenyl imino)methyl)benzene-1,2,3-triol (Thbab) and their Co(II) and 

Cu(II) complexes in (scheme 10). The ligands were synthesized by the 

reaction of p-aminoazobenzene with salicylaldehyde,2,4- 

dihydroxybenzaldehyde and 2,3,4-trihydroxybenzaldehyde, respectively . 

All prepared compounds were characterized using elemental analyses, IR, 

UV–visible spectroscopy and conductance measurements. According to 

the analytical, UV–visible and IR data, the Co(II) and Cu(II) metal    

complexes are formed by the coordination of N, O atoms of the ligands. 

The analytical data shows that the metal to ligand ratio in the 

mononuclear schiff base complexes is 1:2 .            

 

Scheme 10: Synthesis of series of azo -linked salicylidenic schiff bases     
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1.6: Extraction Techniques  

         In chemical analysis separation process including the separation of a 

substance from a matrix. In spite of the development and advancement of 

modern analytical instrumentation, direct analysis of ultra-trace amount 

of compounds and metals in complex matrix is still difficult and 

sometimes it is an impossible task than the determination of total 

compounds contents because:-   

          

        For compounds present at ultra- trace amount, few suitable 

analytical procedures.  

        There are difficulties associated with isolating the targeting 

compound from complex matrices.  

        Most of the techniques available disturb the equilibrium existing 

between the various compounds which are present in the system under 

study and suitable standard reference materials are of the unavailable
(71)

. 

        In such matrices, the detection be supposed to preceded by 

separation and preconcentration simultaneously. This provide lowering 

the detection limit, minimizing contaminants, and eliminating matrix 

effect of many compounds with different techniques. Preconcentration  

techniques ought to be touchy, and particular for smaller scale segments, 

speed, simple procedure among others, and ecologically safe. There are 

several separation/ preconcentration methods reported in the chemical 

literature and among them such as liquid-liquid extraction (LLE)
(72)

 and 

solid phase extraction (SPE), but each has its own disadvantages. For 

example, LLE used large amounts of organic solvents which make this 

method harmful to the analysts and environment because of its toxicity 

(i.e. eco-unfriendly), labor to be intensive, expensive and time- 
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consuming. Whilst SPE used less organic solvents but it is not available 

in each laboratory, more expensive and when it be automated entails 

additional cost and complexity
(73)

.  

       Therefore, there is a great need for new separation/ preconcentration 

method to reach to the modern analytical methods. In this respect, several 

separation / preconcentration techniques came into being that using and 

consumption of minimum solvents and reduce in the laboratory wastes.  

These methods include, solid-phase micro extraction (SPME), liquid 

phase micro extraction (LPME), homogenous liquid liquid extraction 

(HLLE), dispersive liquid–liquid micro extraction (DLLME), single drop 

micro extraction (SDME) and cloud-point extraction (CPE)
(74)

. 

       Despite SPE and its counterpart methods like SPME, LPME and 

DLLME are complied with green chemistry criteria and their success in 

the separation and enrichment of diverse analytes in different samples  

matrices due to their ability for automation with analytical instruments. 

But they are not without disadvantages, such as those matrix 

interferences, using slightly more organic toxic solvent and forming 

secondary waste, some of them are restricted in using with specific  

instruments, poor enhancement factors, relatively expensive, time- 

consuming and unavailable in many laboratories
(75)

. 

       Cloud point extraction has two directions of benefits, the first is the 

selective extraction because of using a special type of surfactant, and the 

second is the preconcentration for the analyte before determination in  

instrument. The comparison between the extraction techniques is 

summarized in table (1.1) .  

 



                                                                                         

Introduction    Chapter one                                                 

 
 
 
 17 

Table (1.1): Comparison of different extraction techniques for liquid 

samples
(76)

   

Parameter LLE SPE SPME CPE 

 

Brief description 

 

 

 

Analyte is   

partitioned 

between two 

immiscible 

solvents 

analyte 

retained on a 

solid adsorbent 

Partition 

equilibrium of 

analytes between 

a polymeric 

stationary 

phase and the 

sample matrix 

Analyte is 

partitioned 

between two 

isotropic phase 

‘‘surfactant-rich 

phase’’ and 

‘‘aqueous phase’’ 

Extraction time Up to 24 h 20–30 min Up to 60 min 20 min 

Solvent usage Organic 

solvent 

Organic solvent None Surfactant 

solution 

Cost Low cost Relatively low 

cost 

Relatively low   

cost 

Low cost 

Ease of operation Easy Relatively easy Relatively easy Easy 

Disadvantages 

 

 

 

 

 

Large 

consumption 

of solvent and 

concentration 

of sample 

required after 

extraction 

Insufficient 

retention of 

very polar  

compounds and 

limited 

selectivity 

 

Choice of fiber 

and optimization  

of procedure  

required 

 

Optimization of 

operating 

conditions 

 

 

1.7: Cloud-Point Extraction (CPE) 

        The potential of  micellar systems as an alternative to organic 

solvent was extensively introduced in the extraction and preconcentration 

of metal ions and organic compounds and became one of the most 

preferred preconcentration steps for enhancing the sensitivity in metal 

and organic analysis and an important practical application in the use of 

surfactants in analytical chemistry
(77)

.This methodology was named 

“cloud point extraction” and abbreviated as CPE or “micelle- mediated     

            extraction ”abbreviated as MME.                             .                       

       The first usage CPE comes back to the works of Watanabe and co- 
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workers
(78)

 who recommended the application of CPE by employing the 

non-ionic surfactants as an alternative solvent for the extraction of metal 

ions
(77,79)

 . In principle, CPE depends on the separation of hydrophobic 

analyte (i.e. inorganic and/or organic analyte) between two phases 

generated from micellar of non-ionic surfactant solution when heated to 

its critical cloud point temperature-CPT( i.e. the temperature above which 

an aqueous solution of water-soluble nonionic surfactant becomes turbid 

owing to the decrease in the solubility of the surfactant in water). One 

phase is called a surfactant-rich phase (SRP) with a small volume 

containing the analyte trapped by organized micelles, and other phase is 

called surfactant-poor phase (SPP) or bulk aqueous phase containing a 

little surfactant molecules at critical micelle concentration (CMC)
(80)

.       

                                                                                    

         Since its birth, CPE has been developed considerably in two parallel 

directions, both in term of CPE methodology and the analytical detection 

systems that accompanied the determination of analytes. The 

advancement in CPE methods has allocated among using various types of 

surfactants, chelating agents, electrolytes, etc. in order to improve the 

optimum conditions of the analytical CPE procedure and scoring a 

desirable enrichment factor of the analytes besides thermodynamic 

studies to understand the solubolization mechanism of hydrophobic 

analyte in the micelles. Also, the development involves the combination 

of CPE with various instrumental analytical techniques to achieve the 

best figures of merit of the analyte to be determined
(81,82)

. It is impossible 

to understand the action of micelles in a given analytical method or to 

accurately predict the results of incorporating micelles into a                     
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new method of analysis without understanding of micelles themselves. 

This includes effects arising from molecular structure of amphiphile from 

which the micelle is derived and possible effect of the various substrates 

which might be present in the solution. Furthermore, the catalytic abilities 

of micelles must be recognized by the analyst as so much of the observed 

benefits of the use of micelles in analytical chemistry come from these 

abilities. There are many other properties of micelles which would be of 

some importance to researchers desiring to use them in analytical 

methods
(83)

. Surfactants are amphiphilic molecules that are mean 

containing together hydrophobic group (tails) which is regularly extended 

chain of hydrocarbon or aromatic ring operates to reduce solubility in 

water, along with hydrophilic groups (heads) due to the occurrence of a 

number of nucleophilic or electrophilic groups which is often ionizable as 

well as has the differing effect of tail
(84)

. Figure (1.1) viewing a plain 

structure of surfactant tiny part
(85)

.                        .                   .                  

                                                                      

 

Figure (1.1): Simple structure of surfactant molecule 
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1.7.1: Selection and Properties of Surfactant                             

        To date, the majority of the applications of CPE for metal and 

organic analysis focused on employing non-ionic surfactants type mainly, 

polyoxyethylenated alkylphenols ranging from the triton family to 

PONPE series. This is because they are all commercially available of 

high purity grade, low cost, stable, non-volatile, non-toxic, balanced 

hydrophobicity and environmentally friendly
(86)

. Surfactants belong to a 

group of association or amphiphilic organic substances. Amphiphilic 

molecules consist of an ionic or nonionic polar head group and a 

hydrophobic portion. The formation of micelles or surfactant aggregates 

is primarily operated by three forces: the hydrophobic repulsion between 

the hydrocarbon chains and aqueous solution, the charge repulsion of 

ionic head groups, and the van der Waals attraction between the 

hydrocarbon tails
(87)

.There are four types of general surfactants that are 

classified according to their charge on head group; non−ionic, cationic, 

anionic, and amphoteric (or zwitterions)
(88)

. A large proportion of these 

nonionic surfactants are made hydrophilic by the presence of a 

polyethylene glycol chain, obtained by the polycondensation of ethylene  

oxide and called polyethoxylated (POE or R-OCH2CH2O-) nonionics . 

The cloud-point temperature depends on the structure of the surfactant 

and on its concentration. For ethoxylated nonionics which shows a 

peculiar behaviour with regard to temperature in a given temperature 

range, their solubility decreases with a temperature increase leading to 

surfactant precipitation at the “cloud point”. This anomalous behaviour of 

ethoxylated nonionics as well as the possibility to fine-tune the 

hydrophilic-lipophic balance (HLB) makes them especially useful for 

bringing complex surfactant compositions to the phase-inversion               
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temperature (PIT) conditions . These surfactants are often referred to as 

polymeric ethers since they all contain  common hydrophilic moiety of 

the molecules, polyethylene oxide or polyethylene glycol, which has 

repeated (CH2CH2O) n ether structure with n generally in a range of 10 to 

100.units
(89)

.                                                                                                

                                                                                                       

1.7.2: The Triton Family                                                              

      The family is commercially available under different trademarks with 

a general chemical name as tert-octylphenol poly (ethyleneglycol ether) n 

the slight differences between the products are in the average size (n) and 

the size distribution of the PEG-based head group. The classical phase is  

Triton X-100 (n =9-9.6). The chemical name of Triton X-114 (or TX-

114) is polyoxyethylene 7.5 octylphenyl ether and its structure is: 

 

     It has a cloud point of 25 °C at 1% solution and its viscosity at 25°C is 

260 cp
(88)

 while  the chemical name of Triton X-100(or TX-100) is a   

polyoxyethylene 9.5 octylphenyl ether and its structure is:                        
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   It has a cloud point of 64°C at 1% solution and its viscosity at 25°C is 

240 cp
 (90)

.                                                                                                    

Separation Mechanism in CPE :1.7.3  

       In fact, the mechanism of separation for the CPE process is 

somewhat similar to that of conventional liquid-liquid extraction which 

separates the desired analytes by their affinity in two immiscible 

(homogeneous) liquid phases. But, in CPE process, the only difference 

being the “organic” phase (micelles) is generated within the aqueous  

phase, converting a previously homogeneous solution to heterogeneous 

one by simply gathering its previously scattered hydrophobic 

suspension
(91)

.
 
CPE is a simple and straightforward extraction procedure 

(figure 1.2). A surfactant typically  nonionic is added to an aqueous 

solution containing the species of interest. The concentration of the 

surfactant must be above the critical micelle concentration (CMC) of the 

surfactant which allows the surfactant to organize and form micelles. For 

metal ion extraction, a suitable chelating agent is added. In principle, the 

complexant should facilitate partitioning of the metal ion into the micelle 

by forming a hydrophobic complex with the metal. The properties of the 

aqueous solution are changed to reach the cloud point temperature (CPT), 

this can be done by addition of salt or other surfactants or with heating. 

Upon reaching the CPT, the solution becomes cloudy and eventually 

separates into two phases: the aqueous phase and the surfactant rich phase 

(SRP). The aqueous phase contains surfactant at a concentration less than 

or equal to the CMC, while the SRP contains the majority of the 

surfactant. The SRP is significantly smaller in volume than the aqueous 

phase, allowing for preconcentration of the target analyte.                           
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       The phase separation is reversible upon mixing and cooling below 

the CPT, these two phases merge to form a clear phase again
(92)

.                 

 

Figure (1.2): Separation mechanism in CPE process
(93)

 

 

1.8: Thermodynamic Approach of CPE                                    

          In fact, the clouding and separation mechanism phenomena  in CPE 

are still to be defined exactly, several studies have shown that such phase 

separations result from the competition between entropy (which favours 

miscibility of micelles in water) and enthalpy (which favours 

separation)
(94)

.  An accurate explanation about cloud point phenomenon is 

still a controversy in the scientific literature. developed a model for 

explaining the phases separation in systems formed by non-ionic 

surfactants and water , at lower temperatures each surfactant’s molecules 

are evolved by a highly organized water layer, which forms hydrogen 

bonds with the polar head groups and with the poly-oxyethylene units of 

non-ionic surfactants. When the temperature is increased, there is also an 

increase in the entropy, which causes the dehydration of polyoxyethylene  
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chains and destroys the water molecules layer. From this point, the weak 

Van der Waals forces among the molecules make important contributions 

to micellar agglomerate formation and consequentially, the phase 

separation occurs
(95)

. The formation of aggregates of micelles at the cloud 

point is obviously guided by thermodynamic principles. At the phase 

separation temperature, the clouding components release their solvated 

water molecules and separate out from solution this can be considered as 

the limit of solubility . As phase separation is a reversible process, the 

chemical potential of species should be equal between surfactant-rich and 

surfactant-poor phases
(96,97)

.  

1.9: General Analytical Procedure for CPE          

          CPE is a simple and straightforward extraction procedure and takes 

not more than half an hour to be accomplished after establishing the 

optimum conditions for the analyte determined. In fact, the experimental 

steps of CPE for metal and organic determination do not quite differ 

except in most cases the step of addition of chelating agent to metal ion to 

form hydrophobic complex to make easy extraction in the surfactant 

phase . But both producers engage in three simple main steps as follows; 

(1) solubilisation of the analytes in the micellar aggregates; (2) clouding; 

(3) phase separation for analysis
(79)

.  

       In general, a typical CPE procedure for transition metal separation 

starts with an aqueous solution containing the metal. Ligand and 

surfactant are added to the aqueous solution in suitable quantities. 

Depending on the solubility of the ligand, it may be added pre-dissolved 

in the neat surfactant or to the aqueous solution. The solution is mixed to 

homogenize and then heated above the cloud point temperature to    
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promote phase separation. Once removed from heat, the sample is either 

placed on ice to increase the viscosity of the SRP or centrifuged to 

enhance phase separation. The SRP is typically on the bottom and the 

aqueous phase can be easily removed from the SRP for analysis. High 

performance liquid chromatography, flame atomic absorption 

spectroscopy and UV-visible spectroscopy have all been used to analyze     

in CPE
(98)

.   Due to its viscosity the SRP is difficult to analyze and must  

be diluted for analysis with ICP or HPLC
(98)

. The general CPE procedure 

in metal analysis can be implemented via experimental steps as shown in 

figures (1.3) and (1.4).                                                            . 

 

Figure (1.3):  Flow chart of general systematic CPE procedure
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Figure (1.4): Schematic diagram of metal ion extraction in CPE 

procedure prior to its detection
(99)

 

  
       The extraction process involves several equilibrium and chemical 

species. Simply, the acid dissociation step of chelating reagent and the 

formation of a hydrophobic chelate followed by its transference into a 

micellar phase can be represented by equations. 

HL  H
+
 + L

-
 

M
n+

(aq) + nL
- 

(aq)  MLn(aq) 

  MLn(aq)  MLn(m) 

 where M
n +

(aq) and L
-
(aq) are the metal and the ligand, respectively, in the  

aqueous phase, MLn (aq) is the complex in the aqueous phase, and MLn(m) 

is the complex in the surfactant phase. The distribution constant, Kd, the 

total formation constant, βn, for the extracted species and the acid    

dissociation constant of HL, Ka, in aqueous phase is given by the 

following equations: 
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Kd =   [MLn]m / [MLn]aq              ----------(1) 

                              ßn = [MLn](aq) / [M
+
] [L

-
]

 n          
----------(2) 

Ka = [H
+
] [L

-
]/ [HL]                     ---------(3) 

Combining Eqs. (1)-(3) and rearranging gives: 

 

[MLn]m / [MLn]aq = Kd ßn Ka 
n
[HL]

n  
[H

+
]

-n
    --------(4) 

 

Since the distribution coefficient, D is given by: 

 

                         (C)m                          [MLn]m 

               D =                  =                                         ---------- (5) 

                         (C)aq                  [M
n+

]aq+ [MLn]aq 

 

assuming that [M
n
 ]aq > [MLn]aq, and combining Eqs. (4) and (5) results in: 

 

D= Kd ßn Ka 
n
 [HL]

 n [
H

+
]

-n
            ---------- (6) 

          

      Equation (6) shows that the distribution coefficient, D, is influenced 

by magnitudes of formation constant to specific cations with the 

complexing, by acid dissociation constant, the complexing reagent 

concentration, and the solution pH. These factors can be used to control 

the metallic ions extractions and must be evaluated to improve a 

method
(88)

.                                                

1.10: Heavy metals 

        The term Heavy Metals refer to any metallic element that has a 

relatively high density and it is toxic or poisonous at low 

concentration
(100)

. Heavy metals are naturally occurring elements that 

have a high atomic weight and a density at least 5 times more than that of 

water
(101 )

.   Metals are vital for a huge number of physiological processes 

in the human body, But they can also destroy health when the 

concentration is not within the physiologically favorable range. Heavy 
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metals are important environmental pollutants and many of them are toxic 

even at very low concentrations
(102)

. Even essential trace elements can 

cause damage to health or even death at increased concentrations.  

However, if the levels of these metals are higher than the levels of healthy 

life, the roles of these metals change to a negative dimension. The main 

sources of the heavy metal ions directly are food and water and, 

indirectly, industrial activities and traffic
(103)

. The form in which an 

element is ingested also plays a major role in its toxicity
(104)

. Metals can 

directly influence the behaviour by impairing mental and neurological 

function, influencing neurotransmitter production and utilization, and 

altering numerous metabolic body processes
(105)

. Copper , cadmium and 

cobalt are metals with known toxic properties
(106)

. 

1.10.1: CPE for Cadmium Cd(II) 

        Cadmium is highly toxic even at very low concentrations causing 

damages to organs such as kidneys, liver and lungs
(107)

. One of the 

pathways that cadmium enters human body is through daily intake of 

food and water, thus the monitoring of cadmium concentrations in food 

and water samples is of significant importance. The maximum 

contaminant level allowed by the American Environmental Protection 

Agency (US EPA) in standard drinking water is 10 μg.l
-1

 to provide 

ample protection of human health. Monitoring trace element 

concentrations in biological materials, particularly biological fluids, 

might be considered a difficult analytical task
(108)

, mostly due to the 

complexity of the matrix and the low concentration of these elements,      

which requires sensitive instrumental techniques and often a 

preconcentration step. Concretely, spectrometric techniques for the        
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analysis of trace cadmium have developed rapidly due to the increasing 

need for accurate measurements at extremely low levels of this element in 

diverse matrices
(109)

. The major route of cadmium exposure for the 

general population is via food. An increase in soil cadmium content 

generally results in an increase of plant uptake of cadmium although 

some soil and plant factors may influence cadmium accumulation by 

plants. Crops grown in cadmium contaminated areas have been found to 

contain elevated cadmium content compared with normal levels. 

Therefore, human cadmium exposure via food in contaminated areas can 

be many times above normal intakes and cadmium is known to be toxic 

for living and lead to cadmium toxicity organism even if it is present in 

low levels
(110)

. Some techniques extraction have offered proper extraction 

proficiency and high preconcentration factor. Be that as it may, they have 

introduced some of impediments related to test pollution, moderately 

tedious or high cost, unbending control of the conditions, require an 

extensive volume of natural solvents and generally poor precision. In this 

manner the separation and preconcentration of cadmium or other metal 

particles, after the arrangement of chelate, in view of cloud point 

extraction (CPE) as an option preconcentration strategy to elective 

extraction strategies, in the light of its effectiveness, effortlessness ease, 

industrially accessible surfactant, velocity and security
(111)

. Countless 

manuscript have been available in the chemical literatures on the 

separation and preconcentration of cadmium in unusual matrices through 

CPE methodology previous to its determination by means of different   

 instrumental techniques as exposed in table (1.2).                     .                
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Table(1.2): Cloud  point extraction of Cadmium in different matrixes 

              

Ref. LOD EF PF Detection system Surfactant 

type 

Chelating 

   agent 

Sample 

type 

112 0.15 

μg.ml
-1

 
 

31 26 FAAS Triton 

X-114 
 

IDPI Tap water 

113 0.042 

μg.ml
-1

 

150 125 Spectrophotometry  Triton 

 X-100 

CV soil, water 

and  

 vegetables  

114 2.4 

ng.ml
-1

 

33 30 FAAS Triton 

 X-114 

IPAI Milk and    

cigarette     

111 0.38 

μg.L
-1

 

- 100 FAAS Triton 

 X-114 

PPT Natural    

water 

 

1.10.2: CPE for Copper Cu(II)   

         Copper is an essential element not only for life in mammals but also 

for plants, and it plays an important role in carbohydrate and lipid 

metabolism. It has many biological effects as an essential element as well 

as a toxic one
(116)

. In general, a daily copper intake of 1.5-2 mg is 

essential for adults and copper at nearly 40 ng.ml
−1

 is required for normal 

metabolism of many living organisms
(116,117)

. Copper is a moderately 

toxic element as compared to other transition metals
(118)

. But, copper(II) 

at higher levels is toxic and severe oral intoxication will affect mainly 

the blood and kidneys. So, the trace copper(II) content in foods must be 

controlled on a daily basis and the European Commission has fixed the  

limit of 2μg.ml
−1

 for copper(II) in drinking water and the allowed limit of 

copper(II) is set to 1.3μg.ml
−1

 in the USA similar to that in Canada   
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(1.0μg.ml
−1

)
(119)

. Therefore, there is an increasing need to monitor 

copper(II) levels in food samples at ever decreasing concentrations. For 

this purpose, very sensitive, simple, rapid and inexpensive methods are  

necessary
(120)

. Much interest and effort have been devoted on the studies 

for copper determination in water and biological matrices because it is a 

good tool for environmental and toxicologicalmonitoring. The removal of 

copper from aqueous medium such as effluents also is of great interest for 

environmental and human health purposes
(121)

. The determination of trace 

copper in biological  samples is particularly difficult because of the 

complex matrix and the usually low .concentration of copper, which 

requires sensitive instrumental techniques and frequently a pre-

concentration step
(122)

.
  

CPE separation, high enrichment factor, low 

consumption of organic solvents, detection techniques, much more 

environmentally friendly properties and it is safer because small volumes 

of noxious surfactants are used instead of toxic organic solvents
(123)

. 

Separation and preconcentration based on CPE is becoming an important 

and practical application of surfactants in analytical chemistry. Table(1.3) 

compresses the uses of CPE for assurance of Cu(II) in various matrices. 
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Table (1.3): Cloud point extraction of Copper in different matrixes 

Ref. LOD EF Detection  

system 

Surfactant 

type 

Chelating 

agent 

Sample type 

124 1.2 

ng.ml
-1

 
 

250 Spectrophotometry Triton 

X-114 
 

ANPAP environmental, 

water and 

biological 

samples        

125 

  

1.64 

μg.L
-1

 

31 FAAS Triton 

 X-100 

 SPAR  Tap, stream 

and rain water 

126 

  

1.1 

ng.ml
 -1

 

- FAAS Triton 

 X-114 

DDTC milk powder 

and mineral 

water 

127 

  

15 μg.l
-1

 81 FI-FAAS Triton 

 X-114 

MPMP rice flour and 

water samples 

 

1.10.3: CPE for Cobalt Co(II) 

          Cobalt is an essential trace element which is present in most body 

tissues, with the highest concentrations typically found in the liver. It is a 

component of vitamin B12 (cyanocobalamin), which is involved in the 

production of the blood red cells and the prevention of pernicious anemia. 

Cobalt toxicity is quite low compared to many other metals. However, 

high exposure to this element can cause several health problems such as 

asthma and skin irritation. Therefore, quantitative determination of cobalt 

at low concentrations plays an important role in different fields such as 

environmental analysis, process control and medicine
(128)

. Some of heavy  

metals like cobalt is necessary for human life
(129)

. Most of 

spectrophotometric methods developed for the determination of cobalt   
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are, unfortunately, not practically usable due to poor sensitivity and partly 

poor selectivity. Routine spectrophotometric methods are not often 

sensitive enough to determine low concentrations of cobalt ions in 

environmental samples only at the μg/l level. Consequently, a pre 

concentration step is usually required. In spite of recent advances in 

instrumental analysis, a direct determination of trace elements in complex 

matrices, such as environmental, biological, mineral, ore and high purity 

materials, seems still to be difficult because of insufficient sensitivity and 

selectivity of the methods. Thus, enrichment and separation of the 

analytes are important for the determination of Co(II), because of its 

extremely low concentration in natural water. Cobalt determination at 

trace levels in real samples has been frequently difficult because of low 

concentration of the metal and matrix interferences
(130)

. Flame atomic 

absorption spectrometry(FAAS) is one of the techniques most extensively 

used for determining various elements with a significant precision and  

accuracy. This analytical technique is remarkable for its selectivity, speed 

and fairly low operation cost. However, in some cases it is rather difficult 

to determine traces of heavy metals in environmental samples due to 

insufficient sensitivity or matrix interferences. Thus, a preconcentration 

and/or separation step is necessary
(131)

. Nowadays, Cloud Point Extraction 

(CPE) using non-ionic surfactants has attracted considerable attention as 

an alternative to the conventional extraction techniques for separation and 

preconcentration
(132)

. It is well known that CPE used surfactant has the  

potential to intensify solubility of hydrophobic materials, extraction 

technology which is environment complaisant to many researchers and 

luring many analytical chemists as to other extraction system. Table         
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(1.4): compresses the uses of CPE for assurance of Co(II) in various 

matrices. 

Table (1.4): Cloud point extraction of Cobalt in different matrixes 

Ref.  

      

LOD PF Detection  

system 

Surfactant 

type 

Chelating 

agent 

Sample type 

 

 

128 0.21 

μg. L
-1

 
 

- FI-FAAS Triton  

X-114 
 

MPMP Water and 

B12,B-complex 

vitamins           

133 1.5 

ng.ml
-1

 

50 FAAS Triton 

 X-114 

 BTANP Water samples    

134   0.47 

ng.ml
-1

 

19 FAAS Triton 

 X-114 

MOSDAA Water samples    

 

135   1 

μg.L
-1

 

25 FAAS Triton 

 X-114 

1-PTSC Tap, sea ,fish , 

black tea          

 

1.11: Factors Affecting Cloud Point Extraction 

      The performance of a CPE process is influenced by many factors,  

such as surfactant type and its concentration, ionic strength  and 

equilibration temperature and time . 

1.11.1: Type and concentration of surfactant 

        Surfactant concentration plays an important role in phase separation 

as lower concentration makes the separation to be incomplete while 

higher concentration than the desired amount enhances the surfactant- 

rich phase’s viscosity which concurrently decreases its volume. 

Increasing the concentration of the surfactant also increases a number of  
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Surfactant aggregate complexes
(136)

. Explicitly, surfactant plays a vital 

role in the CPE process. Thus, proper selection of surfactant could leads 

to satisfactory performance of the CPE process. There are several types of 

surfactants used in the CPE processes include Triton series and PONPE 

series (polyethyleneglycol mono-4-nonylphenyl ethers). However, these 

surfactants contain alkyl phenyl groups in their hydrophobic moiety, 

leading to some environmental concerns. To overcome this problem, 

biodegradable surfactant, mainly polyethylene glycol or silicone 

surfactant without phenyl group is proposed
(137)

. The main requirements 

for a surfactant to be selected as  being suitable for the CPE experiments 

are associated mainly with its physicochemical characteristics: high 

density, which facilitates phase separation, low cloud point temperature, 

below or near room temperature in a narrow concentration range, for 

thermo labile molecules, balanced hydrophobicity, commercial 

availability and low cost
(138)

. Depending on the nature of the hydrophilic 

group, surfactants are classified as non−ionic, zwiterrionic, cationic, and 

anionic. Nowadays, non-ionic, zwiterrionic and anionic surfactants are 

most widely used in the CPE process for organic compounds, drugs, 

biomaterials and inorganic metal ions. However, the application of the  

cationic surfactants in the CPE is scarce. Since, it can directly affect the 

extraction and preconcentration, and accuracy of the final analytical 

results, it is very important to select an appropriate surfactant for a 

successful CPE analysis
(139)

. 
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1.11.2: Effect of ionic strength 

        Generally, clouding is a phenomenon detected in non−ionic 

surfactants when the solution is heated to a threshold temperature which 

is known as clouding point temperature (CPT). The clouding 

phenomenon is uncommon with the ionic surfactants, presumably 

because of the large electrostatic repulsion between the aggregates that 

prevents phase separation in most cases. The phase separation occurs 

within a narrow temperature range into surfactant rich phase and aqueous 

phase, because of density difference due to a sharp increase in 

aggregation number of the micelles and the decrease in intermicellar 

repulsion. The CPT has been found extremely dependent on the presence 

of additives
(87)

. Usually, the CPT of a non−ionic surfactant can be altered 

in the addition of additives, such as inorganic salt and organic 

compounds, into an aqueous solution. This phenomena is known as 

salting-out effect where the addition of neutral salts depresses the CPT of 

a nonionic surfactant aqueous solution in proportion to their 

concentration
(140)

. Several factors have been considered to be responsible 

for the CPT phenomenon additives in the such as surfactant molecule and 

its system of CPE. However, CPT is very sensitive to the presence of 

additives used in the CPE system, even at a very low concentration. The 

additives modify the surfactant−solvent interactions, change the CMC, 

size of micelles and phase behavior in the surfactant solutions. Many 

efforts has been made to investigate the effect of various additives e.g. 

inorganic electrolytes, organic compounds, ionic surfactant, cationic 

surfactant and zwitterionic surfactants on the cloud point of a nonionic 

surfactant
(141)

. 
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1.11.3: Equilibration temperature and time 

       The optimum incubation time and equilibrium temperature are 

necessary to achieve an easy and efficient phase separation with 

preconcentration. The buildup of surfactant-rich phase are solely 

subjected by demeanor of the employed surfactant
(142)

.  Theoretically, the 

phase separation can be achieved once the optimal equilibration 

temperature of the CPE which is higher than the CPT of the surfactant. If 

the temperature is lower than the CPT, two phases cannot be formed.  

However, too high temperature may lead to the decomposition of 

analytes. It has also been demonstrated that the analyte extraction 

efficiency and preconcentration in the CPE increase as the equilibration 

temperature for phase separation is progressively increased to above the 

CPT. Similarly, as the equilibration temperature increases; the volume of 

surfactant rich phase decrease because the hydrogen bonds are disrupted 

and dehydration occurs. Based on a physical point of view, the increase 

of temperature provokes the dehydration of the hydrophilic groups of the 

surfactant molecules, an increase of the aggregation number and the 

swelling of the micelles until the micellar solution become turbid and the 

separation of the surfactant rich phase takes place
(143)

. Since longer 

equilibration times (> 30 min) do not have any significant effect on the 

extraction, the equilibration time of 10 – 20 min is sufficient to obtain 

good extraction in most work
(139) 

. 

1.12: Application of Cloud Point Extraction 

          The verification of the heavy metals in environmental samples is of 

vital importance which has received much attention by researchers in the 

last year, in order to pinpoint their impact.  the applications of CPE for 

the selected metals . 
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  1.12.1: Water 

       Water is important for the existence, development and preservation 

of all human life, making it an important commodity in the world. 

However, nearly one billion people in the world lack access to safe 

drinking water, mainly those living in third world countries
(144)

. Water is 

an essential to maintain good health and proper body functions. Doctors 

recommend drinking of 1.9 to 2.1 liters of water daily. This quantity is 

necessary because water occupies approximately 60% of a person’s body 

weight and it is the most abundant compound in human body. This 

provides a suitable environment for vital bio-chemical reactions in the 

body as water is the dispersing media
(145)

. Heavy metals in the 

environment are really increasing due to human activity, particularly 

mining process and heavy industry in the developing world. This has 

caused great accumulation of high concentrations of toxic heavy metals in 

natural waters
(146)

. Drinking water is also an important source for heavy 

metals for humans. The levels of heavy metal ions in drinking water are 

generally at μg/l. For precise and accurate analysis of heavy metal ions in 

drinking water, it is possible to use inductively coupled plasma-mass 

spectrometry (ICP-MS), inductively coupled plasma-atomic emission 

spectrometry (ICP-AES) and graphite furnace atomic absorption 

spectrometry (GFAAS). However, these techniques are expensive and 

difficult to use. The separation/preconcentration- flame atomic absorption 

spectrometry (FAAS) combination is an important alternative for these 

techniques due to cheap cost and easy usage of FAAS. Concern has 

increased over the concentration of trace metal ions in drinking water. 
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Organizations like the World Health Organization and the European 

Committee recommend limits for drinking water that require much 

greater sensitivity in measurement than is obtainable by flame atomic 

absorption spectrometry. Preconcentration- separation techniques like 

coprecipitation, liquid-liquid extraction, cloud point extraction and ion 

exchange are used prior to flame atomic absorption spectrometric 

determination of heavy metals in drinking waters
(147)

 . 

  1.12.2: Milk  

       Milk is considered as nearly a complete food in that it’s a good 

source of protein, fat, and major minerals
(148)

. Cow milk contains some 

major elements such as calcium, potassium, phosphorous, and 

magnesium in addition to sodium, chlorine and even heavy metals. 

Increase in industrial and agricultural processes have resulted in increased 

concentration of metals in the air, water and soil. These metals are taken 

in by plants and consequently accumulate in their tissues. Animals that 

graze on such contaminated plants and drink from polluted waters also 

accumulate such metals in their tissues and milk if lactating
(149)

. A large 

amount of these metals taken in by plants and animals subsequently find 

their way into the food chain. This ever increasing pollution has given 

rise to concern on the intake of harmful metals in humans. Metals enter 

the human body through inhalation, ingestion or absorption through the 

skin
(150)

. In recent times, the amount of metals in cow milk is widely 

studied, particularly in industrialized and polluted areas of the developed 

and the developing countries of the world
(151)

. Although some metals are 

essential nutrients, which have a variety of biochemical functions in all 
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living organisms and important industrial uses, their potential toxicity to 

humans and animals is a source of concern. It is, therefore, necessary to 

monitor and control their levels in consumed food. The measurement of 

metal levels is helpful not only in ascertaining risk to human health but 

also in the assessment of environmental quality
(152)

. Many reports 

indicated heavy metals in milk and attributed the presence of these heavy 

metals in milk to exposure of cows to environmental pollution, 

consumption of contaminated feed stuffs and water as well as the 

production process
(153)

. Milk is the essential food needed by growing 

children. It contains both the basic and additional requirements needed by 

children especially during their developmental years. This milk may be 

contaminated by heavy metals that at certain levels may cause toxicity to 

consumers. This toxicity is attributed to accumulation of heavy metals in 

the body. The most commonly method for metal analysis is flame Atomic 

absorption spectrometry. Here, the interference by other elements is 

almost nil or negligible because the estimation is carried out for an 

element at a specific emission spectra line. In fact, in Atomic absorption 

spectrometry, traces of one element can be determined accurately in the 

presence of a high concentration of other element
(154) 

. 

1.12.3: Tobacco  

        Tobacco plant is amenable to absorb and accumulate heavy metal 

species from the soil into its leaves
(155)

, or deposited on tobacco leaves 

from air
(156)

. Cigarette is made up of tobacco, paper and additives. As 

much as 600–1400 additives are used in cigarette manufacture, with 

many of these additives containing environmental contamination and 

exposure to heavy metals such as mercury, cadmium and lead is a serious  
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growing problem throughout the world
(157)

. It is known that the content of 

metals in tobacco varies a lot and it depends on several factors such as 

soil type and pH, use of a metal-containing pesticides, fertilizers, etc. 

Some of the metals such as iron, manganese, zinc and copper are very 

important for plant growth. However, other metals such as lead, cadmium 

and nickel are not important for the plant growth, but they can cause 

serious health and ecological problems. In both cases, we need to pay 

attention to their right determination. It is known that the latter depends  

on the right selection of a method for test sampling and suitable 

measuring equipment. Although, a number of investigations have been  

carried out on heavy metal concentration in tobacco leaves
(158)

, There are 

several studies reported in the literature on heavy metal contents in the 

cigarettes sold and smoked in different parts of the world. A. 

Pourkhabbaz, and H.Pourkhabbaz
(159)

 have investigated the levels of toxic  

metals (Cd, Cu, Co Ni, Zn and Pb) in the tobacco of different Iranian 

cigarette brands and related health issues. Ashraf
(160)

 has reported levels 

of Cd and Pb in popular cigarette brands sold and/or produced in Saudi 

Arabia. Level of heavy metals (Cr, Cd and Pb) in selected cigarettes and 

tobacco leaves in Benue State. Thus, cigarette tobacco is very harmful, 

toxic and genotoxic for human health
(161)

. Therefore, the concentration of   

heavy metals in cigarette brands is of importance because of its 

toxicological effects
(157)

 . 

 

 

 

 

 



                                                                                         

Introduction    Chapter one                                                 

 
 
 
 42 

 

1.12.4 : Tea 

     Tea is one of the most popular nonalcoholic beverages, consumed by 

over two-thirds of the world’s population for its medicinal, refreshment 

and mild stimulant effects
(162)

. Tea leaves contain polyphenols which has 

many medicinal properties, including antioxidant
(163)

, cholesterol 

lowering
(164) 

and anticancer activities. However, considering that an 

estimated 18 billion cups of tea are consumed daily worldwide
(165)

. 

Therefore, tea should be free from contaminants such as heavy metals, 

which are toxic and harmful to the human body because of their non-

biodegradable nature and persistent accumulation in different body 

parts
(166)

. Prolonged consumption of heavy metals from food can lead to 

their accumulation in the kidney and liver, causing disruption of 

numerous biochemical processes and potentially causing cardiovascular,  

nervous and bone diseases
(167)

. Elemental analysis of a tea sample 

requires destruction of the organic fraction of the sample, leaving the  

heavy metals either in solution or in a form that is readily dissolved. 

Unfortunately, because of a large number of analytes and a variety of 

sample types, there is no universal sample preparation technique that 

meets all of the diverse requirements. Among the strategies for sample 

preparation, dilution, acid digestion and extraction are the most 

commonly considered
(168,169)

 . 

1.12.5: Soil 

      High concentrations of heavy metals may affect the ecosystem and 

human health. Heavy metals may be transported through the food chain to 

the human body and have a significant toxicity to people. The 

environmental issues related to heavy-metal contamination are becoming  
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serious in developing countries
(170)

. With the rapid industrialization and 

urbanization trend, the increment of traffic activities substantially 

contributes to the accumulations of heavy metals discharged by vehicles 

in roadside environments. Heavy-metal pollution in agricultural areas 

owing to traffic emissions may contaminate the crops growing near the 

roadways
(171)

. In agricultural areas, uptake of heavy metals through the 

soil-crop system could play a role in human exposure to heavy metals
(172)

. 

Cu, Zn, Cd, and Pb are the typical metal pollutants due to traffic 

activities
(173)

. At low doses some heavy metals are essential 

micronutrients for plants, but in higher doses, they may cause metabolic 

disorders and growth inhabitation in most plant species
(174)

. On the other 

hand, Cd even at extremely low concentrations, is toxic and lead to many 

diseases, including increased risk of cancer
(175)

. Cd emission is mainly 

from lubricating oil consumption and tire wear.  Brake wear is the most  

important source for Cu emissions. Through the atmospheric deposit or 

road runoff, heavy metals can be transported into the roadside soils
(176)

. 

On average, the heavy metals’ concentrations in roadside grasses are 

significantly lower than those in roadside soils
(177,178)

. Observation studies 

have been conducted in many countries to investigate the heavy-metal 

contamination of roadside soils. It was found that the heavy-metal 

concentrations were influenced by multiple factors, such as traffic 

volume
(179)

, highway characteristics
(180)

, road and roadside terrain
(181)

,  

rainfall
(179)

, High traffic volume can heighten the heavy-metal content in 

the roadside .  

 

 



                                                                                         

Introduction    Chapter one                                                 

 
 
 
 44 

 

1.13: Aim of the study 

1- Synthesis of azo-azomethine dyes and their using of cloud point 

extraction for metal ions . 

2- Characterization of azo-azomethine dyes in several ways, including 

UV-Visible, FT- IR, 
1
H-NMR and Mass spectroscopy. 

3- Study primary tests for reaction between metal ions and reagents and 

determination optimization of the experimental conditions for formation 

complexes. Also, preparation and characterization of azo-azomethine 

complexes . 

4- Most of the works, done by CPE in metals analysis, deal with the 

determination of an analyte as metal ions in different matrices. Hence, 

there are an obvious lacking for using CPE in the extraction and 

enrichment of metal ions as metal anion complexes or species (i.e. 

inorganic anions) which would possibly be found in the environmental 

samples in these forms. Also, there are insufficient reports to judge on the 

eligibility of CPE in the separation and preconcentration of dyes in the 

complex matrices. Therefore, the main goal of this study is to open new 

routes and attempts in order to broaden the analytical characteristics of 

CPE methodology by FAAS and its applicability in different fields.  

This was through the following objectives; 

a) Finding the optimum conditions for the separation and enrichment of 

the metal ions (Cu
2+

,Cd
2+

 and Co
2+

), that is, concentration of reagent, 

HCl concentration, incubation time, equilibration temperature and 

Triton X-100 amount were selected in this study, in an attempt to 

improve the selectivity and the precision of the analytical results.  
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b) Studying the separation mechanisms for the selected species 

thermodynamically and kinetically through the finding of the equilibrium 

constants for the extraction and thermodynamic parameters such as ΔH, 

ΔG and ΔS.    

c) Studying the accuracy, sensitivity and efficiency of the method by 

calculation EF, PF, LOD, LOQ, %RSD and CI.    

d) To apply the developed method in this thesis to detect the pollutants by 

determination concentration of metal ion in water ( river and tap), milk, 

tea, tobacco and soil .  

  

 



 

Chapter Two 
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Materials and Methods 

2.1: Instrumentation  

          The main instruments used in this research project are as follows:  

2.1.1: UV-Vis Spectrophotometric Measurements  

       A Shimadzu double beam UV-Vis Spectrophotometer model UV-

1700 (Japan) was used for the scanning of absorption spectra of all 

reagents and complexes throughout this study. While absorbance 

measurements in the optimization study and detection of metals were 

done with Single beam (UV-Vis) Spectrophotometer,T60,PG-instruments 

Ltd has been measuring the spectra of solutions at room temperature 

using quartz cells width (1cm) in the laboratories of the department of 

chemistry, college of science, university of Thi - Qar. 

2.1.2: Fourier Transform Infrared Spectrophotometer 

        The FT-Infrared measurements for all reagents and metal complexes 

prepared in this study were recorded by using FT-IR affinity 

Spectrophotometer (Shimadzu) Japan in the department of chemistry, 

college of science, university of Thi - Qar.           

2.1.3: Flame Atomic Absorption Spectrophotometric 

Measurements  

         A double-beam Atomic Absorption Spectrophotometer AA-

500AFG (Shimadzu, Japan) is equipped with burner unit made of 

titanium (10 cm slot) air-cooled premixed for air/acetylene flame.  
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2.1.4: 
1
H-NMR spectra  

      
  1

H-NMR spectra of compounds are recoded in Tehran University, 

Iran. The chemical shift values are expressed δ (ppm), using 

tetramethylsilane (TMS) as internal standard . 

2.1.5: Mass spectra 

       Mass spectra are recorded of compounds using Agilent Technology 

(HP)/ MS (EI,70ev), Model 5973 Network Mass Selective Detector in the 

university of Tehran , Iran.  

2.1.6: Molar Electrical Conductivity  

         Determine molar conductivity for all the complexes prepared in 

dimethylsulfoxide (DMSO) solvent using inolabcond devise 720 and pole 

platinum was fixed cell user is equal to 1.52cm
-1

 and a concentration of 

10
-3

 M at room temperature.  

2.1.7: Other Supplementary Equipments Used in This Work 

Were: 
A- pH- meter: WTW, E163694, (Germany). 

B- Electrical balance; Germany – Artoriu,1320 

C- Electrical furnace: Japan – Hirayama 2004 

D- Electrical furnace: Oven Philip Harris Limited, Shenstone, Ser.           

No. T 7981S1 (England). 

E- TLC: Thin layer chromatography is performed using TLC grade 

silica gel .         

          F- Water bath: Thomas Sc. Ap. (England) was used to control the                   

         desired temperature so as to achieve the phase separation . 

G-Melting point Measurement: The melting grades of the prepared                        

compounds were measured using a type of device point/SMP31          

Melting .                                                                                      
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2.2 : Chemicals  

     All chemicals used in this study were presented in table (2.1) and 

used directly without any further purification .   

Table (2.1): Chemicals used in this work     

Purity 

% 

Molecular 

weight 

(g/mol) 

Chemical 

Formula 

Company 

Name 

Substance 

99.5 60.05 C2 H4 O2 BDH Acetic acid (glacial) 

97.0 122.17 C7H10N2 BDH 3,4-diaminotoluene 

99.0 180.23 C8H8N2SO BDH 2-amino-6- 

methoxybenzothiazole 

99.0 93.13 C6H7N BDH Aniline 

 107.15 C7H9N BDH O-toluidine 

98.0 122.17 C7 H10N2 Sigma Aldrich  2-aminobenzylamine 

99.5 108.14 C6H8N2 Sigma Aldrich O-phenylenediamine          

99.0 152.15 C8 H8O3 Sigma Aldrich O-Vanillin 

99.0 122.12 C7 H6O2 Sigma Aldrich Salicylaldehyde 

99.0 170.48       CuCl2.2H2O BDH Copper (II) chloride 

dihydrate  

99.0 201.32 CdCl2.H2O BDH         Cadmium chloride hydrate 

  

97.0 237.93 CoCl2.6H2O BDH         Cobalt (II) Chloride 

Hexahydrate 

98.0 237.69 NiCl2.6H2O BDH Nickel (II) Chloride 

Hexahydrate 

99.0 266.45 CrCl3.6H2O BDH            Chromium (III) Chloride 

Hexahydrade 

99.0 32 CH3OH BDH Methanol 

98.0 46.07 C2H5OH BDH Ethanol 

37.0 36.5 HCl BDH Hydrochloric acid 

50.0 34.0147 H2O2 Fluka Hydrogen peroxide  

75.0 100.47 HClO4 BDH         Per chloric acid  

99.5 78.13      C2H6OS G.C.C DMSO 

69.0 63.01 HNO3 BDH Nitric acid 

99.0 40 NaOH Fluka Sodium hydroxide 

99.0 68.9953 NaNO2 BDH Sodium nitrite 

99.6 625 C8H17C6H4(OC2H4)n Sigma Alidrich 

 

TritonX-100 

 



Materials and Methods       Chapter two 

 
49 

 

2.3 : Synthesis Methods  

2.3.1: General procedure of azo dyes 

     In general, the Azo dyes prepared by the reaction of the (0.02mole) 

amine was dissolved in mixture 30ml distilled water and 5ml of 

concentrated hydrochloric acid and cooled to (0-5)
 o

C. The solution was 

diazotized at (0-5)
 o

C with (1.38gm, 0.02mole) sodium nitrate was 

dissolved in 20ml distilled water was added drop wise to amine solution 

and stirring continuously at (0-5)
o
C and left to stand 30 min .This 

diazonium solution was added to aldehyde (0.02mole) was dissolved in 

25ml ethanol and 30 ml of 6% sodium hydroxide. The mixture was 

stirred continuously for 2h. at (0-5)
 o

C in ice-bath, acidified with dilute 

hydrochloric acid to pH = 6 and allowed to stand in the refrigerator 

overnight. The precipitate was filtered and washed with distilled water 

and ethanol solution to remove the excess of unreacted substances and 

recrystallized from ethanol and dried in oven at 50 
o
C for two hours

(182)
. 

The purity was confirmed by TLC technique.  

2.3.1.1:2-hydroxy-3-methoxy-4-((6-methoxybenzo[d]thiazol-2-yl) 

diazenyl)benzaldehyde (Az1)  
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2.3.1.2: 2-hydroxy-4-(phenyldiazenyl)benzaldehyde(AZ2)  

 

2.3.1.3:2-hydroxy-3-methoxy-4-(o-tolyldiazenyl)benzaldehyde(AZ3) 
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2.3.1.4: 2-hydroxy-3-methoxy-4-(phenyldiazenyl)benzaldehyde(AZ4) 

 

Table (2.2): Some physical and chemical properties of azo dyes  

Comp. Chemical 

formula 

M.Wt Color m.p°C Yeild% 

AZ1 C16H13N3O4S 343.63 Reddish orange 179-180 82.64 

AZ2 C13H10N2O2 226.24 Yellow brown 159-160 85.06 

AZ3 C15H14N2O3 270.29 Orange 142-144 80.37 

AZ4 C14H12N2O3 256.26 Light orange 133-135 79.50 
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2.3.2: Synthesis of Azo-Azomethine Ligands 

2.3.2.1: Synthesis of 6-((1E)-((2-(((E)-2-hydroxy-3-methoxy-4-((6-

methoxybenzo[d]thiazol-2-yl)diazenyl)benzylidene)amino)benzyl) imino 

)methyl)-2-methoxy-3-((6-methoxybenzo[d]thiazol-2-yl)diazenyl) phenol 

(L1) 

          The azo-azomethine ligand was synthesized by condensation 

reaction of 2-aminobenzylamine with azo dye compound 2-hydroxy-3-

methoxy-4-((6-methoxybenzo[d]thiazol-2-yl)diazenyl)benzaldehyde 

(AZ1), by dissolving (3.436gm, 0.01mole) of (AZ1) in (20ml) absolute 

methanol then mixed with a solution (0.611gm, 0.005mole) of (2-

aminobenzylamine) dissolved in (10ml) of the same solvent with the 

addition of four drops of glacial acetic acid as a catalyst followed by 

reflux for (8) hours. The reaction was followed using TLC
(183)

. The light 

brown precipitate was formed, It was filtered ,dried and recrystallized in 

absolute ethanol .  
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2.3.2.2:6,6'-((1E,1'E)-(1,2-phenylenebis(azanylylidene))bis(methanyl 

ylidene))bis(3-(phenyldiazenyl)phenol)(L2) 

       The azo-azomethine ligand was synthesized by condensation reaction 

of O-phenylenediamine with azo dye compound 2-hydroxy-4-

(phenyldiazenyl)benzaldehyde (AZ2), by dissolving (2.262gm, 0.01 mol) 

of (AZ2) in (20ml) absolute methanol then mixed with a solution 

(0.541gm, 0.005mol) of (O- phenylenediamine) dissolved in (10ml) of 

the same solvent with the addition of four drops of glacial acetic acid as a 

catalyst followed by reflux for (4) hours. The reaction was followed using 

TLC
(183)

 . The brown precipitate was formed, It was filtered, dried and 

recrystallized in absolute ethanol .  
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2.3.2.3:6,6'-((1E,1'E)-((4-methyl-1,2-phenylene)bis(azanylylidene)) 

bis(methanylylidene))bis(2-methoxy-3-(o-tolyldiazenyl)phenol)( L3) 

       The azo-azomethine ligand was synthesized by condensation reaction 

of 3,4-diaminotoluene with azo dye compound  2-hydroxy-3-methoxy-4-

(o-tolyldiazenyl)benzaldehyde (AZ3), by dissolving (2.703gm, 0.01mol) 

of (AZ3) in (20ml) absolute methanol then mixed with a solution 

(0.611gm, 0.005mol) of (3,4-diaminotoluene) dissolved in (10ml) of the 

same solvent with the addition of four drops of glacial acetic acid as a 

catalyst followed by reflux for (7) hours . The reaction was followed 

using TLC
(183)

. The dark brown precipitate was formed, It was filtered 

,dried and recrystallized in absolute ethanol . 
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2.3.2.4:6,6'-((1E,1'E)-((4-methyl-1,2-phenylene)bis(azanylylidene)) 

bis(methanylylidene))bis(2-methoxy-3-(o-tolyldiazenyl)phenol)( L4) 

       The azo-azomethine ligand was synthesized by condensation reaction 

of O-phenylenediamine with azo dye compound  2-hydroxy-3-methoxy-

4-(phenyldiazenyl)benzaldehyde(AZ4), by dissolving(2.563gm,  0.01mol) 

of (AZ4) in (20ml) absolute methanol then mixed with a solution 

(0.541gm, 0.005mol) of (O-phenylenediamine) dissolved in (10ml) of the 

same solvent with the addition of four drops of glacial acetic acid as a 

catalyst followed by reflux for (8) hours. The reaction was followed using 

TLC
(183)

. The brown precipitate was formed, It was filtered ,dried and 

recrystallized in absolute ethanol .   
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Table (2.3): Some physical and chemical properties of the azo-

azomethine compounds  

Comp. Chemical 

formula 

M.Wt Color m.p°C Yeild% 

L1 C39H32N8O6S2 772 Light brown 288-290 80.37 

L2 C32H24N6O2 524 Brown 210-212 80.00 

L3 C37H34N6O4 626 Reddish orange 253-254 78.13 

L4 C34H28N6O4 584 Dark brown 194-196 79.57 

 

2.4: Preparation of Standard Solutions of metal ions and 

Reagents 

2.4.1: Stock Solution of Cd(II) as CdCl2.H2O (1000 µg mL
-1

) 

        This solution was prepared by accurately weighing 0.1791gm of 

CdCl2.H2O into a 50 ml beaker, added minimum amount of deionized 

water and swirled to dissolve. The content was transferred quantitatively 

to a 100 ml volumetric flask, and then diluted to the mark with deionized 

water .   

2.4.2: Stock Solution of Cu(II)as CuCl2.2H2O (1000 µg mL
-1

) 

        This solution was prepared by accurately weighing 0.2682gm of 

CuCl2.2H2O into a 50 ml beaker, added minimum amount of deionized 

water and swirled to dissolve. The content was transferred quantitatively 

to a 100 ml volumetric flask, and then diluted to the mark with deionized 

water . 
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2.4.3: Stock Solution of Co(II)as CoCl2.6H2O (1000 µg mL
-1

) 

        This solution was prepared by accurately weighing 0.4038gm of 

CoCl2.6H2O into a 50 ml beaker, added minimum amount of deionized 

water and swirled to dissolve. The content was transferred quantitatively 

to a 100 ml volumetric flask, and then diluted to the mark with deionized 

water .  

2.4.4: Stock Solution of Ni(II) as NiCl2.6H2O (1000 µg mL
-1

) 

      This solution was prepared by accurately weighing 0.4049gm of 

CoCl2.6H2O into a 50 ml beaker, added minimum amount of deionized 

water and swirled to dissolve. The content was transferred quantitatively 

to a 100 ml volumetric flask, and then diluted to the mark with deionized 

water .  

2.4.5: Stock Solution of Cr(III)as CrCl3.6H2O (1000 µg mL
-1

) 

      This solution was prepared by accurately weighing 0.5124gm of 

CrCl3.6H2O into a 50 ml beaker, added minimum amount of deionized 

water and swirled to dissolve. The content was transferred quantitatively 

to a 100 ml volumetric flask, and then diluted to the mark with deionized 

water . 

2.4.6: Metal ions standard solutions (100 μgmL
-1

) 

      To prepare 100 µg ml
-1

, 10ml of the standard for each metal ions of 

stock solutions were pipetted and added in to 100 ml volumetric flask 

finally diluted to the mark with deionized water and the solution was 

mixed thoroughly. 
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2.4.7: L1 Reagent Solution (1x10
-3

 M) 

       A6-((1E)-((2-(((E)-2-hydroxy-3-methoxy-4-((6-methoxybenzo[d] 

thiazol-2-yl)diazenyl)benzylidene)amino)benzyl)imino)methyl)-2-

methoxy-3-((6-methoxybenzo[d]thiazol-2-yl)diazenyl)phenol(L1) reagent 

solution at concentration of 1x10
-3

M was prepared by dissolving 

0.0193gm into a 10 ml beaker, added minimum amount of  DMSO and 

swirled to dissolve. The content was transferred quantitatively to a 25 ml 

volumetric flask, and then diluted to the mark with DMSO . 

2.4.8: L2 Reagent Solution (1x10
-3

 M) 

      A6,6'-((1E,1'E)-(1,2-phenylenebis(azanylylidene))bis(methanylylid 

ene))bis(3-(phenyldiazenyl)phenol)(L2) reagent solution at concentration 

of 1x10
-3

 M was prepared by dissolving 0.0131gm into a 10 ml beaker, 

added minimum amount of  DMSO and swirled to dissolve. The content 

was transferred quantitatively to a 25 ml volumetric flask, and then 

diluted to the mark with DMSO .  

2.4.9: L3 Reagent Solution (1x10
-3

 M) 

        A6,6'-((1E,1'E)-((4-methyl-1,2-phenylene)bis(azanylylidene)) 

bis(methanylylidene))bis(2-methoxy-3-(o-tolyldiazenyl)phenol)(L3)   

reagent solution at concentration of 1x10
-3

 M was prepared by dissolving  

0.0157gm into a 10 ml beaker, added minimum amount of  DMSO and 

swirled to dissolve. The content was transferred quantitatively to a 25 ml 

volumetric flask, and then diluted to the mark with DMSO . 

 

 



Materials and Methods       Chapter two 

 
59 

 

2.4.10: L4 Reagent Solution (1x10
-3

 M) 

          A6,6'-((1E,1'E)-((4-methyl-1,2-phenylene)bis(azanylylidene)) 

bis(methanylylidene))bis(2-methoxy-3-(o-tolyldiazenyl)phenol)(L4) 

reagent solution at concentration of 1x10
-3

 M was prepared by dissolving  

0.0146 gm into a 10 ml beaker, added minimum amount of  DMSO and 

swirled to dissolve. The content was transferred quantitatively to a 25 ml 

volumetric flask, and then diluted to the mark with DMSO . 

2.4.11: Sodium Hydroxide (0.05M)Solution 

          This solution was prepared by accurately weighing 0.5g of material 

in into a 10 ml beaker, added minimum amount of deionized water and 

swirled to dissolve. The content was transferred quantitatively to a 250 ml 

volumetric flask, and then diluted to the mark with deionized water . 

 

2.4.12: Hydrochloric Acid (0.05M) Solution 

         This solution was prepared by slowly adding with stirring 1.036ml 

of concentrated HCl (d=1.19 g/ml, 37% w/w) to appropriate amount of 

deionized water in 250 ml volumetric flask and dilute to mark with 

deionized water. 

2.5: Primary testing of complex formation between metal ions 

and reagents  

      In a number of test tube added (1 ml ) of metal solution (100 μg.ml
-1

) 

then added (2ml) of reagent solution (1×10
-3

M) drop wise with mixing 

and the change of color is observed divided the solution in two halve add  

few drops of 0.05 M of NaOH for one halve and 0.05M of  HCl for 

another the show in table (2.4) .  
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Table (2.4): Primary test for reaction between metal and reagent in 

0.05M NaOH but no there are changing in the color in present 0.05M 

HCl 

No. Ions Ion 

solution 

color  

Ion 

solution 

color after 

adding the 

reagent L1 

Ion 

solution 

color after 

adding the 

reagent L2 

Ion 

solution 

color after 

adding the 

reagent L3 

Ion 

solution 

color after 

adding the 

reagent L4 

The result  

1 Cu
2+

 Light 

blue 

Reddish 

brown  

Reddish 

orange 

 Light 

orange 

No color 

change 

Cu
2+ 

with L1, 

L2 and L3 

2 Co
2+

 Light 

purple 

No color 

change  

Yellow 

orange 

Reddish 

orange 

No color 

change 

Co
2+

 with L2  

and L3 

3 Cr
3+

 Light  

green 

No color 

change  

No color 

change  

Brown to 

black 

Light 

brown  

Cr
3+

 with L3 

and L4  

4 Ni
2+

 Light 

green 

  Red to 

Orange 

No color 

change 

No color 

change 

No color 

change 

Ni
2+

 with L1 

5 Cd
2+

 Colorless Orange  No color 

change  

No color 

change  

Yellow 

orange  

Cd
2+ 

with L1 

and L4  
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2.6: Study of Spectroscopic Measurement for Reagents 

     UV-Vis spectra were obtained for (1×10
-3

M ) of an DMSO solution 

for all reagents using (1cm) quartz cell in the wavelength (200-600) nm 

for reagent and (360-800) nm for complexes . 

2.7: General Procedure for spectrophotometric determination 

of Cu, Co, Cr, Ni and Cd  by L1,L2 , L3 and L4 reagents 

         After determining the metal ions that react to reagents in table (2-4), 

can be determination λmax, volumetric flask of capacity (10ml) has been 

taken and (1ml) of the ion concentration of solution (100 μgml
-1

) was 

added, (2ml) of reagent (1×10
-3

M ) added and complete the volume to the 

mark with deionized water , the blank solution was prepared in the same 

way except for the addition of the ion under study . 

2.8: Optimization of the experimental conditions 

2.8.1: Effect of reagent volume  

       Reagent (L1) of various volumes (0.5-4ml) of concentration (1×10
-3

 

M) were taken in 10ml volumetric flask , 1.0 ml of  (100 μgml
-1

) Cu(II) 

solution added and the mixture solution was well shaken then the volume 

was completed to the mark with deionized water. The absorbance of 

metal-chelates was recorded at λmax of copper complex against reagent 

blank prepared in a same way without Cu(II). The same method was 

repeated for Cd(II) and Ni(II) ions with L1 and also for the other reagents 

with selected metal ions .  
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2.8.2: Effect of reaction time  

        The effect of time was studied in order to signify the stability of the 

complexes optimum volume of reagent L1 concentration (1×10
-3

M) was  

taken in 10ml volumetric flask , 1.0ml of  (100 μg.ml
-1

) Cu(II) solution 

added and the mixture solution was well shaken then the volume was 

completed to the mark with deionized water. The absorbance of metal-

chelates was recorded at λmax of copper complex at (0-50) min against 

reagent blank prepared in a same way without Cu(II). The same method 

was repeated for Cd(II) and Ni(II) ions with L1 and also for the other 

reagents with selected metal ions .  

2.8.3: Effect of pH   

        The influence of pH value on the absorbance of complexes was 

studied at different pH by using HCl and NaOH (0.05M) solutions at (pH 

2-12), volumetric flask (10ml) was taken put (1ml) of copper solution 

(100μgml
-1

) and to solution added optimum volume of reagent L1solution 

(1×10
-3

M)  after adjusting the pH then complete the volume to the mark. 

After appropriate time the absorbance was measured at appropriate λmax of 

copper complex against a reagent blank prepared in a similar way without 

ions. The same method was repeated for Cd(II) and Ni(II) ions with L1 

and also for the other reagents with selected metal ions .  

2.8.4: Effect for temperature  

       The effect temperature was studied by using volumetric flask (10ml) 

were taken put (1ml) of copper solution (100μgml
-1

) in volumetric flask 

(10ml) and added optimum volume of reagent L1 (1×10
-3

M) after 

adjusting the pH then complete the volume to the mark, and put it in a 

water bath at different temperatures at (20 – 60) ºC  after appropriate 
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optimum time. The absorbance was measured at appropriate λmax of 

complexes against a reagent blank prepared in a similar way without ions. 

The same method was repeated for Cd(II) and Ni(II) ions with L1 and 

also for the other reagents with selected metal ions .  

2.9:Determination of dissociation degree and stability constant  

        The stability constants are obtained by measuring the absorbance of 

solution mixture of ligand and metal ion at fixed wavelength (λmax) and 

optimum pH values. The conditional or apparent stability constant of 

(Metal : Ligand) product were evaluated as follows: 

       In order to measure Am and As value used to calculate the 

dissociation degree and stability constant. This was done by taking 

equivalent volumes from the reagent and metal ion solutions (1×10
-4

M) 

and after optimum condition of each complex the absorbance was 

measured at appropriate λmax against a reagent blank prepared in a similar 

way without ions, and we obtain (As)  which represent the complex in 

partial dissociation. The experiment return by excess the volume of 

reagent then the absorbance was measured at appropriate λmax  of 

complexes against a reagent blank prepared in a similar way without ions 

to obtain (Am) which represent the undissociation complex. The 

interaction between the metal ions and the reagents proceeds according to 

the equations
(184)

 :  

 

 

C 0           0 

C(1- α)  αC        n αC 

 

 

           (αC)(n αC)
n
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Kinst =  

    C(1-α) 

Where  

C = concentration of the ligand which is equal the concentration of the 

metal. 

α = degree of dissociation  

As = the absorption of solution containing a stoichiometric amount of 

ligand and metal ion  

Am = the absorbance of solution containing the same amount of metal 

and excess of ligand. 

n = no. of mole 

The stability constant is equal to  

                   1      

   Kst =   

                  Kinst   

 

2.10: Determination of the stoichiometry of the complex 

      The stoichiometry of the complexes were investigated by Continuous 

variation method (Job’s method) in order to find M:L ratio, the absorption 

of metal ion and ligand solution mixture was measured at λmax .   

Continuous variation method (Job method) 

       In this method, variable volumes of solutions containing same molar 

concentration (1×10
-4

M) of ligand and metal ions were mixed together. 

The total volume was kept constant at 2ml . The absorbance of each 

solution was measured at λmax and the relation between the mole fraction 

of the volume Vm / (Vm + VL) on the X-axis (where Vm and VL 

represent the volume of the metal and ligand solutions respectively) was 

plotted against the absorbance on the Y-axis .  

 

2.11: Preparation of azo–azomethine complexes 
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      The azo-Azomethine complexes were prepared by dissolving the 

ligand (L2 , L4) (0.0005mole) in 20ml hot ethanol and added dropwise 

with a stoichiometric amount of 1:1 [M:L] molar ratio (0.0005mole) for 

Co(II) and Cu(II) chloride salts with L2, Cr(II) and Cd(II) chloride salts 

with L4 dissolved in 20ml hot pH solution  from (0.05M  HCl and 0.05M  

NaOH) at optimal pH for each metal ions. The reaction mixture was 

heated to (30-45) ºC for 50 min , until solid complexes were precipitated 

then left overnight. The solid product thus formed was filtered off, 

washed distilled water until the solution become colourless and washed 

with 10ml hot ethanol to remove any traces of the unreacted materials and 

left to dry. The recrystallized using absolute ethanol
(185)

 . 

   

The table (2.5): Some physical and chemical properties for the  

prepared ligand and their complexes 

No. Chemical formula M.Wt pH Color λmax m.p
°
C Yeild% 

1 

 

C39H32N8O6S2 (L1) 772 6 Light brown 283 288-290 80.37 

2 

 

C32H24N6O2 (L2) 524 6 Brown 238 210-212 80.00 

CoL2Cl2 654 7 Dark brown 600 282-284 82.57 

CuL2Cl2 659 6 Black 647 261-263 80.55 

3 

 

C37H34N6O4 (L3) 626 6 Reddish orange 290 253-254 78.13 

4 

 

C34H28N6O4 (L4) 584 6 Dark brown 396 194-196 79.57 

CdL4Cl2 767 6 Orange 602 263-265 74.48 

CrL4Cl2 742 7 Dark orange 530 220-221 78.85 
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2.12: Preparation of Standard Solutions of metals and 

Reagents for cloud point extraction 

2.12.1: L1 Reagent Solution (1x10
-2

 M) 

      A6-((1E)-((2-(((E)-2-hydroxy-3-methoxy-4-((6-methoxybenzo[d] 

thiazol-2-yl)diazenyl)benzylidene)amino)benzyl)imino)methyl)-2-

methoxy-3-((6-methoxybenzo[d]thiazol-2-yl)diazenyl)phenol(L1) reagent 

solution at concentration of 1x10
-2

 M was prepared by dissolving 0.7728 

gm into a 50 ml beaker, added minimum amount of  DMSO and swirled 

to dissolve. The content was transferred quantitatively to a 100ml 

volumetric flask, and then diluted to the mark with DMSO. Other 

standard solutions were prepared by dilution with the same solvent.  

2.12.2: L2 Reagent Solution (1x10
-2

 M) 

      A6,6'-((1E,1'E)-(1,2-phenylenebis(azanylylidene))bis 

(methanylylid ene))bis(3-(phenyldiazenyl)phenol)(L2) reagent solution 

at concentration of 1x10
-2

 M was prepared by dissolving  0.5246gm into a 

50ml beaker, added minimum amount of  DMSO and swirled to dissolve. 

The content was transferred quantitatively to a 100ml volumetric flask, 

and then diluted to the mark with DMSO. Other standard solutions were 

prepared by dilution with the same solvent. 

2.12.3: L3 Reagent Solution (1x10
-2

 M) 

       A6,6'-((1E,1'E)-((4-methyl-1,2-phenylene)bis(azanylylidene))bis 

(methanylylidene))bis(2-methoxy-3-(o-tolyldiazenyl)phenol(L3)      

reagent solution at concentration of 1x10
-2

 M was prepared by dissolving  

0.6267gm into a 50ml beaker, added minimum amount of  DMSO and 

swirled to dissolve. The content was transferred quantitatively to a 100ml 
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volumetric flask, and then diluted to the mark with DMSO. Other 

standard solutions were prepared by dilution with the same solvent . 

2.12.4: L4 Reagent Solution (1x10
-2

 M) 

       A6,6'-((1E,1'E)-((4-methyl-1,2-phenylene)bis(azanylylidene)) 

bis(methanylylidene))bis(2-methoxy-3-(o-tolyldiazenyl)phenol)(L4) 

reagent solution at concentration of 1x10
-2

 M was prepared by dissolving  

0.5846 gm into a 50 ml beaker, added minimum amount of  DMSO and 

swirled to dissolve. The content was transferred quantitatively to a 100 ml 

volumetric flask, and then diluted to the mark with DMSO. Other 

standard solutions were prepared by dilution with the same solvent . 

2.12.5:  Hydrochloric Acid (6M) Solution 

         This solution was prepared by slowly adding with stirring 49.75ml 

of concentrated HCl (d=1.19 g/ml, 37%) to appropriate amount of 

deionized water in 100ml volumetric flask and dilute to mark with 

deionized water. Other standard solutions were prepared by dilution with 

deionized water.  

2.12.6:  Nitric Acid (1%) Solution 

     This solution was prepared by slowly adding with stirring 1.45ml of 

concentrated HNO3 to appropriate amount of deionized water in 100ml 

volumetric flask and dilute to mark with deionized water. 

2.12.7:  Nitric Acid Explained (65%) Solution 

      This solution was prepared by slowly adding with stirring  94.203ml 

of concentrated HNO3 to appropriate amount of deionized water in 100 

ml volumetric flask and dilute to mark with deionized water. 
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2.12.8: Hydrogen peroxide (30%) solution 

       This solution was prepared by adding 60ml of H2O2 in100ml 

volumetric flask and dilute to mark with deionized water. 

2.13: General Procedure of CPE
(186)

 

       A typical cloud point experiment required the following steps:  an 

aliquot of 10 ml of a solution containing a known of Cd(II) solution in 

1ml of 0.1M HCl , 1ml of 1x10
-3

 M of reagent solution (L1), 0.5 ml of 1% 

Triton X-100 were mixed. The mixture was shaken for 1min and left to 

stand for 20 min controlled by thermo-stated bath at 50°C  until formation 

cloud point layer CPL. Separation of the two phases was achieved 

immediately where the surfactant-rich phase became a highly viscous 

(without need of centrifugation and cooling) and settled down at the 

bottom of the tube making the aqueous phase was easily discarded by 

decantation. After then , the surfactant rich phase in the tube was 

dissolved in 1ml of 1M HNO3 in methanol and the absorbance of the 

resulting solution was measured at λmax of Cd (280.28 nm) by FAAS for 

extracted ion complex and with used calibration curve was measured the 

concentration of extracted Cd(II) amount, For the determine remainder 

quantity of Cd(II) in aqueous solution after extraction by subtraction 

quantity of Cd(II) measured in the surfactant-rich phase from original 

quantity , afterward calculate Distribution ratio (D). 

      The same procedure was applied for Cu(II) or Co(II) ions with L2 , L3 

respectively. Thus the distribution ratio (D) can be calculated from the 

following equation: 

  
         

         
   …..............(2-1) 
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where 

[M
n+

]cpL: metal ion  concentration that transferred to micelle  phase  

[M
n+

]aq  :metal ion  concentration that remained (residual)  in aqueous 

phase .  

2.14: Optimization of the Parameters for CPE 

         The effects of several experimental parameters which impact the 

CPE efficiency were carried out by classical optimization (OFAT) 

procedure. In as much as the extraction efficiency of the CPE depends on 

dual factors, some of regarding the prior formation of a complex with 

sufficient hydrophobicity and the other for the formation of micelles to 

obtain the desired separation and preconcentration. Consequently, the 

effects of reagent concentration, HCl concentration, incubation time, 

equilibration temperature and Triton X-100 volume, were selected in this 

study.                                                                                                           

2.14.1: Effect of reagent Concentration 

       This study was carried out by taking variety concentration of reagent 

solution as complexing agent of (1x10
-4

, 5x10
-4

, 1x10
-3

, 5x10
-3

, 1x10
-2

, 

5x10
-2

M) were added to 5ml of 3µg.ml
-1

 Cd(II), 1ml of 0.1 M HCl, 0.5ml 

of 1% Triton X-100 in 10 ml separated volumetric flasks and diluted to 

marks with deionized  water and mixed thoroughly. The contents of  each 

flask was subjected to general CPE procedure (2.13), in formation of ion-

association complex with enough hydrophobicity . The same method was 

repeated for the reagent (L2) with (Cu
2+

) and (L3) with ( Co
2+

) . 
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2.14.2: Effect of HCl Concentration 

       In the separated 10mL volumetric flask containing 5ml of 3μgml
-1 

of 

Cd(II), 1ml of 5x10
-3

M of reagent solution(L1), 0.5 ml of 1% Triton X-

100 and (1ml) of varying concentration of  HCl (0.05-2) M were mixed 

and diluted to marks with deionized water. The contents of each flask was 

subjected to general CPE procedure (2.13), in formation of their ion-

association complex with enough hydrophobicity. The same method was 

repeated for the reagent (L2) with (Cu
2
) and (L3) with (Co

2+
) .                     

2.14.3: Effect of the Incubation Time .                                         

       The effect of incubation or heating time was examined on the 

extraction.  It varied from (10 - 45) min for eight solutions of 3µg.ml
-1

 Cd 

(II), keeping the concentration of reagent constant and other parameters at 

optimum conditions subjected to the general CPE procedure (2.13). The 

result can be shown. The same method was repeated for the reagent (L2) 

with (Cu
2+

) and (L3) with (Co
2+

).                                              .                   

2.14.4: Effect of Equilibrium Temperature                                   

        A series of individual experiments were conducted to study the 

effect equilibrium temperature on the extraction of 3μgml
-1

 of Cd(II) 

keeping the concentration of reagent constant and other parameters at 

optimum conditions. The temperature was varied from 30 ᴼC to 90 ᴼC in 

a search of optimum values. The content of each flask was subjected to 

general CPE procedure (2.13) to find the distribution ratio (D) at each 

temperature setting. The result can be shown in figure (3.65). Thereafter 

the extraction constant Kex and thermodynamic parameters were 

calculated according to equations (2-2) to (2-6) to predict the cases of 

solubilization of ion-pair complexes into micelles by cloud point 
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methodology (CPE)
(210)

.   The same method was repeated for the reagent 

(L2) with (Cu
2+

) and (L3) with (Co
2+

) .  

 

 

Where D is distribution ratio, [M 
n+

] aq metal ion concentration that 

remained in aqueous phase and [R]s concentration of reagent in surfactant 

phase.  

After drawing a log Kex value vs. 1/T °K , a straight line relationship is 

obtained and from a slope value the  thermodynamic parameters ( ∆Hex , 

∆Gex , ∆Sex ) were calculated for extraction process from following 

equations  :   

Vant-Hoff equation to calculate the thermodynamic value ΔHex
(187)

   

 

 

 

 



   Materials and Methods      Chapter two          Chapter two 

 
72 

     2.14.5: Effect Triton X-100 Volume 

      Different volumes of 1% Triton (X-100) ranging from (0.1-1.5) ml 

were added to 5ml of  3μgml
-1

 of Cd(II) ion solution, and present 1ml of 

0.5M HCl and 1ml of 5x10
-3

 M of reagent solution(L1) in10 ml separated 

volumetric flasks and diluted to marks with deionized water and mixed 

thoroughly. The content of each flask was subjected to general CPE 

procedure (2.13). The same method was repeated for the reagent (L2) 

with (Cu
2+

) and (L3) with (Co
2+

) . 

2.15: Application of real samples 

      The present CPE method was applied for determination of metal ions 

in tap, river waters, liquid milk, tobacco , black tea and soil. River  water 

was collected from Al-Refaie / Thi-Qar and tap water were taken from 

laboratory. liquid milk , tobacco and  black tea samples were taken from 

submarket .   

2.15.1: Water sample Preparation 
 
      Water samples including (tap and river water) , to remove suspended 

particulate matter, river water sample was filtered through Watman No. 

42 and stored in polyethylene bottle . 15 ml of it was treated according to 

the given CPE procedure (2.13),  under optimum conditions. The levels 

of analyte ions in the samples were determined by flame atomic 

absorption spectrometry
(126)

.  
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2.15.2: Digestion of samples 

2.15.2.1: Tobacco sample preparation 

        The cigarette tobacco was prepared by removing the papers and 

filters from 60cigarettes of 3 packs. The samples were dried in an oven at 

a temperature of 80 °C for 6 hours. The dried tobacco was ground in a 

mortar with a pestle until powdered finely as much as possible for 

homogenization, to simplify weighing and to facilitate organic matter 

destruction (digestion)
(188)

. 

2.15.2.2: Tobacco digestion  

          The digestion procedure of Campbell and Plank was used 1g of 

dried, ground, and homogenized cigarette tobacco was transferred to 

crucible . 5.0 ml of concentrated HNO3 acid was added and the crucible 

was covered with watch glass and allowed to stand overnight. The 

covered crucible was placed in a muffle furnace with temperature 

controller and heated at 200
o
C for 30 min. The flask was removed and 

allowed to cool and 2 ml of 30% H2O2 was added and digested at the 

same temperature and time in the same way. This step was repeated to 

ensure complete digestion. The digest was allowed to dry to 1 to 2ml at 

150 
o
C. Then 5.0 ml of 1% HNO3 was added to digest residue and filtered 

quantitatively through Whatman filter paper No.40 into a 25ml 

volumetric flask and made up to volume with deionized water
(188)

. 15ml 

of it was treated according to the given CPE procedure (2.13), under 

optimum conditions . 

      This was subsequently analyzed for Cd(II), Cu(II) and Co(II) using 

flame atomic absorption spectrophotometer . 
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2.15.3: Raw cow's milk sample digestion 

    The concentrations in sample were analyzed according to the 

procedure outlined by Peters
(189)

. The milk sample need to be brought in a 

clear solution for analysis by atomic absorption spectroscopy. For this 

reason the sample first digested to dissolve the sample and to remove the 

fat. 1gm of raw cow's milk is treated with 5 ml (65% nitric acid) and 2ml 

(30% hydrogen peroxide) and then digested on electric hot plate at 90ºC 

and the temperature of this mixture was gradually increased to 120ºC. 

Until brown fumes appeared, indicating completion of oxidation of 

organic matter. The organic matrix of milk was destroyed and left the 

elements in to clear solution, after cooling the clear solution was filtered 

into 25ml volumetric flask and completed to the mark with deionized 

water
(189,190)

. 15ml of it was treated according to the given CPE procedure 

(2.13), under optimum conditions. 

2.15.4: Tea sample digestion  

       Accurately weighed (1g) of tea sample was transferred into a crucible 

and kept in a muffle furnace for ashing at 450° C for 3 hours and then 

5ml of 6M HCl was added to the crucible. Further, the crucible 

containing acid solution was kept on a hot plate and digested to obtain a 

clean solution. The final residue was dissolved in 0.1M HNO3 solution 

and made up to 25ml. 15ml of it was treated according to the given CPE 

procedure
 
(2.13), under optimum conditions

(191)
 . 

2.15.5: Soil sample digestion  

     1.0 g of the soil sample was weighed into a 50 ml beaker and 9 ml of 

65% HNO3, 4 ml of 50% (v/v) HF, 1 ml of 37% v/v HCl and 2 ml of 75% 

v/v HClO4 were then added and digested at 135ºC for 2 h. The digest was 

slowly evaporated until the white fumes of HClO4 appeared. The digest 

was filtered and made up to 25 ml with deionized water
(192)

.  
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15ml of it was treated according to the given CPE procedure (2.13), under 

optimum conditions .   

2.16: Slope Analysis for Stoichiometric Determination of 

Complex  

          The method involved the extraction of Cd
2+

, Cu
2+

 and Co
2+

 ions as  

from 10 ml aqueous solution containing constant amount of 3μgml
-1

 of 

metal ion, 1ml of 0.1M of  HCl, 0.5 ml of Triton X-100  and increasing  

reagent concentrations of ranging from (5x10
-4

-1x10
-2

M). The 

experiments were subjected to the optimum conditions established by 

general CPE procedure (2.13). After separation, the surfactant-rich phase 

which contains ion-pair complex at each concentration ratio was diluted 

with 1ml of in 1M HNO3 in methanol and the absorbance of each solution 

was measured at wavelength absorption maxima by FAAS for extracted 

ion complex and with used calibration curve was measured the 

concentration of extracted metal ion amount, for the determine remainder 

quantity of metal ion in aqueous solution after extraction by subtraction 

remainder from original quantity , afterward calculate Distribution ratio 

(D) and that data were plotted as a log D against log [L] to find the 

stoichiometry of the ion-pair complex formed.  



 

Chapter Three 
 

Results  
and  

Discussion 
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Results and Discussion 

3.1: Ultra violate-Visible Spectra (determination of λmax) 

        The UV- visible spectrum of the synthesized of the azo- azomethine 

dyes that dissolved in DMSO were performed at room temperature in the 

range (200 - 600) nm and their complexes in the range (360 - 800) nm. 

The azo-azomethine dyes were composed of two main maximum 

absorption peaks that are shown in the figures (L1 - L4) due to free 

reagents. The first at wavelength in the range (238 - 325) nm due to 

transitions of (π → π*) in the aromatic ring
(391) 

and the second absorption 

maximum has emerged at the wavelength λmax in the range (400 - 470) 

nm due to the transition (n→π*)
(391)

 which belongs to the bond (-C=N-) 

and (-N=N-) .  

        Spectrum UV – Vis shows absorption bands of prepared complexes 

within studies  range, the (π→π*) and (n→π*) transitions observed in the 

spectrum of reagents were shifted to longer wavelength (bathochromic 

effect) values along which confirm the chelation of the reagent with metal 

ions
(194)

. The absorption maximum λmax of each complexes show in the 

range (530 - 665) nm and these packages are attributable to the d-d 

transitions of type M→L between the metal and ligand which confirms 

formation of the complexes
(391)

. 

         In the complexes, (π→π*) transitions were shifted to longer 

wavelengths as a consequence of coordination when binding with a 

metal, confirming the imine nitrogen was coordinated to the metal 

atom
(381)

. Its shift to longer wavelengths can be related to the donation of 

the lone pairs of the nitrogen atom of imine group to the metal ion
(183)

. In 



Chapter three                                 Results and Discussion  

 
  

 
 
 
 

77 

the metal complexes, new bands at higher wave lengths support the 

formation of strong (M–O) and (M–N) bonds
(196)

 . 

 

Figure (3.1): UV-Visible spectrum of L1 

 

Figure (3.2): UV-Visible spectrum of [CuL1Cl2] 
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Figure (3.3): UV-Visible spectrum of [CdL1Cl2] 

 

Figure (3.4): UV-Visible spectrum of [NiL1Cl2] 
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Figure (3.5): UV-Visible spectrum of L2 

 

Figure (3.6): UV-Visible spectrum of [CoL2Cl2] 
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Figure (3.7): UV-Visible spectrum of [CuL2Cl2] 

 

Figure (3.8): UV-Visible spectrum of L3 
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Figure (3.9): UV-Visible spectrum of [CuL3Cl2]  

 

Figure (3.10): UV-Visible spectrum of [CrL3Cl2]Cl 
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Figure (3.11): UV-Visible spectrum of [CoL3Cl2] 

 

Figure (3.12): UV-Visible spectrum of L4 
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Figure (3.13): UV-Visible spectrum of [CrL4Cl2]Cl 

 

Figure (3.14): UV-Visible spectrum of [CdL4Cl2] 
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3.2: Optimization of the experimental Condition 

3.2.1:  Effect of reagent volume 

      The effect of reagent volume was studied by using different volumes 

(0.5–4.0) ml of the reagent (1×10
-3

M) with 1ml of 100μgml
-1 

of metal and 

recorded the absorbance at λmax . Highes absorbance at the 1ml of the 

reagent with Cd(II), 1.5ml of the reagent with Cu(II), 2ml of the reagent 

with Co(II), Ni(II) and Cr(III). It is optimized volumes for the formation 

of the complexes with metal ions. The results are shown in figures (3.15) - 

(3.18).                                                                                                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.16): Effect of reagent volume at λmax=600 

nm for L2-Co and λmax=647 nm for L2-Cu complexes 

Figure (3.15): Effect of reagent volume at λmax=665 

nm for L1-Cu, λmax=650 nm for L1-Cd and  λmax = 

 nm L1-Ni complexes  540    
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3.2.2: Effect of reaction time 

         The effect of time to get the complex is an important factor to 

obtain knowledge of the time period which maintains the complex on 

stability that is especially employed in the field of analytical chemistry. 

The study was obtained at time (0-50) min. When the components were 

mixed at room temperature, maximum absorbance of the complexes were 

reached from (10-15) min from the moment start mixing and this useful 

in the field of spectral determination of metal ion. The reaction remains 

stable for 24 hr. This show the ligands strong coordination with metal 

ions
(185)

. The results are shown in figures (3.19) – (3.22).                 

 

 

 

 

 

 
 

Figure (3.17): Effect of reagent volume at λmax=573 

nm for L3-Cu, λmax=634nm for L3-Cr and λmax=  

566nm for L3-Co complexes   

Figure (3.18): Effect of reagent volume at λmax=530        

 nm for L4-Cr and λmax=602 nm for L4-Cd complexes   
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Figure (3.21): Effect of reaction time at λmax=573nm 

for L3-Cu , λmax566 nm for L3- Co and λmax=634nm     

for  L3-Cr complexes    

 

Figure (3.22): Effect of reaction time at λmax=530 nm for 

L4-Cr and λmax=602 nm for L4-Cd complexes   

Figure (3.19): Effect of reaction time at λmax=665nm 

for L1-Cu, λmax 540 nm for L1- Ni and λmax=650nm 

for L1-Cd complexes   

Figure (3.20): Effect of reaction time at λmax=600nm 

for L2-Co and λmax=647nm for L2-Cu complexes   
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3.2.3:  Effect of temperature 

        The effect of temperature on the absorbance of complex was 

examined. The study was performed at temperature between (20-60)ºC. 

Figure(3.23)-(3.26) demonstrated that the maximum absorbance obtained 

at temperature range (30-45)ºC which was viewed as an appropriate 

temperature of complex formation
(197)

. At temperatures higher than 50ºC 

the absorbance decreases due to dissociation of complex gradually
(198)

.     

                                                                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.23): Effect of temperature at λmax=665nm 

for L1 – Cu, λmax=540 nm for L1 –Ni  and λmax= 

650 nm for L1 – Cd complexes                                       

Figure (3.24): Effect of temperature at λmax=600nm   

for L2 – Co and λmax=647nm for L2 – Cu complexes                                       

 
 

 Figure (3.26): Effect of temperature at λmax= 530 nm 

for L4 – Cr and λmax = 602 nm for L4 – Cd complexes                                       

Figure (3.25): Effect of temperature at λmax=573nm 

for L3 – Cu, λmax = 566nm for L3 – Co and λmax = 

634nm for L3 – Cr complexes                                       
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3.2.4:  Effect of pH 

        Figures (3.27) - (3.30) show that the absorbance of copper(II), 

nickel(II),cobalt(II),chromium(III) and cadmium(II) complexes measured 

at λmax change with solution pH. The absorbance of each complex 

measured at λmax starts low on the acidic side, reaches a maximum at the 

optimum pH value and then decreases again as pH is increased. The 

optimum pH values obtained from the plots give pH = 5 for Cu(II)
(199)

 

with L1 and pH =6 for Cu(II)
(200)

 with L2 and L3, pH=8 for Ni (II)
(199)

 with 

L1, pH=7 for Co(II)
(199)

 with L2 and pH = 8 for Co with(II)
(184)

 with L3 , 

pH = 7 for Cr(III)
(197)

 with L4 and L3, pH = 8 for Cd(II)
(201)

 with L1, pH = 

6 for Cd(II)
(185)

 with L4. The absorption of all chelate complexes solutions 

did not change over the whole range and very stable at pH= 5-8, The 

absorbance gradually decreased may be due to forming another 

chromophoric formala of reagent at higher pH
(202)

. The simplest 

explanation for these observations is probably that the ligand is highly 

protonated at low pH, making the nonbonding electron-pairs unavailable 

and therefore diminishing the tendency to form complexes with the metal 

cations. On the other hand, when the pH is above the optimum value, 

precipitation of copper(II), nickel(II) cobalt(II), chromium(III) and 

cadmium(II) ions become more significant and reduce the concentration 

of the complex
(203)

.                                                                                    
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3.3: Determination of the stoichiometry of the complex 

       The continuous variation method (Job’s method) was used for the 

determination of the stoichiometry of the complexes. A series of solutions 

were prepared, with constant molar concentration of metal and ligand. The 

absorbance recorded at λmax. The results are showed that the M:L ratio for 

all complexes are 1:1, the results are tabulated in table (3.1) and figures 

(3.31) - (3.40) . 

 

 Figure (3.28): Effect of pH at λmax = 600 nm for          

 L2-Co and λmax = 647 nm for L2-Cu complexes            

                                                             

  

Figure (3.29): Effect of pH at λmax =573 nm for            

L3– Cu, λmax =566 nm for L3– Co and λmax = 634 nm 

for L3- Cr complexes 

Figure (3.30): Effect of pH at λmax = 530 nm for          

  L4 – Cr and λmax = 602 nm for L4- Cd complexes      

                                                          

 

 

 Figure (3.27): Effect of pH at λmax = 665 nm for  L1- Cu, 

λmax = 650 nm for  L1- Cd and λmax =540 nm for L2-Ni 

complexes                                                                           
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Table (3.1): Absorbance values at (λmax) of complexes by continuous variation method (Job’s method)  

 

Seq. VL 

1× 10
-4 

M 

VM 

1× 10
-4 

M 

VM/VM+VL AL1 - Cu AL1- Cd AL1- Ni AL2- Co AL2-Cu AL3- Cu AL3- Cr AL3- Co AL4- Cd AL4- Cr 

1 1.8 0.2 0.10 0.051 0.073 0.063 0.054 0.053 0.080 0.085 0.092 0.063 0.093 

2 1.6 0.4 0.20 0.064 0.116 0.094 0.065 0.087 0.124 0.112 0.121 0.082 0.120 

3 1.4 0.6 0.30 0.078 0.143 0.132 0.114 0.126 0.153 0.136 0.147 0.128 0.146 

4 1.2 0.8 0.40 0.108 0.167 0.153 0.173 0.158 0.189 0.158 0.185 0.148 0.167 

5 1 1 0.50 0.125 0.192 0.197 0.213 0.185 0.223 0.175 0.223 0.188 0.193 

6 1.2 0.8 0.60 0.112 0.165 0.148 0.175 0.147 0.175 0.161 0.173 0.164 0.173 

7 1.4 0.6 0.70 0.082 0.134 0.124 0.136 0.120 0.148 0.138 0.159 0.132 0.152 

8 1.6 0.4 0.80 0.061 0.098 0.092 0.091 0.082 0.119 0.117 0.126 0.112 0.148 

9 1.8 0.2 0.90 0.049 0.081 0.077 0.069 0.045 0.076 0.090 0.093 0.087 0.135 
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Figure (3.31 ): Job’s method for the L1-Cu at λmax = 665nm Figure (3.32 ): Job’s method for the L1-Cd at λmax = 650nm 

 

 

Figure (3.34 ): Job’s method for the L2-Co at λmax = 600nm 

Figure (3.35 ): Job’s method for the L2-Cu at λmax= 647nm 

 

 

Figure (3.36 ): Job’s method for the L3-Cu at λmax = 573nm 

Figure (3.33 ): Job’s method for the L1 -Ni at λmax= 540 nm 
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  Figure (3.37 ): Job’s method for the L3-Cr at λmax= 634nm 

  

Figure (3.39): Job’s method for the L4-Cr at λmax=530 nm Figure (3.40 ): Job’s method for the L4-Cd at λmax= 602 nm 

 

Figure (3.38 ): Job’s method fo r the L3-Co at λmax=566 nm 
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3.4: Calculation of the Metal Complexes Stability Constant (Kst) 

        Stability constant of complexes were obtained spectrophotometrically by 

measuring the absorbance of solutions of reagent and metal ion at fixed 

wavelength λmax, and fixed pH. The degree of formation of the complexes(Kst) 

were obtained from the relationship of Kst = (1-α /α
2
C) for 1:1 (M:L) metal 

complex and α=Am-As/Am, where Am and As are the  absorbance of equivalent 

amount of L:M and excess amount of ligand with constant volume of metal 

formed complex respectively
(184)

. The calculated Kst values for the complexes are 

given in table (3.2). The values of stability constant indicated high stability 

complexes
(200)

.                                                                                                           

Table (3.2): Stability Constant Values (Kst) at (λmax) and pH of Suggested 

Complexes                                                                                      

Complexes λ max 

(nm) 

pH As Am α   Kst 

[CuL1Cl2] 665 5 0.158 0.183 0.137 0.459 × 10
6
 

[CdL1Cl2] 650 8 0.176 0.222 0.248 0.122 × 10
6
 

[NiL1Cl2] 540 8 0.112 0.138 0.188 0.230 × 10
6
 

[CoL2Cl2] 600 7 0.182 0.232 0.216 0.167 × 10
6
 

[CuL2Cl2] 647 6 0.176 0.210 0.162 0.320 × 10
6
 

[CrL3Cl2]Cl 634 7 0.145 0.211 0.313 0.701 × 10
5
 

[CuL3Cl2] 573 6 0.133 0.162 0.179 0.257 × 10
6
 

[CoL3Cl2] 566 8 0.144 0.188 0.234 0.139 ×10
6
 

[CdL4Cl2] 602 6 0.082 0.108 0.241 0.131 ×10
6
 

[CrL4Cl2]Cl 530 7 0.065 0.088 0.261 0.109 × 10
6
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3.5: Infrared spectra of the ligands and their suggested complexes 

        The IR spectrum was obtained for azo-azomethine ligands prepared as KBr 

disk but the complexes as CsI disk by using a Shimaduz FT–IR 

spectrophotometer. Figures (3.41) - (3.48) and table (3.3) summarize the IR data 

of the synthesized ligands and their complexes. Similar prepared azo-azomethine 

ligands (L1 - L4) to the active groups, which are clearly shown in infrared spectra. 

These compounds contain groups (C=N), (N=N) and (OH), in all these  

compounds absorbance bands in the spectral range (1627-1639) cm
-1

 due to the 

stretching vibration of the (C=N)
(183,194)

 also owns bands in the range (1465-1481) 

cm
-1

due to the stretching vibration of the
 
(N=N)

(202)
, while the stretching vibration 

band of the (O-H)
(46)

 group appeared broad in the range (3208 - 3336) cm
-1

, the 

other hand azo-azomethine ligands have strong bands within the range (1543- 

1590) cm
-1

due to stretching vibration of the bond (C=C) of the aromatic rings
(204)

. 

As well as all prepared ligands containing the bands in the range (3056 - 3093) 

cm
-1

 due to the stretching vibration for a group (C-H aromatic)
(204,205)

, and 

contains a band at (2931 - 2970) cm
-1

 due to the stretching vibration for a group 

(C-H aliphatic)
(205)

. In ligand L1 contains other bands which appeare at (1133 and 

833) cm
-1

 due to stretching vibration for the group (C-S)
(191) 

and a strong band in 

the position1600 cm
-1

 due to stretching vibration for the (C=N)
(206)

 in thiozole 

ring .
 

        Infrared spectra are very important in determent the type of correlation in the 

case of complexes, where appeared in the complexes stretching vibration band for 

the groups (OH) are broad in the range (3217-3405)
(185)

cm
-1

, this indicates the 

association of this group with the central metal atom, where the correlation of the 

oxygen atom with the metal atom is an M-O component. The stretching vibration 

band in the range (1612-1626) cm
-1

 due to (C=N) group in the complexes. The 

shift of this band to a lower wave numbers compared to its position in the ligand  
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can be referred to a shift of lone pair density toward the metal ion, such shift 

supports the participation of the azomethine nitrogen in coordination
(205)

. 

Complexes spectrum identify appearance of new bands which were not present in 

the spectrum of ligand due to stretching vibration (M-N), (M-O) and (M-Cl), 

where appeared band (M-O)
(206,207) 

in the range (476 - 578) cm
-1

, while stretching 

vibration band of the (M-N)
(206,207) 

appeared at (416 - 486) cm
- 1

and appeared band 

in the range (331–378) cm
-1 

due to stretching vibration for the (M-Cl). In addition, 

the vibration band of the azo chromogen group both in the ligands and the 

complexes were observed at (1473,1481) cm
-1

 respectively. Although the azo 

chromogen group has a donor character and can form coordination compounds, 

the constant value of its vibration both in the ligand and the complexes shows that 

there is no coordination between the azo chromogen group and the metal ions
(207)

. 

All the vibrational data proposes that the metal ions are bonded to the azo-

azomethine ligand through the phenolic oxygen and the imino nitrogen atoms
(205)

. 

Table (3.3): FT-IR spectra of the azo-azomethine and complexes 

Comp. C=N azom. 

C=N thiaz. 

N=N C=C OH C-H 

arom. 

C-H 

aliph. 

M-O M-N M-Cl 

L1 1627 s. 

1600 s. 

1477s. 1554s. 3336 

br. 

3056 

w. 

2939

w. 

- - - 

L2 1630 s. 

- 

1481s. 1543m. 3294 

br. 

3093 

w. 

- - - - 

[CoL2Cl2] 

 

1626 s. 

- 

1481s. 1535 3281 

br. 

3078 

w. 

- 547m. 462

m. 

378 

m. 

[CuL2Cl2] 

 

1612 s. 

- 

1481v.s

. 

1533m. 3276 

br. 

3062 

w. 

- 476m. 416

m. 

331 

s. 

L3 1639 v.s. 

- 
1465v.s

. 

1582v.s

. 

3208 

br. 

3059 

w. 

2970

w. 

- - - 
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L4 1633 v.s. 

- 

1473v.s

. 

1590v.s

. 

3306 

br. 

3067 

w. 

2931

w. 

- - - 

[CrL4Cl2] 

 

 

1619 v.s. 

- 

1473s. 1556s. 3217w.

-

3405br. 

3065 

w. 

2966

w. 

532-  

578 

m. 

432-

486s

. 

308-

362s. 

[CdL4Cl2] 

 

1622 s. 

- 

1473s. 1555m. 3340-

3402br. 

3066 

w. 

2962

w. 

563m. 424-

486s

. 

331-

383s. 

br. = broad, v.s = very strong, s = strong, m = medium, w= weak 

 

Figure (3.41): IR spectrum of L1 by KBr 

 

 

 

 



Chapter three                                 Results and Discussion  

 
  

 
 
 
 

97 

 

Figure (3.42): IR spectrum of L2 by KBr 

 

Figure (3.43): IR spectrum of [CoL2Cl2] by CsI 
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Figure (3.44): IR spectrum of [CuL2Cl2] by CsI 

 

Figure (3.45): IR spectrum of L3 by KBr 

 

 



Chapter three                                 Results and Discussion  

 
  

 
 
 
 

99 

 

Figure (3.46): IR spectrum of L4 by KBr 

 

Figure (3.47): IR spectrum of [CrL4Cl2]Cl by CsI 
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Figure (3.48): IR spectrum of [CdL4Cl2] by CsI 

3.6: 
1
H-NMR spectrum 

        The 
1
H-NMR spectrum of the prepared azo-azomethine compounds (L1-L4) is 

shown in figures (3.49) - (3.52). The 
1
H-NMR spectrum appearance of  multiplet 

signal at chemical shift (δ) (6.7-7.9) ppm due to aromatic ring protons (Ar-H)
(208)

, 

the appearance of a singlet signal at 4.9 ppm due to (CH2)
(209)

 in L1, while 

azomethine proton
(208) 

was appeared in rang of (7.8-8.1) ppm and the appearance 

a singlet signal at (at 8.3-10.1)ppm due to (-OH)
(46)

. The azo-azomethine 

compounds (L1,L3 and L4) characterized by the appearance of a singlet signal at 

(3.7 - 4.0) ppm due to(-OCH3)
(208,210)

 in L1,L3 and L4 and show the a singlet signal 

in the L3 at (3.8) ppm due to (-CH3)
(211)

. 
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           Table (3.4): 
1
H-NMR spectra data of prepared azo-azomethine  

          compounds 

 

Symbol 

                                   δ(ppm)  

-OCH3 -CH2 -CH(aromatic) -CH3 -CH=N Ar-OH 

L1 3.7, 3.8   4.9 6.7-7.6 - 7.8 8.6-8.9 

L2 - - 7.5-7.9 - 8.1 10.1 

L3 4.0 - 6.9-7.7 3.8 7.9 8.3 

L4 3.9 - 7.2-7.6 - 7.8 8.4 

 

Figure (3.49): 
1
H-NMR spectrum of the L1
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Figure (3.50): 
1
H-NMR spectrum of the L2 

Figure (3.51): 
1
H-NMR spectrum of the L3 
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Figure (3.52): 
1
H-NMR spectrum of the L4 

 

3.7: Mass spectra of Azo - Azomethine 

3.7.1: Mass spectra of L1 

           Characterize mass spectra of the ligand appearance of molecular ion peak 

(M
.+

) at 772 m/z and the spectrum show a series of peaks (figure 3.53) at m/z = 

460, 329, 314, 300, 285, 180, 165, 149, 106 and 83 corresponding to  

[C24H22N5O3S]
+
, [C16H15N3O3S]

+
,[C15H12N3O3S]

+
,[C14H9N3O3S]

+
, [C13H7N3O3S]

+
, 

[C8H8N2OS]
+
,[C7H5N2OS]

+
,[C7H5N2S]

+
 ,[C7H6O]

+
 and [C3NHS]

+
 respectively. 

list in table (3.5). The mechanics of break- up are embedded in the scheme (3.1). 
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Table (3.5): Includes the important peaks which attributed to the fragment 

of L1 

 

m/z 

 

772 [C39H32N8O6S2] 

460 [C24H22N5O3S]
+
 

329 [C16H15N3O3S]
+
 

314 [C15H12N3O3S]
+
 

300 [C14H9N3O3S]
+
 

285 [C13H7N3O3S]
+
 

180 [C8H8N2OS]
+
 

165 [C7H5N2OS]
+
 

149 [C7H5N2S]
+
 

106 [C7H6O]
+
 

83 [C3NHS]
+
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Scheme (3.1): Mass spectra for the ligand L1 
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Figure (3.53): Mass spectrum of the L1 

 

3.7.2 : Mass spectra of L2 and their complexes 

          Characterize mass spectra of the ligand appearance of molecular ion peak 

(M
.+

) at 523 m/z and the spectrum show a series of peaks (figure 3-54) at m/z = 

432, 419, 314, 298, 197, 182, 133, 103, 91 and 76 corresponding to[C26H19N5O2]
+ 

,[C26H19N4O2]
+
,[C20H14N2O2]

+
,[C20H13N2O]

+
,[C12H9N2O]

+
,[C12H10N2]

+
, 

[C7H5N2O]
+
, [C7H5N]

+
,[C6H5N]

+
 and [C6H4]

+
 respectively. list in table (3.6). The 

mechanics of break- up are embedded in the scheme (3.2). 

 

    The mass spectra of the complex [CuL2Cl2]
.+

 (figure 3.55) shows of    

molecular ion (M
.+

) at 659 m/z and appearance other peaks at 588 m/z back to 

exit of the two chlorine atoms [CuL2]
.+

 and 523 m/z due to L2 [C32H24N6O2]
.+

 . 

       While the mass spectra of the complex [CoL2Cl2] (figure 3.56) shows of 

molecular ion (M
.+

) at 656 m/z and appearance other peaks at 621m/z , 587 m/z 
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back to exit of the chlorine atoms [CoL2Cl]
.+

 , [CoL2]
.+

 and 524 m/z due to L2 

[C32H24N6O2]
.+

.   

Table (3.6): Includes the important peaks which attributed to the fragment 

of L2 

m/z 

 

523 [C32H24N6O2]
+
 

432 [C26H19N5O2]
+
 

419 [C26H19N4O2]
+
 

314 [C20H14N2O2]
+
 

298 [C20H13N2O]
+
 

197 [C12H9N2O]
+
 

182 [C12H10N2]
+
 

133 [C7H5N2O]
+
 

103 [C7H5N]
+
 

91 [C6H5N]
+
 

76 [C6H4]
+
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Scheme (3.2): Mass spectra for the ligand L2 

 



Chapter three                                 Results and Discussion  

 
  

 
 
 
 

109 

 

Figure (3.54): Mass spectrum of the L2 

 

Figure (3.55): Mass spectrum of the complex [CuL2Cl2] 
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Figure (3.56): Mass spectrum of the complex [CoL2Cl2] 

 

3.7.3: Mass spectra of L3 

         Characterize mass spectra of the ligand appearance of molecular ion peak 

(M
.+

) at 626 m/z and the spectrum show a series of peaks (figure 3-57) at m/z = 

535, 254, 236, 146, 133, 119, 105, 91 and 77 corresponding to [C30H27N6O4]
+
, 

[C15H14N2O2]
+ 

, [C15H13N2O]
+
, [C8H6N2O]

+
, [C7H5N2O]

+
,
 
[C7H7N2]

+
, [C7H7N]

+
, 

[C7H7]
+
 and [C6H5]

+
 respectively. They are listed in table (3-7). The mechanics of 

break- up are embedded in the scheme (3-3). 
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Table (3.7): Includes the important peaks which attributed to the fragment 

of L3 

m/z 

 

626 [C37H34N6O4]
+
 

535 [C30H27N6O4]
+
 

254 [C15H14N2O2]
+
 

236 [C15H13N2O]
+
 

146 [C8H6N2O]
+
 

133 [C7H5N2O]
+
 

119 [C7H7N2]
+
 

105 [C7H7N]
+
 

91 [C7H7]
+
 

77 [C6H5]
+
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Scheme (3.3): Mass spectra for the ligand L3 
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Figure (3.57): Mass spectrum of the L3 

 

3.7.4 : Mass spectra of L4 and their complexes 

         Characterize mass spectra of the ligand appearance of molecular ion peak 

(M
.+

) at 584 m/z and the spectrum show a series of peaks (figure 3.58) at m/z = 

344, 331, 318, 301, 240,  222,  211, 181, 132, 107, 93, 77 and 65 corresponding 

to [C20H16N4O2]
+
,[C20H16N3O2]

+
,[C18H14N4O2]

+
, [C18H13N4O]

+
,[C14H12N2O2]

+
, 

[C14H11N2O]
+
, [C13H11N2O]

+
, [C12H9N2]

+
, [C8H6NO]

+
, [C6H7N2]

+
, [C6H7N]

+
, 

[C6H5]
+
and [C5H5]

+
 respectively. They are listed in table (3.8). The mechanics of 

break- up are embedded in the scheme (3.4). 

       The mass spectra of the complex [CrL4Cl2]Cl (figure 3.59) shows of 

molecular ion (M
.+

) at 742 m/z and appearance other peaks at 706 m/z , 635 m/z  

back to exit of the chlorine atoms [CrL4Cl2]
.+

, [CrL4]
.+

 . 
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       While the mass spectra of the complex [CdL4Cl2] (figure 3.60) shows of 

molecular ion (M
.+

) at 767 m/z and appearance other peaks at 732 m/z , 583 m/z  

back to exit of the chlorine atom [CdL4Cl]
.+

 and 583 m/z due to L4 

[C34H28N6O4]
.+

. 

Table (3.8): Includes the important peaks which attributed to the         

fragment of L4 

m/z 

 

584 [C34H28N6O4]
+
 

344 [C20H16N4O2]
+
 

331 [C20H16N3O2]
+
 

318 [C18H14N4O2]
+
 

301 [C18H13N4O]
+
 

240 [C14H12N2O2]
+
 

222 [C14H11N2O]
+
 

211 [C13H11N2O]
+
 

181 [C12H9N2]
+
 

132 [C8H6NO]
+
 

107 [C6H7N2]
+
 

93 [C6H7N1]
+
 

77 [C6H5]
+
 

65 [C5H5]
+
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Scheme (3.4): Mass spectra for the ligand L4 
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Figure (3.58): Mass spectrum of the L4  

 

Figure (3.59): Mass spectrum of the complex [CrL4Cl2]Cl 
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Figure (3.60): Mass spectrum of the complex [CdL4Cl2] 

 

3-8: Molar Electrical Conductivity  

       The electrical conductivity is regarded as one of the important and simple 

means for knowing the ionic formula of the compounds which are complex in 

their solutions and the degree of electrical conductivity is direct proportional 

with the number of ions which are released by the complex in the solution. It 

takes low values, when the complex does not have any ionic feature
(212)

. The 

water is not favored to be used as a solvent in the process of measuring the 

molar electrical conductivity for coordinative complexes because of some 

complexes sometimes hydrolysis or difficult dissolved in water, But the 

organic solvents are often used, such as methyl cyanide, nitro methane, 

dimethyl formamide , dimethyl sulfoxide and other, where the solvent 

inactive for the complexes have a dielectric constant and low viscosity
(213)

.      
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     Definition molar conductivity 1 cm
3
 of solution that contains 1 mole of the 

solute and the molar conductivity can be counted by the following relations. 

L complex = A solution – A solvent    

 K = L complex × K cell 

                            m = 1000 K/C ˄   

K cell = cell constant (cm
-1

)   

L complex = complex conductivity (S)   

A solution = solution conductivity (S)  

A solvent = solvent conductivity (S) 

K = specific conductance (S.cm
-1

) 

C = molar concentration (mole. cm
-3

) 

m = molar conductivity (S.cm
2
. mole

-1
) ˄ 

 

  Table (3.9): The values of molar conductivity ˄m complexes ligand L2    

solvent DMSO concentration of 10 
-3 

M at a temperature of 298 K in 

 

Electrolyte Type ˄m (s.cm
2
. mole

-1
)  

in DMSO 

Complexes No. 

Non Electrolyte 17 [CuL2Cl2] 1 

Non Electrolyte 16 [CoL2Cl2] 2 

 

   Table (3.10): The values of molar conductivity ˄m complexes ligand L4 

solvent DMSO concentration of 10 
-3 

M at a temperature of 298 K in 

 

Electrolyte Type ˄m (s.cm
2
. mole

-1
) 

 in DMSO 

Complexes No. 

1:1 34 [CrL4Cl2]Cl 1 

Non Electrolyte 15 [CdL4Cl2] 2 
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          It was measured molar conductivity for solid complexes solutions of 

ions Cu(II) and Co(II) ions with L2 and Cr(III) and Cd(II) ions with L4 

concentration of 10
-3

M dissolved in dimethylsulfoxide (DMSO) each 

separately at a laboratory temperature, has been used distilled water as a 

reference. The results are included in table (3.9) and table (3.10) were found 

from the conductivity values of the Cu(II), Co(II) and Cd(II) complexes 

behave neutral compounds (non electrolytic) the lack of any adjective ionic 

but Cr(III) complex with L4 behaves the behavior of ionic compound and its 

conductivity is 1:1 depending on the chloride ions outside. To make sure 

there is no chloride outside the coordination sphere by adding aqueous 

solution of silver nitrate (AgNO3) to complex solution (complex dissolved in 

DMSO), where noted not appearance precipitate or turbidity the solution, 

this refers to the absence of chloride ion outside the coordination sphere 

while if the chloride out of the coordination sphere white precipitate it will 

form, and turbidity increased by increasing the number chloride atoms 

outside of the coordination sphere as counter ions. The obtained results were 

appropriate with the molecular formula and stereochemistry proposed of the 

prepared.complexes.  .                                                                                       
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Cloud Point Extraction  

       In this study, unprecedented trends for the analytical separation and 

preconcentration by using the cloud-point extraction (CPE) methodology, 

three chelating agents were used  for formation of ion association  

complexes with Cd(II),Cu(II)  and Co(II) ions. L1 with Cd(II), L2 with Cu(II) 

and L3 with  Co(II). These reagents were synthesized in our laboratory.  

 

3.9: Cloud point extraction of cadmium(II) 

3.9.1: Calibration curve of determination cadmium ion 

        A calibration curve was previously constructed for each experiments in 

this study in order to determine the quantity of Cd(II) ion. The absorbance 

was recorded in the concentration range (1.6) μg.ml
-1

of  Cd(II) at λmax of 

228.80 nm by flame atomic absorption spectrophotometer. The calibration 

curve was constructed by plotting values of absorbance versus concentration 

as shown in figure (3.61).                                                        .                         

                                                                                         

 

Figure (3.61): Calibration curve of cadmium (II) ion 
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3.9.2: Optimization of CPE Procedure 

       The effects of several experimental parameters which impact the CPE  

efficiency were carried out by classical optimization (one-variable-at-a-time). 

In this approach, we observe the effect of one factor at a time (OVAT) on an 

experimental response. While only one factor is changed, others are kept at a  

constant level. Although, the “optimization” performed by OVAT
(214) 

 does 

not ensure at all that the real optimum will be conformed, but it would be 

valid only if the variables to be optimized would be totally independent from 

each other (i.e. no interactive effects among the variables). Nevertheless, the 

classical optimization certainly leads at least to an improvement of the 

analytical method.  Inasmuchas the extraction efficiency of the CPE depends 

on dual factors, some of regarding the prior formation of a complex with 

sufficient hydrophobicity and the other for the formation of micelles to obtain 

the desired separation and preconcentration. Consequently, the effects of 

reagent concentration, HCl concentration, incubation time, equilibration 

temperature, Triton X-100 volume were selected in this study.                           

3.9.2.1: Effect of reagent (L1) Concentration  

       The effect of the concentration of reagent (L1) was investigated by taking 

10 ml solution containing 3µgml
-1

 of Cd(II), 0.5 ml of 1% Triton X-100, 1ml 

of 0.1M HCl and varying concentration of (1×10
-4

, 5×10
-4

, 1×10
-3

, 5×10
-3

, 1× 

10
-2

,5x10
-2

M) of reagent (L1), followed CPE procedure (2.13). The results are 

shown in figure (3.62) .                                                                                    
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Figure (3.62): Effect L1 concentration on the absorbance values 

 

         The absorbance increases linearly with an increase in L1
+
 concentration 

up to 5x10
-3

 M which was certainly sufficient for ion-association complex 

formation in the extracted medium. After this concentration, the absorbance 

remained constant indicating that the extraction of the complex in micelles 

medium was independent of further increase in the concentration of L1
+
. 

Therefore, a concentration of 5x10
-3

 M of L1
+
 was decided to be used as 

optimum the provides a high distribution ratio (D) with highly stable ion pair 

complex formation extractable into surfactant. The distribution ratio (D) to 

obtain from the reminder quantity of Cd(II) as CdCl4
2- 

and amount of 

transferred  Cd(II) as CdCl4
2-

 to form ion-pair complex into surfactant . 

        At lower than 5x10
-3 

M, unstable ion-pair complex was formed which 

leads to depress the extraction into surfactant because the complexation 

reaction is not sufficient to reach an ideal thermodynamic equilibrium for 

complex formation because the rate of dissociation becomes more than the 

rate of association
(186)

. Therefore, we chose a concentration of 5x10
-3

 M of 

L1 as optimal in this work.  
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3.9.2.2: Effect of HCl Concentration 

       Because the HCl concentration plays an important role in metal anion 

CdCl4
2-

 complex formation with reagent and subsequent extraction, the effect 

of HCl concentration was studied by measuring the absorbance of solutions 

containing 3μg.mL
-1

 cadmium as CdCl4
2-

,5x10
-3

M reagent(L1) and 0.5 ml of 

1% (w/v) Triton X-100 with various concentrations of hydrochloric acid 

(0.05-2)M, according to general CPE procedure (2.13) as shown in figure 

(3.63). 

       The results reveal that the absorbance is almost constant in the HCl 

concentration range of (0.5-1)M. At lower than 0.5M HCl, the absorbance 

depression occurs due to incomplete ion pair complex formation between 

CdCl4
2-

 and L1, while the above 0.5M HCl the absorbance slightly decreases 

because of the instability of ion pair complex and less micelles formation with 

surfactant Triton X-100. Thus 0.5M of HCl was selected as optimum value 

throughout the experiment
(186)

. 

 

 Figure (3.63):  Effect of HCl concentration on CdCl4
2-

 complex 

formation with L1 by CPE 
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      The results show that 0.5M HCl more favourable for the extraction of 

cadmium as anion complex CdCl4
2-

 with reagent (L1) in the form of ion  

association complex, giving higher absorbance for complex extracted to 

micelles layer. It is worth mentioning the transformation of cadmium cation to 

anion complex CdCl4
2-

 to submit to thermodynamic equilibria to the 

formation of  high concentration and stable anion complex according to 

equilibriums below:- 

 

 This thermodynamic equilibrium depends on chloride ion concentration in 

    aqueous solution and concentration of anion complex (CdCl4
2-

) as well the 

high stability effect on the extraction efficiency by cloud point extraction 

method. At concentration of HCl less than 0.5M, it
 
cannot be allowed to 

reach the thermodynamic equilibrium, which is not giving stable and 

suitable concentration of CdCl4
2-

 for efficiency extraction, but more than 

0.5M of  HCl the effect leads to depress anion complex formation and 

stability as well as decrease absorbance of  ion pair complex extracted to 

cloud point and distribution ratio (D) according to mass action low and Le 

Chatlier principle
(215)

.      
                      

.                                                                   
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                                                                     3.9.2.3: Effect of Incubation Time 

      The effect incubation time on extraction is an important parameter in CPE 

process for complete reaction to achieve easy phase separation and the of 

Cd(II) preconcentration to be as efficient as possible. The effect of time on the 

extraction as CdCl4
2-

 in the range of (10 - 45) min was investigated by taking 

10ml aqueous solution  containing 3μgml
-1

 Cd
2+

, 0.5 M HCl, 5x10
-3

 M(L1) 

,0.5ml of 1% (w/v) Triton X-100, followed CPE procedure (2.13). The results 

are shown in figure   (3.64). 

 

Figure (3.64): Effect of time on absorbance 

 

       It showed that the maximum time of incubation was observed at 20 min 

and after this value resulted in poor quantitative extraction occurs, probably 

due to thermal instability of the complex. Therefore, an incubation time at 20 

min was selected as optimal with a highly stable ion pair complex formation 

extractable into surfactant
(186)

. Any time less than optimum not allow reaching 

kinetic equilibrium for aggregation micelles, but the time more than optimum 

value giving increasing in kinetic energy which is effect to increase diffusion 

of micelles
(216)

.           

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0 10 20 30 40 50

A
b

s 

Time. min 



Chapter three                                 Results and Discussion  

 
  

 
 
 
 

126 

 

3.9.2.4: Effect of equilibrium temperature 

       The effect of the equilibrium temperature was examined by taking 10 ml 

aqueous phase containing of 3μgml
-1

Cd (II) as CdCl4
2- 

and keeping other factors 

at optimum conditions. The temperature was varied from 30 ºC to 90 ºC for 20 

min followed the general CPE procedure(2-13). Preliminary experiments 

indicated that at temperature below 70 ºC, no concrete phase separation (i.e. two 

phases weren't formed) was observed due to very low number of micelles formed 

which cannot be able to encompass the ion-pair association complex at this 

temperature.  But, at 70 ºC, an excellent phase separation has taken place because 

of high number of micelles formed at CPT leading the entire transference of the 

hydrophobic complex into surfactant-rich phase that maximizes the sensitivity
(186)

 

as shown in figure (3.65). 

 

.                      .                                              

                   Figure (3.65): Effect of temperature on complex formation  

                                          by CPE 
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3.9.3:  Thermodynamic Study 

          The equilibrium extraction constants (Kex) and thermodynamic 

parameters for the extraction of [L1
+ 

;HCdCl4
-
] complex during the cloud point 

using Triton X-100 as a mediated extracting agent at various temperatures were 

determined. Depending on different operation temperatures and the distribution 

of target species between two phases via calculating the distribution ratios (D), 

the equilibrium extraction constants (Kex) can be calculated and subsequently 

thermodynamic parameters for the extraction of the complex system at various 

temperatures were also determined. The equilibrium constants (Kex) at the 

selected temperature were calculated from equation mentioned in (2.14.4) and 

the results are presented in table (3.12) and shown in figure (3.66).                    

           

Table (3.11): Variation of temperature for the extraction cadmium by L1 on 

distribution ratio D.                                                                                     .         

       

T / °C T / °K Absorbance D 

30 303 0.023 1.089 

40 313 0.026 1.477 

50 323 0.028 1.929 

60 333 0.033 3.386 

70 343 0.037 7.475 

80 353 0.036 5.466 

90 363 0.029 2.112 

 

Table (3.12): Variation of equilibrium constant with temperature during CPE  

for extraction Cd(II) with (L1)    

T°C 30 40 50 60 70 

T°K 303 313 323 333 343 

1/ T *10
-3

 3.300 3.195 3.096 3.003 2.915 

D 1.089 1.477 1.929 3.386 7.475 

Kex * 10
8
 0.171 0.274 0.424 1.113 4.746 

Log Kex*10
8
 7.233 7.438 7.627 8.046 8.676 
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      Thermodynamic parameters were also calculated from the relationships 

mentioned in (2.14.4). The results are summarized in table (3.13). 

 
 

     Figure (3.66): Effect of the equilibration extraction temperature 

  on ion pair complex formation                                         

 

    Table (3.13): Thermodynamic parameters for the extraction of Cd
 

ion-pair complex by CPE 

T°K ∆Hex 

(KJ mol
-1

) 

Gex∆ 

(KJ mol
-1

) 

 

∆Sex 

(Jmol
-1

) 

303  

0.0684 

 

-41.958 138.701 

313 -44.569 142.612 

323 -47.166 146.237 

333 -51.298 154.253 

343 -56.974 166.304 

  

       The value of enthalpy change (∆Hex) was obtained from the plot of log 

Kex versus 1/T (figure 3.66) and found to be 0.0684 kJ mol
-1

 while the values 

of Gibbs free energy (∆Gex) were obtained at different temperatures. Once 

these two parameters are obtained, the values of entropy change (∆Sex) were 

also calculated and all the data are shown in (table 3.13). The results revealed 

that the extraction  

y = -3.5731x + 18.891 
R² = 0.9169 
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of ion-pair complex is easy and thermodynamically favourable and resulting 

in increasing the phase-volume ratio thus extraction efficiency .   

      The extraction process is endothermic in nature, which is also verified 

from the positive value of ΔHext  in (table 3.13). It was also noted from (table 

3.13) that the values of ∆Gex approximately increased with temperature. The 

negative values of ∆Gex indicate that the ion-pair complex solubilisation 

process is also spontaneous and thermodynamically favourable
(216,217)

. The 

reaction of extraction by CPE is endothermic reaction and positive value of 

∆Sex means the reaction is entropic in region .                              

         

3.9.2.5: Effect of Triton X-100 Volume 

       A successful cloud point extraction procedure should maximize the 

extraction efficiency by minimizing the phase volume ratio ,which improve its 

concentrating capability. The effect of Triton X-100 concentration was 

investigated between (0.1-1.5)ml of triton X-100 (1% w/v) in 10ml aqueous 

solution containing 3μgml
-1

 Cd
2+

, 0.5 M HCl and 5x10
-3

 M reagent and 

subjected to general CPE procedure (2.13). The results are shown in figure 

(3.67). Triton X-100 was chosen for the surfactant-rich phase due to its high 

extraction efficiency, adequate cloud-point temperature, and high viscosity of 

the surfactant-rich phase, which makes the phases separation easy without the 

need of centrifugation and cooling steps. The results have shown that the 

maximal absorbance signal were achieved when the volume of 1% (w/v) Triton 

X-100 at 0.9 ml (figure 3.67) and the absorbance subsequently decreased 

sharply because of the increment in the overall analyte volumes and viscosity 

of surfactant phase leading to poor sensitivity.                                        .            

                                                                   .                             
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    Figure (3.67): Effect of Triton (X-100) amount on absorbance 

 

      It can be concluded that at optimum amount, it means that 

thermodynamically plays a major role on extraction efficiency and this helps  

to reach favourable thermodynamic equilibrium for the extraction by giving a 

small viscous surfactant layer which can be extracted a high concentration of 

complex with high stability. At less than optimum of TX-100, it cannot be 

allowed to reach high stable thermodynamic equilibrium , while at 

concentration more than optimal, the effect leads to the deviation of the 

equilibrium due to the diffusion of micelles Consequently, the optimum 

volume of 1% (w/v) Triton X-100 at 0.9ml was selected for optimal 

absorbance to achieve the highest possible extraction efficiency and pre-

concentration factor
(186,218)

. 

3.9.4: Stoichiometric Determination of Complex 

          (Slope Analysis Method)                                 

       The stoichiometric determination for the reaction of  CdCl4
2- 

anion with L1
+
 

organic reagent  to  form an ion-association complex was obtained according to 

the procedure mentioned in (2.16) by the dependence of log D = f (log CL1). The 

results are previously presented in shown in table (3.14) and figure (3.68). 
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Table(3.14): Effect of L1 concentration on extractability of Cd(II) 

[L1] Absorbance D Log D 

1×10
-4

 0.028 1.780 0.250 

5×10
-4

 0.030 2.448 0.389 

1×10
-3

 0.038 9.101 0.959 

5×10
-3

 0.039 10.364 1.016 

 

 
 

Figure (3.68): Slope analysis method: log D = f (logCL1) 
 

      The results revealed that the slope of the figure (3-68) in log D = f (log 

CL1)   coordinates is nearly equal to less than one  (0.4944) , indicating that 

the ion pair complex with [L1
+;

 HCdCl4
-
] was most probably as1:1 ratio 

extracted into the surfactant-rich phase as shown in the following 

complexation reaction
(219)

 . 

  

L1
+
 + Cl

-
 + HCdCl4

-                 
   L1 

+ 
; HCdCl4

-
 + Cl

- 

 

y = 0.4944x + 2.2107 
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3.9.5: Calibration Curve of Cd(II) using CPE 

 
       Calibration curve was obtained by plotting the absorbance versus the 

concentration of Cd
+2 

via the processing 15ml standard solutions containing 

(0.01-1.3) µg.ml
-1

 of Cd
2+ 

as CdCl4
2-

 under the established optimized conditions 

from concentration of the reagent, concentration of HCl ,Triton X-100, time and 

temperature. The absorbance of final solution was measured by FAAS. The 

results were shown in figure (3.69). Very good linearity was obtained in the 

concentration range of (0.01-1.3) µgml
-1

 for Cd with coefficient of determination 

(R
2
) of 0.9994.

 

 
     

Figure (3.69): Calibration Curve for determination of cadmium     

 ion using CPE-FAAS   
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3.9.6: Validation of Method and Calibration Curve of Cadmium Ion 

 
        Under the optimum conditions, performance characteristics were 

obtained by processing standard solutions of Cd
2+ 

and the data is illustrated in 

table (3.15). Calibration function were linear at least up to (0.01-1.3μg.ml
−1

). 

The limit of detection (LOD) of a method is the lowest analyte concentration 

that produces a response detectable above the noise level of the system, 

typically , three times the standard deviation of the blank (n=8). The limit of 

quantitation (LOQ) is the lowest level of analyte that can be accurately and 

precisely measured. The limit of quantitation, defined as 10 times the standard 

deviation of the blank (n=8). The limit of detection and limit of quantitation 

(LOQ) were of (0.012464 ,0.041546) μg.ml
-1

 respectively, depending on the 

standard deviation of the response and the slope of the calibration curve using 

the following equation: (LOD=3δB/s ), (LOQ=10δB/s), where δB is the 

standard deviation of the blank calibration plot and (s) is its slope
(220,221)

. 

Comparing this with the traditional method, by direct aspiration of sample, 

the limit of detection and limit of quantitation where (0.115111, 0.383704) 

μg.ml
-1

. The LOD and LOQ by using CPE method were 9 times smaller than 

the traditional. Figures (3.61) and (3.69) show these results. Furthermore, for 

preconcentration of 15ml of the working standard solutions based on the slope 

ratio of calibration curves with and without preconcentration
(191)

, an 

enrichment factor of 51.259, was obtained for Cd solution figure (3.70). To 

test the reproducibility of the proposed extraction method, the suggested 

procedure was repeated eight times under optimum conditions. The relative 

standard deviation (R.S.D.) was measured for 0.05μg.ml
-1

 to be 1.308%. The 

consumptive index is defined as the sample volume in milliliters consumed to 

reach a unit of enrichment factor (EF)
(132)

: CI = Vs(ml) / EF = 0.293. 
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Table (3.15): Optimum conditions, performance characteristics for Cd-L1 

No. Parameters Value 

1 Cd hallow cathode lamp element (nm) 228.80 nm 

2 Sample volume (ml) 15ml 

3 Chelating agent (L1) 5*10
-3

M 1ml 

4 HCl 0.5M 

5 Incubation time (min) 20min 

6 Water bath heating temperature(ºC) 70ºC 

7 Triton X-100 (1%) 0.9ml 

8 Slope with preconcentration 0.692 

9 Slope without preconcentration 0.0135 

10 Enrichment factor (Slope of CPE/Slope of Normal) 51.259 

11 preconcentration factor 15 

12 Consumptive index (CI) 0.293 

13 Correlation coefficient (R
2
) 0.9994 

14 Concentration rang μg.ml
-1

 (0.01-1.3) μg.ml
-1

 

15 limit of detection (3σB/slope) μg.ml
-1

 0.012464 

16 Limit of quantitation (10δ/slope)µg.ml
-1

 0.041546 

17 RSD% (n= 8) at 0.05μg.ml
-1

 1.308% 
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Figure(3.70): Enrichment factor between CPE method compare                 

with normal determination 
 

         The previous figure shows the comparisons between preconcentration by 

CPE and the traditional measurements, there is a good enrichment of signal 

able to use it for detect micro quantity of cadmium in the sample . 

  

3.9.7: Determination of cadmium ion  in real samples 

         To evaluate the effectiveness of the developed procedure was applied for 

the determination of cadmium(II) in various samples including (milk, tobacco, 

tea, soil and two different water samples including river and tap water) in order 

to test its applicability and  reliability. For this purpose, an aliquot of each 

sample prepared was preconcentrated following CPE recommended procedure 

(2.13), the results as shown in figure (3.71). Good recoveries (100.165-

103.383%) were achieved for all analyzed samples by adding Cd(II) standard 

solution into the sample solution. FAAS was employed for the accuracy check, 

due to its better sensitivity. The results of this method for each type of the 

selected samples and the recoveries are shown in the table (3.16). As it can be 

seen, the determination of Cd
2+

 in real samples is noticeably accurate by the 

purposed method . 
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Figure (3.71): Determination of Cd

2+ 
ion in real samples 

 

Table (3.16):  Recovery percentage of the cadmium ion real samples 

Error   % Recovery % Cd Found Cd Add 

 

Sample 

- - 0.148 0 River water 
a

 

0.309 100.309 0.650 0.5 

- - 0.046 0 Tap Water 
a

 

2.198 102.198 0.558 0.5 

- - 0.092 0 Milk 
b

 

1.648 101. 648 1.110 1 

- - 0.212 0 Tea 
b

 

0.165 100.165 1.214 1 

- - 0.746 0 Tobacco 
b

 

1.145 101.145 1.766 1 

- - 
0.478 

0 Soil 
b

 

3.383 103.383 1.528 1 

      a: All values are μg.ml
-1

, b: All values are μg.g
-1
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        The results have shown that the concentration of Cd
2+

 ion in river and tap 

waters was just above the maximum permitted concentration (0.003µg.ml
-1

) for 

protection of aquatic life and drinking water as reported by WHO(2011)
(222)

, 

while in milk too it is just more than the maximum permissible concentration 

(0.01µg.g
-1

) as recommended by WHO
(223)

, The cadmium concentration in tea 

was found 0.212µg.g
-1

, which was above than the World Health Organization 

(WHO) recommended limit of 0.10 μg.g
-1(224)

. Phosphate fertilizer applied to 

soil is a significant contributor for tea contamination for Cd
(225)

. According to 

the MOA standard
(226)

, the Cd limit in tea was below from permissible 

concentration (1 mg.kg
-1

).  

 Cadmium level in cigarette tobacco 0.746µg.g
-1

 was more in the 

literature range (0.148-0.380µg.g
-1

)
(227) 

and above the permissible limit 

(0.05mg/kg)
(228)

. Cigarettes containing 0.5–3μg cadmium per gram of tobacco 

can result in up to 3μg daily cadmium absorption via the lungs, assuming a 

25% absorption factor
(229). 

Tobacco plants have a special ability to absorb 

cadmium from soil . Concentration of Cd(II) in soil 0.478µg.g
-1

 was below the 

WHO/FAO
(230)

 permissible limit of 3mg/kg for soil. M.Ghaedi. et.at 
(121)

 was 

found concentration of cadmium in soil 0.370 µg.g
-1

. 

 

3.10: Cloud point extraction of copper (II) 

3.10.1: Calibration curve of determination copper ion 

        A calibration curve was previously constructed for each experiments in this 

study in order to determine the quantity of Cu(II) ion. The absorbance was 

recorded in the concentration range of (1-10) μgml
-1

 Cu(II) at λmax of 324.75nm 

by flame atomic absorption spectrometry. The calibration curve was constructed 

by plotting values of absorbance versus concentration as shown in figure (3.72).                                          
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               Figure (3-72): Calibration curve of copper(II) ion               

 

3.10.2: Optimization of CPE procedure 

       The effects of several experimental parameters which impact the 

CPE efficiency were carried out by classical optimization (OFAT) 

procedure. In as much as the extraction efficiency of the CPE depends on 

dual factors, some of regarding the prior formation of a complex with 

sufficient hydrophobicity and the other for the formation of micelles to  

obtain the desired separation and preconcentration. Consequently, the 

effects of reagent concentration, HCl concentration, incubation time, 

equilibration temperature and Triton X-100 amount were selected in this 

study. 
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3.10.2.1: Effect of reagent (L2) Concentration 

       The extraction according to CPE methodology depends on major step 

of complexation between organic reagent and Cu(II) which can be  

transferred to surfactant after formation cloud point  phase . Since the 

complexation step also depends on the nature of organic reagent which 

specify the extraction capability via the formation more stable ion pair 

complex, the effect of reagent concentration was carried out by taking 10 

ml solution containing 3µg.ml
-1 

Cu(II)
 
, 0.1 M HCl, 0.5ml of Triton X-

100 plus various concentrations (1x10
-4

,5 x10
-4

,1 x10
-3

,5 x10
-3

,1x10
-2

, 

5x10
-2

 M) of reagent (L2). Each experiment was and subjected to the CPE 

process (2.13). The results are shown in figure(3.73). It was observed that 

the absorbance increased with increasing organic reagent concentration 

up to 5x10
-3

M and suddenly absorbance decrease at higher concentration. 

It can be concluded that a concentration of 5x10
-3

M of reagent gives more 

sensitivity and more stable ion pair complex extracted by CPE method. 

 

 

Figure (3.73): Effect L2 concentration on absorbance 
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     It can also be seen  that the rate of formation of ion pair complex for 

extracted Cu(II) is faster than of back forward reaction at optimum 

concentration of organic reagent (5x10
-3

M), but at concentration less than 

optimum, the situation is different that the rate of back reaction becomes  

predominates leading to the dissociation of ion pair complex and 

decreased in absorbance
(219)

 .                                                                        

3.10.2.2: Effect of HCl concentration on CPE 

        The separation Cu(II) ion by CPE method involves the formation of 

ion-association complex between this ion and the organic reagent(L2) in 

the presence of HCl, to get sufficient hydrophobicity that can be extracted 

into micelle medium thus obtaining desired enrichment. The effect of 

HCl concentration was studied individually by measuring the absorbance 

of 10ml solution containing 3µgml
-1

Cu(II), 5x10
-3

M reagent solution (L2) 

and 0.5ml of 1% Triton X-100 by varying the concentration range of 

(0.05-2)M HCl and each solution subjected to general CPE procedure    

(2.13). The results were depicted in the figure (3.74).                                 

 

Figure (3.74):  Effect of HCl concentration on absorbance 
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        The results revealed that 0.3M of HCl was the optimum 

concentration, giving highest absorbance for the ion pair complex that 

extracted in micelles and more stable into surfactant-rich phase. Thus, the 

major effect of HCl was the formation of ion pair complex as shown 

below:                                                                                                          

 

 

       Thereafter, an exchange of small anions Cl
-
 with Cu ion may occur in 

micelles as the following :                                                                       

 

 

3.10.2.3: Effect of Incubation Time 

        The incubation (heating) time is an important parameter in CPE 

process  for a complete reaction  to achieve an easy phase separation and 

the preconcentration to be as efficient as possible. The effect of time on 

the extraction of Cu(II) was conducted for the solutions containing 10 ml 

of  3μgml
-1

 of Cu(II) by varying the time between (10 - 45) min at 50°C 

and keeping other variables at optimal. It can be seen that the optimum     

heating time was 15 min for the extraction Cu(II) with L2. The results        
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have also shown that the absorbance increase with heating time to reach   

the optimal value (figures 3.75), indicating that better thermodynamic 

equlibria for cloud point formation with smaller volume , higher density 

of SRP, good dehydration and better partition of ion pair complex 

between two phases. From the kinetic point of view, this partition and 

dynamic movement and transference of ion pair complex to the formation 

cloud point layer were achieved at optimum time. At heating time of less 

than optimum value, no allowance for complete dehydration which might 

lead to increase in diffusion of micelles, thereby the extraction capability 

depressed. While at heating time of more than optimum value, the effect 

was also obvious in poorness of the extraction efficiency due to the 

increase of diffusion
(219)

.                                                                              

                                               

 

  

Figure (3.75): Effect of incubation time on absorbance            
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3.10.2.4: Effect of Equilibrium Temperature 

     The effect of temperature is also a crucial and very important 

parameter in CPE process to ensure phases separation and complete 

extraction in order to achieve preconcentration factor of an analyte 

efficiently as much as possible. Since extraction by CPE is performed 

under isothermal conditions for phase separation, an equilibration 

temperature that were well above the cloud point temperature of the 

surfactant is required to obtain the surfactant rich-phase with a small 

volume and a high density layer resulting from the micelles aggregation. 

The dependence of absorbance upon equilibration temperature was 

examined in the range of (30-90)°C at 15 min for the extraction of copper 

ion with (L2), keeping other conditions at optimal. The results are shown 

in figure (3.76).                                                                                                                             

 

Figure (3.76) : Effect of heating temperature on absorbance 
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difficulty in distinguishing the two phases thereby the ion-pair association 

complex which cannot be well separated. The results have shown that the 

optimum equilibrium temperature for extraction of copper ion with (L2) 

was of 60°C at 15 min. This gave maximum absorption signals to be  

achieved, thus indicating a good quantitative extraction for Cu(II) ion.  At 

a higher temperature than optimal, the absorption signal decrease due to 

the thermal decomposition of the complex
(219)

. Therefore, 60°C at 15 min 

was selected for copper as the working equilibration temperature in this 

study. 

3.10.3: Thermodynamic Study 

      It is useful to study the mechanism of phase separation by CPE which 

is still ambiguous and not intensively investigated yet. Therefore, in this 

study, some thermodynamic data is determinate for H-L2
+
; HCuCl4

-
 

system using Triton X-100 as a mediated extracting agent in order to  

understand a probable mechanism above the cloud point temperature 

(CPT). Depending on different operation temperatures and the 

distribution of target species between two phases via calculating the 

distribution ratios (D), the equilibrium extraction constants (Kex) can be 

calculated and subsequently thermodynamic parameters for the extraction 

of the complex system at various temperatures were also determined. The 

equilibrium constants (Kex) at the selected temperatures were calculated 

from equation (2-2) mentioned in chapter two (2.14.4) and the results are 

presented in tables (3.17) and (3.18). 
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Table (3.17): Variation of temperature  for the extraction copper by L2 on 

distribution ratio D 

T / °C T / °K Absorbance D 

30 303 0.089 9.067 

40 313 0.091 12.043 

50 323 0.094 19.000 

60 333 0.0954 31.468 

70 343 0.095 27.571 

80 353 0.090 10.152 

90 363 0.087 7.499 

 

Table (3.18): Variation of equilibrium constant with temperature during 

CPE for extraction Cu(II) with (L2) 

T°C 30 40 50 60 

T°K 303 313 323 333 

1/ T *10
-3

 3.300 3.195 3.096 3.003 

D 9.067 12.043 19.000 31.468 

Kex * 10
9
 0.387 0.665 1.610 4.328 

Log Kex * 10
9
 8.588 8.823 9.207 9.636 

 

       These thermodynamic equilibrium constants (Kex) actually represent 

all equilibrium constants that affect the separation process such as 

aggregation micelles constant with increasing temperature, complex 

transference constant from aqueous phase to surfactant phase , association 

constant of the complex and distribution constant of the surface between 

aqueous phase and surfactant (micelles) phase. From the results in table 

(3-18), a plot of logarithm values of Kex versus inverse temperature in 

Kelvin gave a straight line and from its slope, the enthalpy of extraction 

(ΔHex) can be calculated for CPE method as shown in the table (3.19). 

While the values of entropy (∆Sex) and Gibb free energy (∆Gex) of this     

extraction process are determined from the following thermodynamic       
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relationships [ΔGex= - RT ln Kex ] and [∆Gex = ∆Hex – T∆Sex] respectively 

that also described in chapter two (2.14.4).  Once (∆Hex) and (∆Gex) are 

obtained, the ∆Sex is calculated from second relationship. The results are 

presented in table (3.19). The values of enthalpy change (∆Hex) were 

obtained from the plot of log Kex versus 1/T (figures 3.77) and found to 

be 0.0681 kJ mol
-1

 for ion-pair complex of Cu, while the values of Gibbs 

free energy (∆Gex) and entropy change (∆Sex) were obtained at different 

temperatures from aforementioned thermodynamic relationships (2-2)- 

(2-6) in chapter two (2.14.4) as shown in table (3.19).                                 

             .
  Figure(3.77): Extraction constant Kex as a function of equilibrium 

temperature for ion pair complex of Cu
2+ 

with(L2) 

 

Table (3.19): Thermodynamic parameters for the extraction of Cu
 

ion-pair complex by CPE 

T°K ∆Hex 

(KJ mol
-1

) 

Gex∆ 

(KJ mol
-1

) 

 

∆Sex 

(J mol
-1

) 

303  

0.0681 

-49.816 164.634 

313 -52.869 169.128 

323 -56.933 176.474 

333 -61.434 184.691 
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       It can be seen from table (3.19) that the enthalpy change (ΔHex) is 

equal to 0.0681KJmol
-1 

indicating that reaction was endothermic, and the 

solubilisation process of (H-L2
+
; HCuCl4

-
) complex is controlled by 

positive value of ∆Hex which reflects efficiency of the extraction process 

of the complex that achieved thermodynamically into the surfactant-rich 

phase. This is explicit that a strong electrostatic association exists 

between Cu(II) anion with cationic reagent beside the contribution of the 

complex itself in driving water molecules out of surfactant phase in 

which more of micelles are aggregated enabling the precise extraction of 

complex especially in extracting of trace amounts. Accordingly, the           

extraction of ion-pair complex is easy and thermodynamically favourable 

and due to the positive value of ∆Hex is achieved resulting in increasing 

the phase-volume ratio thus extraction efficiency.                        .              

      On the basis of equation (2-5) mentioned in chapter two (2.14.4), 

ΔGex was found to be negative in all cases and its value increased 

approximately with temperature (table 3.19), indicating the extraction 

process is a spontaneous phenomenon because the complex transference 

and surfactant phase formation are synchronized processes that occur at     

The same time. Thus, the more negative value of ΔGex made the large 

spontaneous process. Accordingly, the spontaneity of ion pair complex 

extraction is governed by the negative value of ΔGex
(217)

, whilst the 

positive values of ΔSex prove that the solubilized ion-association complex 

molecules are organized in more random fashion during extraction 

process (i.e. entropic in region). Consequently, at optimum temperature     

(60°C), the micelles are quantitatively agglomerated with distinct lose of 

water so that they are accumulated in surfactant-rich phase and the             
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separation of phases occur due to the influence of internal energy of the 

micelles. Our findings were also revealed that from the value of enthalpy, 

the extraction forces of interdependence are electrostatics between copper 

anion and large cation of organic reagent degree of convergence between 

the two and therefore the interaction between the ion and organic reagent 

(L2) is the interaction endothermic reaction. This is obvious where the 

values distribution ratio D increases with increasing temperature, which 

explains the increased correlation susceptibility between copper with L2 

increase with increasing temperature. This also confirms the possibility 

for strong association of organic reagent with ion metal, as well as the       

role of the reagent organic for increasing the coherence and removing the 

water molecules that surround metal ion
(216,219)

. The high values for 

entropy of  extraction ΔSex show that the interaction is entropic in region 

and this enhances predominance balances of jump ion and the impact of 

organic reagent in helping to remove the water molecules from the anion 

and the increasing disorder irregular. It also shows that the effect of 

temperature and organic reagent molecules on the liberalization of the 

largest number of regular water molecules in the consistency of the casing  

metal anion and thereby forming the negative ion free (free ion) to 

increase the chances of contact and tighten the bonding between the 

organic reagent and the metal anion.                              .                            
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Effect of TX-100 Volume 3.10.2.5: 

         It is known that the amount of surfactant used in CPE process for 

the separation for any analyte is a critical factor and its success depends 

on obtaining a maximum extraction efficiency and minimum phase 

volume ratio in order to increase the preconcentation factor. The effect of 

Triton X-100 amount was conducted by taking 10ml solution containing 

3µgml
-1

 Cu(II) , 5x10
-3

 (L2) , 0.3M HCl and  varying volumes of (0.1-1.5) 

ml of 1% Triton X-100 in each case. The solutions were subjected to 

general CPE procedure (2.13). The results are seen in the figure (3.78).      

 

Figure (3.78): Effect volume of Triton X-100 on absorbance 

    

       It is shown that the maximal absorbance was achieved for ion-

association complex extracted when the volume of 1% (w/v) Triton X-

100 at 0.5ml for Cu(II) (figure3.78) and then the absorbance subsequently 

decreased sharply because of the increment in the overall analyte volumes 

and viscosity of surfactant-rich phase, or most probably due to                   
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incomplete dehydration of cloud point layer may occur, thereby the two 

phases cannot be formed  leading to poor sensitivity. On the other hand, 

at volume less than 0.5 ml of 1% Triton X-100 for Cu(II), a decrease in 

absorbance was observed due to insufficient extraction ion pair complex 

that formed
(219) 

.                                                                                        

3.10.4: Stoichiometry Determination of Complex                    

(Slope Analysis Method)                                                                       

       It is reported that the analysis of the dependence log D = f (log CL2) 

permits the determination of the stoichiometry in the extracted complex 

in the table (3-20)
(226)

. Consequently, the slope in the figure (3.79) for log 

D = f (log CL2) coordinates is nearly equal to less than one, indicating the 

ion pair complexes with ratio 1:1 is extracted into the surfactant-rich 

phase. Thus, the most probable composition of the complex extracted of 

copper(II) as anion with organic reagent L2 in the form of : [H-L2]
+
; 

HCuCl4
-
 or [2H-L2]

2+
;CuCl4

2-
.                                                                    

 
 

Table (3.20): Effect of L2 concentration on extractability of Cu(II) 

[L2] Absorbance D Log D 

1×10
-4

 0.052 1.022 0.0095 

5×10
-4

 0.067 1.991 0.299 

1×10
-3

 0.080 4.190 0.622 

5×10
-3

 0.089 9.563 0.981 
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Figure (3-79): Slope analysis method: Log D = f (Log CL2) 

 

3.10.5: Calibration Curve of copper ion using CPE 

 
       The calibration graph is acquired from the optimized conditions like 

the data illustrated in figure (3.80). Calibration curve was obtained by 

preconcentrating of 15ml of standard solutions containing (0.01-3)μg.ml
-1

   

of Cu
2+

 under optimum conditions (concentration of the reagent (L2), 

HCl, time, temperature and Triton X-100). The absorbance of final  

Solution was measured by FAAS. The correlation coefficient of the 

calibration curve equation was 0.9989 which indicates that a good linear 

regression was established between the absorbance and the concentration. 

The extracted solutions were introduced into the flame by conventional 

aspiration. 
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Figure (3.80): Calibration Curve for determination of copper          

ion using CPE-FAAS 

       The characteristics of the method was shown in table (3.21) give the 

calibration parameters for the purposed CPE method including the linear 

range, the relative standard deviation obtained for analyte sample  

subjected to the complete procedure, volume ratio and the limit of 

detection.Also, a calibration graph was obtained without preconcentration 

in order to calculate the enrichment factor. The enrichment factor was 

calculated as the ratio of the slopes of calibration curve with and without 

preconcentration . 
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3.10.6: Validation of Method and Calibration Curve of Copper   

````````Ion  
 

        Under the optimum conditions, performance characteristics were 

obtained by processing standard solutions of Cu
2+

 solution and the data is 

illustrated in table (3.21). Calibration functions were linear at least up to 

(0.01 - 3μg.ml
−1

). The limit of detection (LOD) of a method is the lowest 

analyte concentration that produces a response detectable above the noise 

level of the system, typically, three times the standard deviation of the 

blank (n=8). The limit of quantitation (LOQ) is the lowest level of analyte 

that can be accurately and precisely measured. The limit of quantitation, 

defined as 10 times the standard deviation of the blank (n=8). The limit of 

detection and limit of quantitation (LOQ) were of (0.017238,0.057459) 

μg.ml
-1

,respectively. Comparing this with the traditional method, by 

direct aspiration of sample, the limit of detection and limit of quantitive 

where (0.135211,0.450641) μg.ml
-1

,respectively. The LOD and LOQ by 

using CPE method were 8 times smaller than the traditional. Figures  

(3.71) and (3.79) show these results. Furthermore, for preconcentration of 

15ml of the working standard solutions based on the ratio of calibration 

curves with and without preconcentration
(393)

, an enrichment factor of 

52.574, was obtained for Cu solution figure (3.81). To test the 

reproducibility of the proposed extraction method, the suggested 

procedure was repeated eight times under optimum conditions. The 

relative standard deviation (R.S.D.) without preconcentration for Cu was 

measured for 0.05μg.ml
-1

 to be 1.063%. The consumptive index is defined 

as the sample volume in milliliters consumed to reach a unit of 

enrichment factor (EF)
(113)

: CI = Vs(ml) / EF = 0.285. 
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Table (3.21): Optimum conditions, performance characteristics for Cu-L2 

No. Parameters Value 

1 Cu hallow cathode lamp element (nm) 324.75nm 

2 Sample volume (ml)                                                  15ml 

3 Chelating agent (L2) 5*10
-3

M 1ml 

4 HCl 0.3M 

5 Triton X-100 (1%) 0.5ml 

6 Water bath heating temperature(ºC) 60ºC 

7 Incubation time (min) 15min 

8 Slope Without preconcentration 0.0312 

9 Slope with preconcentration 1.6403 

10 Enrichment factor (Slope of CPE/Slope of Normal) 52.574 

11 preconcentration factor 15 

12 Correlation coefficient (R
2
) 0.9989 

13 Concentration rang μg.ml
-1

 (0.01 - 3) μg.ml
-1

 

14 Limit of detection (3σ/slope) μg.ml
-1

 0.017238 

15 Limit of quantitation (10σ/slope) µg.ml
-1

 0.057459 

16 Consumptive index (CI) 0.285 

17 RSD% (n= 8) at 0.05μgml
-1

 1.063% 
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Figure (3.81): Enrichment factor between CPE method compare 

with normal determination 

      The previous figure shows the comparisons between preconcentration 

by CPE and the traditional measurements, there is a good enrichment of 

signal able to use it for detecting micro quantity of copper in the sample .    

 

3.10.7: Determination of copper ion in different real samples 

     To evaluate the effectiveness of the developed procedure for the 

determination of Cu
2+

ion in real samples including (milk, tobacco, tea and 

two different water samples including river and tap water) were applied 

the results as shown in figure (3.82). Good recoveries (100.380-

103.377%) were achieved for all analyzed samples by adding Cu(II) 

standard solution into the sample solution FAAS which was employed for 

the accuracy check, due to its better sensitivity. The results of this method 

for each type of the selected samples and the analytical recoveries are 

shown in the table (3.22). As it can be seen, the determination of Cu
2+

 ion  

in real samples is noticeably accurate by the purposed method. 
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Figure (3.82): Determination of Cu
2+ 

ion in real samples  

Table (3.22) :  Recovery percentage of the copper ion real samples 

Error   % Recovery % Cu Found Cu Add 

 

Sample 

- - 0.752 0 River water 
a

 

1.278 101.278 1.268 0.5 

- - 0.180 0 Tap Water 
a

 

0.588 100.588 0.684 0.5 

- - 0.301 0 Milk 
b

 

3.377 103.377 1.350 1 

- - 1.630 0 Tea 
b

 

0.380 100.380 2.640 1 

- - 2.110 0 Tobacco 
b

 

0.675 100.675 3.131 1 

- - 
0.880 

0 Soil 
b

  

3.191 103.191 1.940 1 

a: All values are μg.ml
-1

, b: All values are μg.g
-1           
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         The results have shown that the concentration of Cu
2+

 in river and 

tap water was less the maximum permitted concentration (2µg.ml
-1

) in 

water according to WHO
(118,232)

. The maximum limit concentration of 

copper in milk according to WHO and Joint Expert Committee
 
on food 

and Agriculture is 0.01mg/l
(233)

, in the present study was just more than 

from limit but less than the maximum permissible concentration 

(0.4mgkg
-1

) as recommended by (EC,2001)
(234)

. The copper concentration 

in tea was found 1.630µg.g
-1

, the maximal content of Cu
2+

 in tea is 

limited in some regulations. According to the regulations imposed upon 

tea in Japan (100 mg/kg) and the United States (150mg/kg)
(235)

, according 

to the Industrial Standard (NY/T288-2012) of China's Ministry of 

Agriculture (MOA)
(236)

, the Cu
2+

 content was limited to 30 mg/kg. The 

determined levels of Cu
2+

 in the tea sample was below from all the limits. 

Copper level in cigarette tobacco was 2.110µg.g
-1

 below the permissible 

limit by WHO (10 mg/kg)
(228)

. The concentration of copper recorded in 

soil was below the WHO/FAO (2001) permissible limit of 100 mg/kg for 

soils
(230)

, but the copper content in soil above in the literature
(237)

(0.430 

µg.g
-1

) .       
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3.11: Cloud-Point Extraction and Determination of Cobalt ion 

       A new and versatile procedure for the determination of cobalt using 

micelle-mediated extraction is developed. The method which involves the 

formation of an ion association complex between cobalt and reagent (L3) 

in acidic solution and the complex is extracted into the surfactant Triton 

X-100 at optimum conditions. The surfactant-rich phase which contains 

cobalt complex is mediated with solvent and the Co
2+

 content measured  

FAAS at absorption maximum λmax of 240.72 nm. The effect of the 

several variables which impact the CPE efficiency are optimized by one-

factor-at-a-time(OFAT). The developed method was used for the 

determination of cobalt in river water, tap water, tea, milk, tobacco and 

soil samples. 

 

3.11.1: Calibration curve of determination cobalt  ion 

         A calibration curve was previously constructed for each 

experiments in this study in order to determine the quantity of Co(II) ion. 

The absorbance was recorded in the concentration range of (0.1-8)μg.ml
-1 

Co(II) at λmax of 240.72nm by flame atomic absorption 

spectrophotometer (FAAS). The calibration curve was constructed by 

plotting values of absorbance versus concentration as shown in figure    

(3.83) . 
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  Figure (3.83): Calibration curve of cobalt (II) ion 

 

3.11.2: Optimization of CPE Procedure 

      The effects of several experimental parameters which impact the CPE 

efficiency were carried out by classical optimization (one-variable-at-a-

time). In this approach, we observe the effect of one factor at a time 

(OVAT) on an experimental response. While only one factor is changed, 

others are kept at a constant level. Although, the “optimization” 

performed by OVAT
(212) 

does not ensure at all that the real optimum will 

be conformed, but it would be valid only if the variables to be optimized 

would be totally independent from each other (i.e. no interactive effects 

among the variables). Nevertheless, the classical optimization certainly 

leads at least to an improvement of the analytical method. Inasmuch as 

the extraction efficiency of the CPE depends on dual factors, some of 

regarding the prior formation of a complex with sufficient hydrophobicity 

and the other for the formation of micelles to obtain the desired  
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separation and preconcentration. Consequently, the effects of ligand 

concentration, HCl concentration, incubation time, equilibration 

temperature, Triton X-100 volume were selected in this study.  

 

3.11.2.1: Effect of reagent (L3 ) Concentration 

      The variation of absorption signal as a function of reagent 

concentration was investigated for 10 ml solution containing 3µg ml
-1

 

Co(II), 0.5ml of 1% Triton X-100, 0.1M HCl and varying  concentrations 

of (1×10
-4

, 5×10
-4

,1×10
-3

,5×10
-3

,1×10
-2

, 5x10
-2

M) of reagent(L3) followed 

CPE procedure (2.13). The results are presented in the table (3.23), 

figures (3.84) and (3.85). For the determine remainder quantity of Co(II) 

in aqueous solution after extraction by subtraction quantity of Co(II)  

measured in the surfactant-rich phase from original quantity, afterward 

calculate Distribution ratio (D). 

      The results have shown that the analytical response increased with 

increasing in the concentration of L3 reagent and reached maximum up to 

1x10
-3

 M (L3), indicating sufficient for ion-pair complex formation. Thus 

a concentration of 1x10
-3

 M of L3 was selected as optimum. The results  

also revealed that the concentration of 1x10
-3

M of L3 provides a high 

distribution ratio (D) with highly stable ion pair complex formation 

extractable into surfactant (figure 3.84).  Since CPE extraction procedure 

is in thermodynamic behaviour of extracted species
(238,239)

, It might be 

divided  into two steps: the first step is the formation of complex between 

L3 and Co
2+ 

and the second step is the extraction of this complex into the 

cloud point phase. Thus, L3 concentration plays effective role for the 

formation of ion pair complex according to the thermodynamic equilibria.   
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      When the concentration of L3 less than 1x10
-3

M, it is
 
not sufficient to  

reach optimum thermodynamic equilibria for complex formation because 

the rate of dissociation became more than rate of association if the 

concentration of L3 is more than 1x10
-3

M . 

 

 

Figure (3.84): Effect L3 concentration on the absorbance 

 

 

Table (3.23): Effect of L3 concentration on absorbance and distribution 

ratio (D) 

 

[L3] Absorbance D Log D 

1×10
-4

 0.084 1.938 0.287 

5×10
-4

 0.096 3.243 0.511 

1×10
-3

 0.110 8.063 0.906 

5×10
-3

 0.092 2.686 0.429 

1×10
-2

 0.087 2.202 0.343 

5×10
-2

 0.068 1.112 0.046 
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Figure (3.85): Effect of L3 concentration on distribution ratio 

3.11.2.2: Effect of HCl Concentration 

       The separation of Co(II) by CPE method involves the formation of 

ion-association complex between Co(II) and the protonated reagent in the 

presence of HCl, with sufficient hydrophobicity and extracted into 

micelle medium thus obtaining desired enrichment. In this study, 10ml 

solution containing 3µg.ml
-1

 Co(II), reagent (L3) 1x10
-3

 M and 0.5 ml of 

1% Triton X-100 and varying concentration range of (0.05-2) M HCl was 

subjected to general CPE procedure (2.13). The results in figure (3.86) 

show the effect of HCl concentration on the absorbance and extractability 

of ion-association complex into the surfactant-rich phase. The results 

illustrate that the concentration at 0.8M HCl was found to be optimum for 

extraction ability according to CPE method. The absorbance increases 

with increase HCl concentration and reaching maximum at 0.8M HCl, 

referring to an adequate extraction efficiency of [CoCl4
2-

][L3
+
] ion-pair in     
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water - nonionic surfactant  phase system (figure 3.86). At less than.0.8M 

HCl, no thermodynamic equilibria can be reached for extraction of ion  

pair complex in micelle cloud point, thus the probability of complex 

formation might not be achieved of which a decrease in absorbance and 

distribution ratio D values, while at higher than 0.8M HCl, no suitable 

extraction may be occurred due to the deviation of thermodynamic 

equilibria which leads to dissociate the ion-pair complex according to 

mass action low and Le Chatlier principle and hence the absorbance 

suddenly decreases (figure 3.86) giving lower extraction efficiency
(238)

. 

 

 

Figure (3.86): Effect of HCl concentration on absorbance 
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3.11.2.3: Effect incubation time 

        The effect incubation time on extraction is an important parameter in 

CPE process for a complete reaction  to achieve easy phase separation 

and the preconcentration to be as efficient as possible. The effect of time 

on the extraction of Co(II) in the range of (10-45) min was investigated 

by taking10ml aqueous solution containing 3μgml
-1

 Co
2+

, 0.8M HCl, 

1x10
-3

M of (L3), 0.5ml of 1% (w/v) Triton X-100, followed CPE 

procedure (2.13). The results are shown in figure (3.87).   

 

 

Figure (3.87): Effect of time on absorbance 

 
         It was also observed that the incubation time of 20min was 

sufficient for the maximum absorbance of cobalt complex (figure 3.87). 

This optimum time is most valuable time to formation CMC with high 

density and reach a suitable kinetic energy which give a good aggregation 

for surfactant in obtaining a smaller volume and the highest of a cloud 

point layer. Whereas, time of less than 20 min cannot allow to reach     
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maximum kinetic equilibrium for  for aggregation micelles to form CMC 

and decline extraction efficiency. But at time of heating of more than 20 

min, effect of increasing the diffusion of micelles in aqueous solution by 

increasing the kinetic energy is more than needed. Thus a decrease in 

density and increase in volume of cloud point layer occur resulting in  

minimizing extraction efficiency also
(239)

 . 

 

3.11.2.4: Effect of Equilibrium Temperature 

        To ensure phase separation and preconcentration of an analyte 

efficiently, optimal equilibration temperature is very crucial parameter for 

complete reaction which reflect certainly the magnitude of 

preconcentration factor of an analyte. The effect of the equilibrium 

temperature was examined by taking 10ml aqueous phase containing of 

3μg.ml
-1

 Co(II) and keeping other factors at optimum conditions.  The 

temperature was varied from 30
  
to 90°C at 20 min in a search of optimum 

value. It was shown that the highest absorbance signal was obtained when 

the temperature at 60ºC achieving quantitative extraction (figure 3.88). 

Certainly, high temperatures are not suitable for the CPE procedure 

because these could cause problems of the stability of complex due to 

thermal decomposition of ion-association complex. In this study, 60°C 

was chosen as the optimized incubation temperature for all experiments. 
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Figure (3.88): Effect of temperature on absorbance 

 

3.11.3 : Thermodynamic Study 

      The equilibrium extraction constants (Kex) and thermodynamic 

parameters for the extraction of [L3
+
 ; CoCl4

2- 
] complex during the cloud 

point extraction using Triton X-100 as a mediated extracting agent at 

temperature were determined 60
º
C. The equilibrium constants (Kex) at the 

selected temperature were calculated from the equation mentioned in 

(2.14.4) in chapter two and the results are shown in figure (3.89). These 

thermodynamic equilibrium constants (Kex) actually represent all 

equilibrium constants that affect the separation process such as 

aggregation micelles constant with increasing temperature, complex 

transference constant from aqueous phase to surfactant rich-phase, 

association constant of the complex and distribution constant of the 

surface between aqueous phase and surfactant (micelles) phase. The 

results are summarized in table (3.24) to (3.26). The value of enthalpy 
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change (∆Hex) was obtained from the plot of log Kex versus 1/T (figure 

3.89) and found to be 0.099 kJ mol
-1

 while the values of Gibb's free 

energy (∆Gex) and entropy change (∆Sex) were obtained at different 

temperatures from thermodynamic relationships. Thermodynamic 

parameters were also calculated from the relationships mentioned in 

(2.14.4). 

Table (3.24): Variation of temperature  for the extraction cadmium by L3 

on distribution ratio D 

T / °C T / °K Absorbance D 

30 303 0.093 2.861 

40 313 0.104 5.036 

50 323 0.111 9.417 

60 333 0.117 19.408 

70 343 0.109 7.721 

80 353 0.092 2.722 

90 363 0.083 1.863 

 

 

Table (3.25): Variation of equilibrium constant with temperature during 

CPE for extraction Co(II) with (L3) 

T°C 30 40 50 60 

T°K 303 313 323 333 

1/ T *10
-3

 3.300 3.195 3.096 3.003 

D 2.861 5.036 9.417 19.408 

Kex * 10
8
 2.170 5.972 19.269 77.819 

Log Kex * 10
8
 8.336 8.776 9.285 9.891 
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   Figure (3.89): Effect of the equilibration extraction temperature 

on ion pair complex formation by CPE 

 

 

         It can be seen from table (3.26) that the enthalpy change (ΔHex) is 

equal to 0.099 KJ mol
-1

 indicating a high efficiency of the extraction  

process of complex was achieved thermodynamically into the surfactant-

rich phase. This is because (1) a strong electrostatic association exists 

between CoCl4
2-

.anion with the reagent cation L3
+
 and (2) contribution of 

the complex in driving water molecules out of surfactant phase in which 

more of micelles are aggregated enabling the precise extraction of  

complex especially in extracting of trace amounts. As for ΔGex is negative 

in all cases, indicating the extraction process is a spontaneous 

phenomenon because the complex transference and surfactant phase 

formation are synchronized processes that occur at the same time. Thus, 

the more negative value of ΔGex, the large spontaneous process. The 

positive values of ΔSex prove that the solubilized ion-association complex 

molecules are organized in more random fashion during extraction  
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process (i.e. entropic in region). Therefore, the extraction process is 

endothermic in nature, which is also verified from the positive value of 

ΔHex (table 3.26). 

 
Table (3.26): Thermodynamic parameters for the extraction of Co

 
ion - 

pair complex by CPE 

 

T°K ∆Hex 

(KJ mol
-1

) 

Gex∆ 

(KJ mol
-1

) 

 

∆Sex 

(J mol
-1

) 

303  

0.099 

 

-48.359 159.927 

313 -52.589 168.332 

323 -57.415 178.062 

333 -63.058 189.661 

 

          The result (table 3.26) appear extraction method of Co
2+ 

ion 

according to CPE methodology was endothermic and the law value of 

ΔHex reflect the high approach of ions in ion pair association complex  

extracted and high negative value  of ΔGex illustrate the spontaneously of 

extraction method as well as high the positive value of ΔSex mean the 

extraction method depend on the change from systematic to unsystematic 

by dehydration and destroy the hydration shell of ions as well as change  

in the hydrogen bonds lattice and called this method is (entropic 

region)
(238) 

.  
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3.11.2.5 : Effect of TX-100 Volume 

       A successful cloud point extraction procedure should maximize the 

extraction efficiency by minimizing the phase volume ratio, which 

improves its enrichment ability. The effect of the surfactant amount on 

CPE of 10 ml containing 3µg.ml
-1

 Co(II) with 1x10
-3

 M L3 at 0.8 M HCl 

in the presence of 1% Triton X-100 varying from (0.1-1.5) ml followed 

the general CPE procedure (2.13) has been optimized in order to obtain   

maximum extraction efficiency via minimizing the phase volume ratio. 

The results are shown in figure (3.90) .  

 

 

Figure (3.90): Effect of Triton X-100 amount on absorbance 

           

         Thermodynamic equilibrium for extraction and preconcentration for 

any analye needs a significant amount of surfactant in order to form cloud 

point phase layer with higher viscous and smaller volume available for   
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the extraction of a major quantity of ion pair complex by giving higher 

absorbance and D value. Figure (3.88) reflects the impact of Triton X-100 

amount on the preconcentration of Co(II). It was shown that the 

absorbance signal increases dramatically and reaches the maximum at 0.9 

ml of 1% Triton X-100 and decreases suddenly. At a low amount of 

surfactant, the absorbance for ion pair complex are low, perhaps due to 

the insufficiency of assemblies formation entrapping the complex 

quantitatively. Whilst at a higher amount of surfactant, the extraction 

efficiency is low, probably due to the increase in surfactant-rich phase 

volume at which the analyte become more diluted (i.e. not good 

aggregation by effect of diffusion in aqueous phase) or according to 

thermodynamic behaviour of Triton X-100 which cannot  allow to form 

smaller volume and higher viscous layer resulting in lowest extraction. 

Consequently, optimum volume of 1% (w/v) Triton X-100 at 0.9 ml was 

gave a high sensitivity and  the highest extraction efficiency for the ion-

pair complex.  

 

3.11.4: Stoichiometric Determination of Complex 

             (Slope Analysis Method) 

      The stoichiometric determination for the reaction of CoCl4
2-

anion 

with L3
+
organic reagent forming an ion-association complex was obtained 

according to the procedure mentioned in (2.16) by the dependence of log 

D = f (log CL3). The results are previously presented in table (3.23) and 

shown in figure (3.91) . 
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Figure (3-91): Slope analysis method: log D = f (logCL3) 

 

       The results revealed that  the slope of the figure (3.91) in log D = f 

(log CL3) coordinates is equal to 0.566, indicating the ion pair complex 

with Co: L3 ratio of 1:1 is extracted into the surfactant-rich phase. 

 

3.11.5: Calibration Curve of cobalt ion using CPE 
 

        The calibration graph is acquired from the optimized condition like 

the data illustrated in figure (3.92). Calibration curve was obtained by 

preconcentrating of 15ml of standard solutions containing (0.025-3 μg. 

ml
-1

) under the optimum conditions (concentration of the reagent (L3), 

HCl, incubation time, temperature and Triton X-100). The absorbance of 

final solution was measured by FAAS. The correlation coefficient of the 

calibration curve equation was 0.9966 which indicates that a good linear 

regressionwas established between the absorbance and the concentrations. 

The extracted solutions were introduced into the flame by conventional 

aspiration. 
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Figure (3.92): Calibration Curve for determination of cobalt 

ion using CPE-FAAS 

 

3.11.6: Validation of Method and Calibration Curve Of Cobalt 

Ion                                                                               
                               

        After completing all the optimization conditions to obtain a high 

sensitivity for the determination of Co
2+

, the linear calibration curve was 

obtained by plotting the absorbance signal against the concentration of 

Co
2+

 in figure (3-92) and the data is illustrated in table (3.27). The 

linearity of calibration graph concentration range (0.025 - 3μg.ml
−1

). The 

limit of detection (LOD) of a method is the lowest analyte concentration 

that produces a response detectable above the noise level of the system , 

typically , three times the standard deviation of the blank (n=8). The limit 

of quantitation (LOQ) is the lowest level of analyte that can be accurately 

and precisely measured. The limit of quantitation, defined as 10 times the 

standard deviation of the blank (n=8). The limit of detection and limit of 

quantitation (LOQ) were of (0.011534, 0.038446)μg.ml
-1

 respectively,  
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depending on the standard deviation of the response and the slope of the 

calibration curve using the following equation: (LOD=3σB/s), 

(LOQ=10σB/s), where σB is the standard deviation of the blank 

calibration plot and (s) is its slope. Comparing this with the traditional 

method, by direct aspiration of sample, the limit of detection and the limit 

of quantitive where (0.093603,0.312010) μg.ml
-1

. The LOD and LOQ by 

using CPE method were 8 times smaller than the traditional. Figures     

(3-83) and (3-92) show these results. Furthermore, for preconcentration of 

15ml of the working standard solutions based on the slope ratio of 

calibration curves with and without preconcentration
(216)

, an enrichment 

factor of 54.078, was obtained for Co solution figure (3.93). To test the 

reproducibility of the proposed extraction method, the suggested 

procedure was repeated eight times under optimum conditions. The 

relative standard deviation (R.S.D.) was measured for 0.05μg.ml
-1

 to be  

0.823%. The consumptive index is defined as the sample volume in 

milliliters consumed to reach a unit of enrichment factor (EF)
(132)

: CI = 

Vs(ml) / EF = 0.277. 

 

 

 

 

 

 

 

 

 



Chapter three                                 Results and Discussion  

 
  

 
 
 
 

175 

 

Table (3.27): Optimum conditions, performance characteristics for 

Co-L3 

No. Parameters Value 

1 Co hallow cathode lamp element (nm) 240.72nm 

2 Sample volume (ml) 15ml 

3 Chelating agent (L3) 1*10
-3

M 1ml 

4 HCl 0.8M 

5 Incubation time (min) 20min 

6 Water bath heating temperature(ºC) 60ºC 

7 Triton X-100 (1%) 0.9ml 

8 Slope with preconcentration 2.0712 

9 Slope without preconcentration 0.0383 

10 Enrichment factor(Slope of CPE/Slope of Normal) 54.078 

11 preconcentration factor 15 

12 Consumptive index (CI) 0.277 

13 Correlation coefficient (R
2
) 0.9966 

14 Concentration rang μg.ml
-1

 (0.025-3) μg.ml
-1

 

15 Limit of detection (3σB/slope) μgml
-1

 0.011534 

16 Limit of quantitation (10σ/slope)µg mL
-1

 0.038446 

17 RSD% (n= 8) at 0.05μgml
-1

 0.823% 
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Figure (3.93): Enrichment factor between CPE method 

compare with normal determination 

 

 

3.11.7: Determination of cobalt ion in real samples 

      To evaluate the effectiveness of the developed procedure for the 

determination of Co
2+

 ion in real samples including (milk, tobacco, tea 

and two different water samples including river and tap water) were 

applied the results as shown in figure (3.94). Good recoveries (101.108 - 

104.918%) were achieved for all analyzed samples by adding Co(II) 

standard solution into the sample solution.  FAAS was employed for the 

accuracy check, due to its better sensitivity. The results of this method for 

each type of the selected samples and the analytical recoveries are shown 

in the table (3.28). As it can be seen, the determination of Co
2+

 ion  in real 

samples is noticeably accurate by the purposed method. 
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Figure (3.94): Determination of Co
2+

 ion in real samples 

Table (3.28) :  Recovery percentage of the cobalt ion real samples 

Error   % Recovery % Co Found Co Add 

 

Sample 

- - 0.842 0 River water 
a

 

4.918 104.918 1.408 0.5 

- - 0.340 0 Tap Water 
a

 

2.500 102.500 0.861 0.5 

- - 0.147 0 Milk 
b

 

1.395 101. 395 1.163 1 

- - 1.332 0 Tea 
b

 

3.388 103.388 2.411 1 

- - 1.235 0 Tobacco 
b

 

1.145 101.145 2.328 1 

- - 
0.715 

0 Soil 
b

 

1.108 101.108 1.734 1 

a: All values are μg.ml
-1

, b: All values are μg.g
-1
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        The results have shown that the concentration of Co
2+ 

in river and 

tap water was above the limit permitted concentration by WHO (0.01µg 

ml
-1

) in drinking water
(240)

. There are limited reports on the concentration 

of cobalt in milk sample. According to a report of milk composition and 

synthesis resource library, the concentration of cobalt is 0.6 ppm
(241)

 . The 

concentration obtained in the present study is very less compared to the 

reported value.     

        The cobalt concentration in tea was found 1.332µg.g
-1

, the 

determined level of Co
2+

 in the tea sample was below the limit (1.5 mg. 

kg
-1)(242)

.
 
 Levels of cobalt in tobacco range from <0.3 to 2.3 μg/g dry 

weight, and approximately 0.5% of this cobalt is present in mainstream 

smoke cobalt. In the present study was (1.235µg.g
-1

). The concentration 

of cobalt in soil may be several hundred milligrams per kilogram
(243)

 in 

the present study was below the WHO
 
. 
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          At the end of this thesis the points below can be concluded: 

Compounds azo - azomethine can be prepared from azo compounds 

and different schiff bases.  

 Azo - azomethine compounds were able to form complexes under 

optimal conditions with some metal ions as an octahedral configuration 

and with ratio 1:1 and high values of stability constant indicated to high 

stability for the complexes .  

Reagents were synthesised in this study have been proved to be an 

important class of reagents in analytical chemistry as organic complexing 

agents because of their structure features beside, their capacity to form 

mostly neutral and hydrophobic complexes with vast majority of metals.    

 The cloud point extraction CPE methodology is based on a group of 

optimal conditions that should be controlled to obtain the best extraction 

beside some additional factors that would change the efficiency of the 

extraction process. 

5. The cloud point extraction CPE methodology uses a charged positive  

organic reagents like  L1 , L2 and L3 to form complexes with metals under 

study in order to  extract and preconcentrate  these complexes in the 

cloud point layer CP as an ion pair association complex . 

6. The study shows that the acid concentration play is an important role in 

complexes formation and extraction within the cloud point layer CP was 
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[HCl] as 0. 5 M for Cd (II) with L1, 0.3 M for Cu (II)  with L2 and 0.8M 

for Co
2+

  with L3  .  

7. Beside the temperature, the heating of the solution time is an  

important factor in determining the amount of accept heat by the solution 

to a process of agglomeration cloud point layer CP, and that the time to 

achieve the reasonable duration of a process of dehydration  and layer CP 

conglomerate . 

8. In this present study found that the newly synthesized ligands used for 

complexation as ion-pair association with metal of interest prior their 

extraction and determination by combined  CPE / FAAS  resulting in an 

increase the sensitivity , limit of detection , selectivity and enrichment 

factors thereby enhanced the popularity of  FAAS spectrometry beside 

the solvent –free extraction of metals from complex matrices . 

9. The results of thermodynamic study were highlighted on the behaviour 

of phase separation of the hydrophobic  ion-pair complexes between 

micelles and aqueous solution. It was shown that the reaction and 

extraction processes are endothermic in nature which are governed  by 

the value of ΔH . Whilst the negative ΔG value dictates that the 

solubilisations of the complexes studied are spontaneous phenomena and 

the positive value of ΔS proved that complexes molecules are organized 

on the mantle of hydrophobic chains a more random fashion .          

10.  The study of the stoichiometry for ion association complexes using 

the slope analysis technique showed that the ion association complex was 

1:1 for all extracted complexes.                                                                       



 
 
 
 
 
 
 
 
 
 

181 

11. A success of extraction of Cd(II), Cu(II) and Co(II) by using               

organic reagents like L1, L2 and L3 according to CPE methodology             

prove the possibility of the use of this technique in the                     

estimation of the elements under study in environmental samples the         

results gave different high accuracy in appreciation for these elements.   

12. Good recoveries (100.165-103.383%), (100.380-103.377%) and    

(101.108 - 104.912%) for Cd
2+

, Cu
2+

 and Co
2+

, respectively are achieved 

for all analyzed samples by adding standard solutions into the sample 

solution.  FAAS was employed for the accuracy check, due to its better 

sensitivity.                                    

 

 

 



 
 
 
 

Recommendations   
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1. The possibility of the use of the cloud point extraction technique to 

enrich the process of trace elements in environmental and life matrix 

in preparation for the appreciation according to the latest assessment 

techniques spectral estimation methods or other mechanism . 

2. Using  other nonionic surfactants such as Triton X-114, Tween 80 and 

OFX 0309 . These can also use industrial organic dyes as a reagents . 

3. Simultaneous extraction and preconcentration for multi-elements in 

single sample experimental procedure of CPE is very important to 

shorten the analysis time and obtain much accurate results . 

4. Expanded CPE methodology to metal speciation will present 

substantial development in contemporary analytical chemistry and 

open the vast ways toward easy, simple and inexpensive routine 

analysis instead of using expensive instrumentation in this field . 

5. The continuing of preparation of new complexing agents and their 

exploiting in CPE will impart this method other substantial advantages 

especially in analytical figures of merit and simultaneous extraction of 

analytes . 

6. Extraction and preconcentration of in organic cation metals by CPE is 

also a vital theme in the future which will facilitate  the determination 

of these species in  others environmental samples with little efforts .  
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7. Design of CPE procedures in extraction and preconcentration of the 

drug will drive this method toward the determination of medicaments 

at trace concentration levels in wastewater in which enabling to 

remove these pollutants from water. 
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ٛبء ًبً فٙ انكًٛ، يٕػٕػبً ي5321ًٓخ يُزُ َشأرٓب ػبو ٛانغمطخ ُالاسزخلاص ث ٛخْ رشَكم رمُ          

انؼُٛبد  د انؼؼِٕٚخ يٍ يُبشئانزؾهٛهٛخ كزذثٛش ٔاػذ نفِظم ٔإغُْبء الإَٔٚبد انفهضٚخ ٔانًشكجب

انؾذٚضخ ب ثٍٛ ؽشائك انفظِم جٛشاً يػهٗ يُسزٕٖ ػبلٍ ، يٕلؼبً ثبسصا كَ اٌٜ  ذأد رؾزمانًؼمذّح ، إرْ ث

لزٓب ٔكهفزٓب انٕاؽئخ فؼلاً ػٍ آَب دفٙ انجؾش انؼهًٙ ٔانزطجٛمٙ ، ثسجت ثسَبؽزِٓب ٔسشػزٓب ٔ

 يٍ انزذاثٛش انزؾهٛهٛخ انظذٚمخِ نهجِٛئخ. رؼذ

 4 ئٛسخس صلَاسْ فظٕل رشًم انذساسخ انؾبنٛخ

ٔيؼمذارٓب ٔػشع رمُٛبد اصٔيٛضٍٛ  -يمذيخ ػٍ يشكجبد الاصٔٚزؼًٍ  الفصل الاول

ًكُخ نٔانًجبدئ ٔالأفكبس الاسزخلاص انًخزهفخ  ًُ طشٚمخ الاسزخلاص ثُمطخ الأسبسٛخ ٔانزطجٛمبدْ ان

لَ انزطٕساد انؾَذٚضخ نٓزِ ًم ػهٗ يشاعز. كًب ٚشٙ انكًٛٛبء انزؾهٛهٛخ انغًٛخ ف ْٕ ؼخ يٕعضح ؽَ

  CPE .  انكٕثهذ ثٕاسطخش انكبديٕٛو ٔانُؾبط ٔانطشٚمخ ٔرطجٛمبرٓب فٙ رمذٚش انؼُبطِ 

نلأعٓضح انزؾهٛهٛخ ٔانؼبيخ ٔانًٕاد انكًٛٛبئٛخ انًسزخذيخ  شبيم اسزؼشاعٚزؼًٍ   الفصل الثاني

 ( (L1-L4اصٔيٛضٍٛ-نًشكجبد الاصٔ ٚخؾؼٛشاد انزسبسانًكًب رى ٔطف . زِ انذساسخ انؾبنٛخفٙ ْ

ٚذ انطٕل ذٔانكٕاشف ، رؾ ٔالاخزجبساد الأنٛخ نزكٍٕٚ انًؼمذ ثٍٛ إَٚبد انفهضاد ٔخظبئظّ

رأصٛش  رؾذٚذ انظشٔف انزغشٚجٛخ انًضهٗ ) رأصٛش ؽغى انكبشف ،. فؼلا ػٍ λmax انًٕعٙ الاػظى

 ؾذٚذ دسعخ انزفكك ٔصبثذ الاسزمشاسٔر pH)  رأصٛش صيٍ انزفبػم ، رأصٛش دسعخ انؾشاسح ،

رى  يؼمذادانٗ  ثبلإػبفخ. ؽشٚمخ عٕة(انًسزًش) طشٚمخ انزغٛشثبد انؼُظش٘ نهًؼمذ ٔالارؾ

ٔ  CdCl2.H2O ايلاػيغ  CoCl2.6H2OٔCuCl2.2H2O  ٔL4 يغ ايلاػ  L2رؾؼٛشْب 

CrCl3.6H2O.  فؼلا ػٍ رفبطٛم كبيهخ نهزذاثٛش انزؾهٛهٛخ نطشٚمخ الاسزخلاص ثُمطخ انغًٛخ

، HCl ، رشكٛض ؽبيغ  ) رأصٛش رشكٛض انكبشفانًخططخ نزمذٚش انؼُبطش انًخزبسح ثًب فٙ رنك 

ٔكزنك  انزشٚزٌٕ ٛخ ٔكًٛخشاسح انزٕاصٌ ٔانذساسخ انضشيٕدًُٚانزسخٍٛ( ، دسعخ ؽانؾؼٍ ) صيٍ

، رى  ( دساسخ الارؾبد انؼُظش٘ نًؼمذ انزشاثؾ الإَٚٙ انًسزخهض ثبسزخذاو رمُٛخ رؾهٛم انًٛم

رشكٛض إَٚبد انكبديٕٛو ٔانُؾبط ٔانكٕثهذ فٙ ػُٛبد ؽمٛمٛخ  انؾبنٛخ نزؾذٚذ CPEرطجٛك ؽشٚمخ 

               ثٕاسطخ عٓبص الايزظبص انزس٘ انهٓجٙ.
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اصٔيٛضٍٛ ٔيؼمذارٓب ثزمُٛبد رؾهٛهٛخ يزُٕػخ يضم  -رؼًٍ رشخٛض يشكجبد الاصٔ الفصل الثالث

انشٍَٛ انُٕٔ٘ انًغُبؽٛسٙ، ، ُفسغٛخ ، ؽٛف الاشؼخ رؾذ انؾًشاءؽٛف الاشؼخ انًشئٛخ ٔفٕق انج

ٔكبٌ ٔكبَذ انُزبئظ يطبثمخ نًب ْٕ يزٕلغ ػًهٛب ؽٛف انكزهخ ٔانزٕطٛهٛخ انًٕلاسٚخ نهًؼمذاد 

  .1:1ثُسجخالارؾبد انؼُظش٘ نهًؼمذ ٔ انشكم انفشاغٙ ْٕ صًبَٙ انسطٕػ

ِِ انذساسخ ٔانز٘ ٚزَُبٔل انُزبئظ ٔانًُبلشخ  ٚهُمٙ انؼٕء ػهٗ انغضء انفظم انضبنش اٚؼب ٓىْ نِٓز ًُ ان

َمطخ انغًٛخ كزمُٛخ  اسزخلاص ثبسزخذاو نهفهضاد فٙ انزطجٛمبد انزؾهٛهٛخ فٙ انفظم ٔالإغُبء

ٕاد انسطْؾٛخ ثذٚلاً ػٍ انًزٚجبد انؼؼٕٚخ نفظمرسُْزخذِ  اسزخلاص ًَ  س.انطٕ و ان

( ثؼذ انزؾؼٛش L1اسزخذو انكبشف انزؾهٛهٙ )فٙ انغضء الأل يٍ اسزخلاص َمطخ انغًٛخ 

نؼًهٛبد ٔانزشخٛض ثزمُٛبد رؾهٛهٛخ يزُٕػخ كخطٕح أنٛخ رغبِ اسزخذايّ ككبشف ػؼٕ٘ 

       ْٛئخ إٌٚ سبنتػهٗ  يغ انكبديٕٛو )كبسِ نهًبء(يؼمذ رشاثؾ إَٚٙ نزكٍٕٚ الاسزخلاص 

CdCl4
-2 

نفظم ٔاغُبء  انسطؾٛخ فٙ انًؾهٕليلائى نهزفبػم يغ انًبدح فٙ انٕسؾ انؾبيؼٙ 

يٍ انطٕس انغُٙ نٛزى اسزخلاطّ فٙ انؾغى انظغٛش انكبديٕٛو ثزمُٛخ اسزخلاص َمطخ انغًٛخ 

CdCl4 ػهٗ ْٛئخ ثبنسطؼ
2-

ساسخ رذثٛشٍٚ رؾهٛهٍٛٛ نلاسزخلاص ٔد ىًٛ، رى رظنزنك  ٔفمبً ٔ،  

CdCl4ػهٗ ْٛئخ  نزمذٚش انكبديٕٛوثُمطخ انغًٛخ 
2-

 زْٔة ٔفظمآنٛخ انزً نفِٓىْ  ؽٛفٛبً عُجبً نغُِت 

ثُمطخ  الاسزخلاصخ الإَٔاع فٙ يُظٕي ٓزِخ انشبيهخ نِ ٛانذّساسبد انضشيٕدًُِٚ خلال الأؽٕاس يٍ

يٍ خلال  انكبديٕٛوهٗ نزؾهٛم ًضانٗ انظشٔف ان نهٕطٕل فخهخزيُ رغشٚجٛخ عشٚذ رؾشٚبد أُ انغًٛخ. 

 ٕايم رزبثؼٛبً ؼان ثبسزؼًبل انؼُظشا نٓز الاسزخلاصصشح ػهٗ كفبءح ؤِ ًُ دساسخ رأصٛش انؼٕايم ان

(OFAT)سعخ ؽشاسح ٔد صيٍ انزسخٍٛٔؽبيغ انٓٛذسٔكهٕسٚك  انكبشف ٔرشكٛضرشكٛض ، كزأصٛش

نذْ انذساسخ ثانسطؾٛخ ، ٔكًٛخ انًبدح َمطخ انغًٛخ  َٔ  انًؼهًبد اسزخشاطاٚؼبً ػهٗ ٔاسغ  شكمٍ رُب

زْٔة نٓزِ انًؼمذاد فٙ انً الاسزخلاصػًهٛبد  نهًسبػذح فٙ رفسٛش انضشِيٕدًُٚٛخ ًَ      زٚلادٔانز

ًمذاس غُبء ثإم هٗ أيكٍ انؾظٕل ػهٗ ػبيِ ًضشٔف انٔثزطجٛك انظُ  س انًبدح انسطؾٛخ(ؽٕ)

( يٛكشٔغشاو يم(0.01-1.3كبٌ  ٙ نهكبديٕٛوأيب انًذٖ انخطً  ،L1نهكبديٕٛو يغ  51.259
-5

ٔؽذْ  

( يٛكشٔغشاو يم0.012464كشفْ ثًمذاس)
-5

أسبط يكٍ رؾمٛك دلخ يؾسٕثخ ػهٗ أكًب  ، 

غشاو يميٛكشٔ 0.05زكشسح ػُذ رشكٛضلٛبسبد يُ  ضًبٌانمٛبسٙ انًئٕ٘ ن الاَؾشاف
-5

يمذاسْب  

ؽمٛمٛخ يخزهفخ يضم يبء  نزمذٚش رشكٛض انكبديٕٛو فٙ ًَبرط، ؽجمذ انطشٚمخ انًمزشؽخ  %(1.308)

رى رؾذٚذ انذلخ يٍ خلال َست الاسزخلاص  .َٓش ٔيبء ؽُفٛخ ٔانؾهٛت ٔانشب٘ ٔانزجغ ٔانزشثخ 

L1%( نهكبديٕٛو يغ  511.121-511.501نهًُبرط انؾمٛمٛخ ؽٛش ٔعذد َست عٛذح )
 
. 
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انزؾؼٛش ( ثؼذ L2اسزخذو انكبشف انزؾهٛهٙ )فٙ انغضء انضبَٙ يٍ اسزخلاص َمطخ انغًٛخ 

ٔانزشخٛض كخطٕح أنٛخ رغبِ اسزخذايّ ككبشف ػؼٕ٘ نزكٍٕٚ يؼمذ رشاثؾ إَٚٙ )كبسِ نهًبء( 

رؾذ انظشٔف انًضبنٛخ. فٙ انٕسؾ انؾبيؼٙ يلائى نهزفبػم يغ يبدح انشذ انسطؾٙ  ُؾبطيغ ان

ط رى لٛبيؼمذ انُؾبط ثًزٚت ٔػهٗ انز٘ ٚؾزٕ٘  نهًبدح انسطؾٛخ طٕس انغُٙثؼذْب عشد اراثخ ان

عٓبس الايزظبص انزس٘ انهٓجٙ . رأصٛشاد يزُٕػخ رؤصش ػهٗ كفبءح  انُؾبط ثٕاسطخ  يؾزٕٖ

 ب،رزبثؼٛ (OFAT) رذثٛش الأيضهٛخ انكلاسٛكٙ ثبسزؼًبلظش انؼُا نٓزثُمطخ انغًٛخ الاسزخلاص 

اشزًم انٓذف كزنك . أػلاِنكبديٕٛو زغٛشاد أخشٖ يًٓخ كبنزٙ ركشد فٙ ؽشٚمخ اثً ٔأسُدفذ

. كبٌ ػبيم زٚلادفٙ انً ُؾبطػهٗ انذساسخ انضشْيٕدًُِٚٛخ ثغَٛخ انزٕسغ نفِٓى آنٛخ انزًزْٔة نه

، ايب انًذٖ انخطٙ L2كبٌ ُٚغض نهُؾبط يغ انكبشف  52.574هٗ ًْٕضالإغُبء رؾذ انظشٔف ان

يميٛكشٔغشاو  (3-0.01) نًُؾُٙ انًؼبٚشح نهُؾبط فمذ كبٌ
-5

انؾظٕل ػهٗ ؽذ انز٘ ادٖ ػهٗ  

ميٛكشٔغشاو ي 0.017238كشف
-5

 أسبط الاَؾشافيكٍ رؾمٛك دلخ يؾسٕثخ ػهٗ أكًب  ،

غشاو يميٛكشٔ 0.05زكشسح ػُذ رشكٛضٛبسبد يُ لِ  ضًبٌانمٛبسٙ انًئٕ٘ ن
-5

،  %(1.063)يمذاسْب  

رى رؾذٚذ انذلخ يٍ ؽجمذ انطشٚمخ انًمزشؽخ نزمذٚش رشكٛض انُؾبط فٙ ًَبرط  ؽمٛمٛخ يخزهفخ . 

%(  511.111-511.121خلال َست الاسزخلاص نهًُبرط انؾمٛمٛخ ؽٛش ٔعذد َست عٛذح )

L2نهُؾبط يغ 
 

.
 

( ثؼذ انزؾؼٛش L3فٙ انغضء انضبنش يٍ اسزخلاص َمطخ انغًٛخ اسزخذو انكبشف انزؾهٛهٙ )

 يغ انكٕثهذ ٔانزشخٛض كخطٕح أنٛخ رغبِ اسزخذايّ ككبشف ػؼٕ٘ نزكٍٕٚ يؼمذ رشاثؾ إَٚٙ

ٚسزؼًم نزكٍٕٚ يؼمذ  ( (L3انكبشف  فٙ ٔسؾ ؽبيؼٙ نٛزفبػم يغ انًبدح انسطؾٛخ فٙ انًؾهٕل. 

رؾذ انظشٔف انًضهٗ نزؾذٚذ  (Triton X-100)ٔاسزخلاطّ ثبنًبدح انسطؾٛخ انزشاثؾ الإَٚٙ 

انكٕثهذ ػهٗ ْٛئخ
-

 CoCL4
2 

انطٕس انغُٙ  رغشٖ اراثخ ْب. ثؼذثبسزؼًبل اسزخلاص َمطخ انغًٛخ 

رى ٔ ؽبيغ انُزشٚك فٙ انًٛضبَٕل يٍ يٕلاس٘ 5 ثًزٚتانز٘ ٚؾزٕ٘ ػهٗ يؼمذ نهًبدح انسطؾٛخ 

رى دساسخ كبفخ انظشٔف انًضهٗ نؼًهٛبد . ش انكٕثهذ ثٕاسطخ عٓبص الايزظبص انزس٘ انهٓجٙٚمذر

ػهٗ 54.078 15ٔ  ، نمذ ٔعذ اٌ ػبيم الاغُبء ٔانزشكٛض انًسجكرفبػم انزؼمٛذ ٔالاسزخلاص 

ميٛكشٔغشاو ي (3-0.025) ، ايب انًذٖ انخطٙ نًُؾُٙ انًؼبٚشح نهُؾبط فمذ كبٌ انزٕانٙ
-5

انز٘  

ميٛكشٔغشاو ي 0.011534 ادٖ ػهٗ انؾظٕل ػهٗ ؽذ كشف
-5

يكٍ رؾمٛك دلخ يؾسٕثخ أكًب  ،

غشاو يميٛكشٔ 0.05زكشسح ػُذ رشكٛضٛبسبد يُ لِ  ضًبٌانمٛبسٙ انًئٕ٘ ن أسبط الاَؾشافػهٗ 
-5

 

 .ؽمٛمٛخ يخزهفخخ نزمذٚش رشكٛض انُؾبط فٙ ًَبرط ، ؽجمذ انطشٚمخ انًمزشؽ %(0.832)يمذاسْب 
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-515.512رى رؾذٚذ انذلخ يٍ خلال َست الاسزخلاص نهًُبرط انؾمٛمٛخ ؽٛش ٔعذد َست عٛذح )

L3%( نهكٕثهذ يغ  519.352
 

.
 

أظٓشد دساسخ الارؾبد انؼُظش٘ نكم يؼمذاد انزشاثؾ الإَٚٙ ثبسزخذاو ؽشٚمخ رؾهٛم انًٛم 

 نكم انًؼمذاد انًسزخهظخ .  545كبَذ ثُسجخ 
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