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Abstract

2- [(4- Carboxy methylphenyl) azo ] -4,5- diphenyl imidazole (4 — CMePADPI) used as
sensetive and selective ligand for extraction cobalt (II) ions from aqueous solutions and this
application shows the optimum conditions for good extractio was (pHex = 11) which was giving
higher distribution ratio (D) and need  (10minutes) for shaking the two layers to reach good
extraction as well as the optimum concentration of Co *?ions in aqueous phase was (50ug)(
1.69x10 * M) to give higher Distribution ratio (D) . Stoichiometric study shows the structure of
ion pair complex extraction for Co*? ions with (4CMePADPI) ligand was 1:1 (metal :ligand )
[Co(4 — CMePADPI) ** SO4? from other hand organic solvent shows there is not any Linear
relation between dielectric constant (E) of orgonic solvent and distribution ratio (D) of extraction
,but there is an effect for the structure of organic solvent .At later the thermodynamic study
demonstrate the complexation reaction betweenCo*?ions and ligand(4 —CMePADPI) was
exothermic .
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1.Introduction :

Sensitivity and selectivity behavior of azo compounds and imidazoles as well as its derivatives
for complexation reaction and complex formation for transition metals ,giving growing concern in
studying complexes formed by these compounds .2- [(2 — benzimidazole )azo] - 4 -
acetamidophenol for extraction Zn (I1) and Cd(11)!! Extraction Cu (11) and Ag(l) by using 2- [(4-
Carboxy methylphenyl) azo ] -4,5- diphenyl imidazole® . Extracted group (l1b) elements by 2-
[(4-chloro-2- methoxy phenyl) azo] -4,5- diphenyl imidazole ® Cu(Il) and Ag(l) ions extracted
With solvent extraction method by use of 2 —[(6 — naphthyl )azo] -4,5-diphenyl Imidazole .
Synthesized new imidazole ligand and studied its complexes with Cobalt (I1), Nickel (II) and
Copper (1) .B! Another study about chelate complex between imidazole with Copper (I1) ©
Comparison of extraction Zn(Il) and Ni(ll) By used two different derivatives of imidazole !’
studied the complexation of copper(ll) , Zinc (Il) and Nickel(ll) with imidazole derivatives for
extraction and spectrophotometric  determination ® . A ciral complex salen Zn (Il) was
synthesized and characterized its coordination with imidazole derivatives was studies by UV —Vis
spectrophotometric titration and CD spectroscopy ! . Benzildithiosemicarbazone (BDTSC )used as
sensitive and selective analytical reagent for the extractive spectrophotometric determination of
copper (I1), (BDTSC) reacts with in the pH range (1-7) to form yellowish complex ™°! . The solvent
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extraction trivalent lanthanides (La,nD,Eu,Ho,Lu) with mixtures of the chelating extractant 1-( 2-
Thienyl)-4,4,4 -trifluoro -1,3- butane dionethenoyltrifuoro — acetone (HP) and 4-(2-pyridylazo ) —
resorcin (PAR,S) in CHCI 3 was studied ™. A new polystyrene divinyl benzene resin containing 2-
(2-thiazolylazo )-5-dimethylamino-phenol (TAM) functional groups has been synthesized and its
sorption behavior for nineteen metal ions including Zr(IV),Hf (V) V(VI) has been investigated by
batch and column method ™ .In other study used  4-(2-thiazolylazo) —resorcinol for
spectrophotometric determination of chromium ¥ .

2. Experimental
2.1 Apparatus

Used shimadzu (UV-100-02 spectrophotometer ) single beam and UV-1700 double beam
spectrophotometer , Japan for absorption measurements also pH — Measurements used (HANNA —
pH ZSmeter ).

2.2 Reagents and preparations of standard solutions

All reagents and solvent were obtained from commercial source (B.D.H), Merck, fluka and
used as received .The ligand 2- [(4- Carboxy methylphenyl) azo ] -4,5- diphenyl imidazole ( 4 —
CMePADPI) synthesized as in the thesis ! . Stock solution of Co*? ions (Img/ml) prepared by
dissolved (0.4789 gm ) of (CoS0O,.7H,0 ) in distilled water contain (2ml) of concentration sulfuric
acid (H,SOgyand then put this solution in (100 ml) volumetric flask and complete the volume with
distilled water ,other working standard solutions prepared by dilution with distilled water
needful prepared 0.5% solution of 1-Nitroso -2- Naphthol dissolved in glacial acetic acid for
determination of Co*™?ions in aqueous solution , standard solution of ligand (4-CMePADPI) in
concentration of (1x10” M) prepare by dissolved (0.366gm) of ligand in chloroform by use
(100ml) volumetric flask ,also from this solution prepared other standard solution for ligand by
dilution with chloroform .
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2-[(4-Carboxy methyl phenyl)azo]-4,5-diphenyl imidazole.
Fig(1): structure of ligand used in extraction method.

2.3 .General procedure

For extraction experiments have to take (5ml) of aqueous solution contain exact quantity of
Co*?ions at optimum pH ,and then adding (5ml) of organic solution ligand (4- CMePADPI)
dissolved in chloroform or other organic solvent . Afterward shaking these two phases for suitable
time at room temperature and later separate the two layers and determine Co*? ions remainder in
aqueous phases by spectrophotometeric method™* ,For (5ml)aqueous phase add ( 1ml ) of (0.5%)
1- Nitroso-2-Naphthol and make pH of solution (pH=4) ,after shaking the solution for (2 minutes)
leave the solution for 30 minutes ,after that transfer this solution to separation funnel and extracted
the complex by two portions of chloroform each one equal to (5ml), then shaking the chloroform
layer with 2ml of HCI and two portions of (2M NaOH) each potion (2ml)at later washing the
chloroform layer with distilled water , afterward put the chloroform in (10ml) volumetric flask and
complete the volume with chloroform and determine the absorbance of this solution at A = 415 nm
by use chloroform as blank ,from absorbance values and calibration curve Fig (2) determine the
remainder quantity of Ni*?ions in aqueous phase ,but for determine the quantity of Co™ ions
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transfered to the organic phase to produce ion pair complex with ligand (4-CMPADPI) used
stripping method by shaking the organic phase with three portions of nearly concentrated
hydrochloric acid HCI to dissociate the ion pair complex and returning Co*? ions to the aqueous
phase and then determine the quantity of Co** ions by spectrophomtric determination method
,previous method , also possibly determine the quantity of Co*?ions transfered to the organic phase
by subtraction the remainder quantity of Co*®ions in aqueous phase from initial quantity , afterward
divide the quantity of Co*?ions in organic phase on the quantity of Co*? ions in aqueous phase to
determine distribution ratio (D)

3. Result and Discussion

The complexation reaction between the ligand (4- CMePADPI) and Co* ions depend on
many optimum condition to reach this reaction to equilibrium and giving stable ion pair complex as
in the equilibira below
n (4-CMPADPI)+C0"2+S0% < [Co(4-CMePADPI)n]**S0O,?

org. ag. ag. — Org.

3.1.Effect of pH

Extraction of (50 pg) ( 1.69 x10™*M)of Co*?ions in (5ml) aqueous phase at different pH(5 — 12
)by use (5ml)of (1x10™ M) ligand (4-CMePADPI) dissolved in chloroform ,after shaking these two
layers for 10 minutes at (20C°) and separate the aqueous phase from the organic phase , afterward
determine the quantity of Co*?ions in aqueous and organic phase by following spectrophotometric
determination method as clarity in general procedure afterward determine the distribution ratio (D)
and Percentage of extraction (E)at each pH, the results in Table (1) and Fig (3) shows the optimum
of pH extraction was (pHex =11) . At pH less than optimum value effect to  Protonated the
imidazol molecule ligand to occupy the pair of electron and minimizing the coordination with Co*?
ions and give less stable ion pair complex and decline distribution ratio (D)and percentage of
extraction ( E ) and at pH more than optimum value also decline distribution ratio (D) may be by
reason of produce stable species in aqueous phase can not be extracted or by participated the
hydroxyl anion in formation of ion pair complex which is soluble in aqueous phase .
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Fig (2):Calibration curve for Co* ions
r =0.989
a =intercept =0.006
b =lope =0.03
RSD =0.04%
Re = +0.3%
DL =1.7x10° M
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Table (1) Effect of pH on the extraction of Co*?ions
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Fig(3): pH effect on the extraction of Co™ions

3.2.Effect of Metal lon Concentration

Extraction Co*?ions from (5ml) aqueous solution contain different quantity of Co™ions (5 -100 pg
) (0.17x10-3.39x10™* M) at (pHex = 11) by using (5ml) ligand solution(4CMePADPI) dissolved in
chloroform at (1x10“ M) concentration ,shaking these two phases for (10minutes) at (20C°)
afterward separated aqueous phase from organic phase and determine the remainder quantity of
Co*?ions in aqueous phase and transfered quantity of Co*?ions to the organic phase by following
spectrophotometric determination method as clarify in general procedure , after that determine the
distribution ratio (D) and percentage of extraction (E). the results in Table (2) and Fig (4)
demonstrate the optimum quantity of Co*® ions in aqueous phase which giving highest distribution
ratio (D)and percentage of extraction (E) was (50pg )(1.69x10™ M). The concentration of Co*? jons
less than optimum concentration not allow to reach the equilibria and minimizing the distribution
ratio (D) and percentage of extraction (E) , from other hand the concentration of Co*? ions more
than optimum value effect to decreasing the distribution ratio (D) and percentage of extraction (E)
according to Lechatlier principle

Table (2) effect of Co*?ions concentration on the extraction method
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Fig (4) Effect of Co™ions on the extraction method
Slope =0.62

3.3 Effect of Shaking Time

To study the kinetic side of complexation reaction between ligand molecules ((4- CMePADPI)
and Co*™? ions to produce the ion pair complex ,extracted 50 pg (1.69x10™* M) Co*?ions in 5ml
aqueous solution at pH=11 by(5ml)volume of 1x10* M ligand (4-CMePADPI) dissolved in
chloroform and shaking for different times (5min. — 30 min) at (20C°) after complete shaking
separate aqueous phase from organic phase and determine the remainder and transfered quantities
of Co*?ions by followed the spectrophotometric method (1-nitroso -2-naphthol method) which is
clarify in general procedure afterward determine distribution ratio (D) and percentage of extraction
(E) . The results in Table (3) and Figure (5) shows the optimum shaking time was (10minutes) to
reach the equilibrium of complexation reaction but shaking time less than optimum value not
allow to reach equilibrium and decrease the distribution ratio (D) and percentage of extraction (E)
as well as shaking for time longer than optimum time effect to predominate dissociation equilibria
and minimizing distribution ratio (D) and percentage of extraction (E)

Table (3):Effect of shaking time on the extraction method
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Fig. (5) Effect of shaking time on the extraction method
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3.4- stoichiometry
3.4.1 Slope Analysis Method

For giving the probable structure of ion pair complex extracted , extraction 50pgCo*? ions
(1.69x10™* M) in 5ml aqueous phase at (pH=11) by different concentration of ligand (4-CMeADPI)
dissolved in chloroform (1x10° M-1x10" M)after shaking two layers for (10 minutes) at (20C°)
separate organic phase from aqueous phase and determine remainder quantity of Co*? in aqueous
phase and transferred quantity of Co* to the organic phase to produce ion pair complex by
following the procedure detailed in general procedure afterward calculate distribution ratio (D) .
The results in Table (5) and Figure (6) demonstrate from the slope value the more probable
structure of ion pair complex extracted was (1:1) (Metal: Ligand )[Co —(4-CMePADPI) ]** SO,

Table (5) slope analysis method for extraction of Co*?ions

1x10 8x10 15x10 5x10° | 8x10°
CMePADPI 5 5

m|138 m 5.62

slope 0.643

Log 0.5 -

D
log [4-CMePADPI]

Fig(6) : slope analysis method for extraction of Co*?

From the slope of straight line for different concentration of Co* at Fig (4)and the slope value of
straight line for different concentration of ligand Fig (6) calculate the slope ratio and structure of
complex
= 0.62 =1.04 _ Slope ratio = slope of different of [Co*]
0.643 slope of different of[ligand]
From this result the more probable structure of ion pair complex was (1:1) (metal:ligand ) [Co+2(4
CMePADPI)] ™ S0,42

3.4.2 . Mole Ratio Method

To be sure of structure for ion pair complex extracted 50pg (1.69x10™ M) Co*? ions in (5ml)
aqueous phase at( pH=11) by (5ml)of ligand solution (4-CMePADPI) inions dissolved in
chloroform at different concentration (5x10° — 1x10° M) ,after shaking this two layers for (10
minutes) at (20C °) and at later separate organic phase from aqueous phase and measurement the
absorbance (Abs.) of organic phase at A=537 nm. by used ligand solution as blank ,afterward plote
absorbance values (Abs.) against mole ratio C,/Cy . The results in Table (6)and Fig. (7) shows
structure of ion pair complex extracted was (1:1) (metal: ligand) [Co (4-CMePADPI]*? SO,?
identify with slope analysis method result.
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Table (6): Mole ratio method for extraction of Co*?ions

2.5+
2 -
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CL/Cwm

Fig.(7): Mole ratio method for extraction of Co*? ions

3.4.3 Continuous Variation Method
Prepared aqueous solution for Co*?ions and organic solution for ligand (4-CMePADPI)

dissolved in chloroform have the same concentration (1.69x10™ M) and then mix different volume
of two solutions to maximum volume (5ml) at (pH=11) after shaking the two layers (10min.) at
(20C°) separate the two layers and measurement the absorbance (Abs.) of organic phase at A max =
537 nm, by used ligand solution as blank , afterward plot absorbance values (Abs.) against the
proportion of metal ions solution volume V) over total volume of solution after mixed . the results
in Table (7) and Fig (8) demonstrate the structure of ion pair complex extracted was (1:1) (Metal :
ligand ) [Co (4-CMePADPI)]**SO,2.

Table (7) : Continuous variation method for extraction of Co*?ions
vm Jas i Jss o Jos Jo o5 o oo ]
Mem o5 Jo o5 2o | 2 5 o5 o Jus ]
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vm/VT

Fig.(8): Continuous variation method for extraction of Co*?ions
According to the results in stoichiometric studies the suggested structure of Co*>—complex was

H

Ph 1|\1 ﬁ
Ot
e A4
T~ Co

Fig (9): The suggested structure of Co™ -complex

3.5 — Organic Solvent Effect

There is an important manner for organic solvent in solvent extraction method ,to clear the
importance and behavior extracted (50pg) (1.69x10* M) Co*™ ions in (5ml) aqueous phase at
(pH=11) by (5ml)of ligand solution in (1x10™ M) 4-CMePADPI dissolved in different organic
solvents differ in dielectric constant ( €) after shaking the two layers for (10 minutes ) at (20C°)
separate the organic phase from the aqueous phase and determine the remainder quantity of Co*?
ions in aqueous phase and the transfer quantity ofCo*? ions ,to organic phase to produce ion pair
complex by following the spectrophotometric method detailed in general procedure , afterward
calculate distribution ratio (D) and percentage of extraction(E) . the results in Table (8) shows there
is not any linear relation between distribution ratio (D) and dielectric constant for organic solvents
used (€) as well as illustrated the effect of organic solvent structure on the extraction method and
stability of ion pair complex extracted ,and these results shows chloroform very suitable for
extracted Co*? ions with this ligand to giving higher distribution ratio (D) and percentage of
extraction (E) .

Table (8): Organic solvents effect on the extraction of Co*?ions
R R

2.804 0.470 31.97%

Carbon tetra fJ| 2.38 0.11 9.9%
chloride

3.6 —Effect of Temperature
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To demonstrate the thermodynamic side of complexation reaction of Co*?ions with ligand
(4-CMePADPI) extracted (50ug) (1.69 x10“ M) Co*™? ions in (5ml) aqueous phase by (5ml) of
(1x10™ M) ligand (4-CMePADPI) dissolved in chloroform at (pH=11) and different temperature
(0-30C°) after shaking the two layers in fixed temperature separate organic phase from aqueous
phase and determined quantity remainder in aqueous phase and transferred quantity to organic
phase for Co*? ions ,at later calculate distribution ratio (D) according to the procedure detailed in
general procedure , the results in Table (9) and Figure (10) illustrate the complexation reaction
between ligand (4-CMePADPI)and Co* ions was exothermic reaction , that is mean the
coordination association between ligand and Co*?ions decrease with temperature increasing

Table (9): Temperature effect on the extraction of Co*?ions .

TC’ Tk Il/T kx107 D Kex Kimole™ || ASeJmole™
AGex
Lo JL 23 | 366 | 382 J 220x10° || 427 | 1563 ]
[ 5 )| 278 )| 36 Y 3651 Y| 216x10®° | 434 | 156 |
[ 20 || 283 M 353 || 3466 || 2.05x10° || -4403 || 1555 |
L2 J 203 J 34 | 3285 | 194x10° | 445 | 1548 |
[ 25 )| 298 )| 335 Y| 2951 Y| 174x10® )| 4598 || 1542 |
L. 30 J_33 J 33 |J[ 2462 J 146x10"° || 463 ]| 1527 |
-2.43
*
-2.44 °
-2.45 A
[a)]
8—2.46-
-2.47
-2.48
-2.493:25 3.I3 3.I35 3.I4 3.I45 3.I5 3.I55 3.I6 3.I65 3.I7
1T x 10 *K°

Fig(10) : Temperature effect on the extraction of Co*? ions
After that calculate extraction constant Kex from the relation [2:34]
D

K ex =
[Co*? Jag [4-CMePADPI]org

Plot log Kex against 1/T K™ and determine the slope of straight line relation and calculate AHe

From the slope value , and AGex ,ASex .

. A Hex
Slope =
2.303 R
A Gex= - R T In Ky
AG= A Hex— T AS o«
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8.15 ~

8.1 T T T T T T T T 1
325 33 33 34 345 35 355 36 365 37

1T x10 °K°
Fig (11) : Temperature effect on the extraction of Co™ ions

After application of these relations , found the value of enthalpy for extraction of Co*? ions was
(A Hex = -0.0203 KJ mole™ ) and Gibbs free energy was (AGex =-41.25 KJ mole™) as well as the
entropy Was (ASex =151 J mole™) these results shows from the value of AHey the ion pair complex
structure was 1:1 [Co(4-CMePADPI)]** SO, 2 wich is giving low value for AHey but the high value
for ASex reflect that complexation reaction was entropic region !
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