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 Abstract: 
        The extraction of Copper has studies as complex means of (PSPAI) 

dissolved in chloroform .The search comprises the following aspects: the optimum pH values 

for extraction was (pHext. = 8 ), so the suitable concentration of Cu(II) ions in aqueous 

solution which is giving highest distribution ratio (D) was (40 ìg ) ,studying effect of 

extraction time illustrated the optimum shaking time to reach the equilibria twenty minute . It 

was found from experiments that the best D of Cu(II) when the concentration of  ligand equal 

to [6 x 10
-5

 M ] and the probability form category enable for extraction [Cu(PSPAI)]
+2

SO4
-

2
  from the slope of straight line of this  catgory , that  the  more  probable  structure  of  ion 

pair (metal : ligand)  complex  extracted  was 1 : 1.The study of organic solvent effect appear 

that there the D values increasing with increasing of dielectric constant of organic solvents 

used . The thermodynamic study demonstrates the complexation reaction is  an exothermic . 

Key words: extraction ,PSPAI ,copper, azo, imidazole. 
 

1.Introduction 
Since discovery imidazole compounds and its derivatives , growing concern in 

synthesis it and studying extraction of metals by it  . Several studies were carried out to 

extraction of Cu (II) . P.Giridhar et al.,  studied  the extraction of uranium and the effect of 

alkyl group on the extraction [1]. The extraction of Cu(II) and Ag (I) was studied by I.R.Ali 

using 2-[(4-carboxy methyl phenyl )azo]-4,5-diphenyl imidazole and 2-[(3-methyl benzene) 

azo]-4,5diphenyl imidazole [2]. A.K.Hassan , used 2-[(á-naphthyl) azo]-4,5-diphenyl 

imidazole  to  extraction  of  copper and silver [3] . Carolina et al., Studied the extraction of 

imidazole chelate complex with copper  [4 ] . Ibolya Apro studied the complexation of Cu 

(II) ,Zn(II) and Ni(II) with imidazole as ligands and inositol derivatives [5] . Synthesis a new 

imidazole ligand  and stadied it complexes with Co(II), Cu (II) , and Ni(II)  carried by 

Ibramim and Nebahat.  [6].    N. Dallali et al., studied cloud point extraction and 

determination of Zn, Co, Ni and  

Pb by flame atomic absorption spectrometry  using 2-Guanidinobenzimidazole as 

the complexing agent [7]. Jose´ J. Campos et al., Studied Coordination geometry isomerism 

induced by N–H -Cl, C–H-Cl, C–H-N, C–H-p and p-p supra molecular interactions in 



 2010سنة  4العدد 15لقادسية للعلوم الصرفة المجلد مجلة املحق بحوث 

ISSN 1997-2490)) 

40 

mercury(II) complexes with tri pyridyl imidazole chelating ligands [8] .  Synthesis of tri- and 

tetra substituted imidazoles carried by Daniel V. Paone and Anthony W. Shaw [9].As well as 

T.K. Mondal et al., studied  

 

 

Synthesis , structure spectra and redox properties of Ruthenium–carbonyl 

complexes of 1-alkyl-2-(arylazo) imidazoles [10]. studies in solvent extraction of group (IIb) 

metal ion by new organic reagent ", 2-[(4-Chloro-2- methoxy phenyl)azo]-4,5-diphenyl 

imidazole. carried by Abdul Muttalib [11].                                                                         

2.Apparatus 

Used TRUV754(UV – Visible Spectrophotometer) for absorption measurements 

also pH measurements used 3320 Jenway pH Meter . 

 

3.Materials 
CuSO4.5H2O ,  Dithizone (D2HZ),   H2SO4,  NH4OH , Chloroform  , Dichloromethane, 

Carbon tetra chloride  and Toluene  from  B. D. H. and Merck The  ligand  2- [p- (2'-

Pyrimidyl  sulphamyl)  phenyl  azo] -4,5-diphenyl imidazole synthesized as in the thesis [12].   

                                     

4.Procedure 

      i-prepration of standard stock solutions  

(a) A solution of Copper (II) (1 mg\ml ) was prepared by dissolving 3.928 gm CuSO4.5H2O 

(0.015 mol) in 1 liter of distillation water containing 1 ml of conc. H2SO4 .  

(b) A standard solution of 4x10
-4

 M of (PSPAI)  prepared by dissolve 0.0192 gm  in 100 ml 

of CHCl3. 

(c) A solution of 1x 10
-2

M of  Dithizone (D2HZ)  prepared by dissolve 0.0256 gm  in 10 ml 

of CCl4. 

(d) A dilute solution of  ammonia prepared by add 1drop of conc. ammonia in 25 ml of D. W 

. 

      ii-Calibration curve : 

 A different  concentration  of (1– 40 ) ìg of  Cu(II)   was prepared using  D.W. then adjust a 

solutions to pH = 1, transfer the solution to a separate funnel and extract with portion of 

H2DZ  in CCl4 until the last portion does not  change its  green colour . With dithizone each 

extraction separate the organic Phase before the green dithizone reagent is completely 

complexed as the violet Cu(HDZ)2 shake the aquase sample with the final portion of the 

dithizone sol. not less  than 3 min., remove free by shaking the combined extracts with the 

dilute ammonia sol. Dilute the violet with CCl4 in 10ml  volumetric flask and measure the 

absorbance at 550 nm ,using the solvent as reference (Dithizone method)[13],the calibration 

curve illustrated in Fig(1). 
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     iii- Extraction of Copper (II)  

         A 5ml   of  aq.  solution  of  Cu(II)  has  a specific   concentration   placed    in (25 ml) 

separating funnel with equivalent volume of organic solution of ligand .  Then shake the 

separation funnel within 20 sec . A two layer was separate  .  

iv-Determination of distribution ratio  

       A residue of Cu(II) was  determinated  using spectrophotometric  method  ,then. A value 

of  D  was calculated using the relation  ship below : 

 

 

 

 

                                        Conc. Of Cu(II) in organic phase 

Distribution ratio (D) =   
 

                 

[14,15]. 

                                  Conc. Of  Cu(II) in  aqua.  Phase 

 

 
2-[p-(2-Pyrimidyl sulphamyl) phenyl azo]-4,5-diphenyl imidazole 

 

Fig (1) : structure of ligand used in extraction method 
 

4. Results and Discussion: 
             Table (1) and Fig (3)  show that the optimum value of pH extraction was (pHex=8) . 

At pH less than optimum value effect to protonated the imidazole  molecule ligand to occupy 

the pair of electron and then can not coordinate strongly with Cu(II) ions and give less stable 

ion pair complex and minimize the distribution ratio (D) ,also at pH value more than 

optimum value effect to decrease distribution ratio (D) by reason increase concentration of 

[Cu(PSPAI)]
+2

(HO
-
)2 complex this complex more soluble in aqueous phase and less 

extracted to organic phase and sovereignty the dissociation equilibria [16] . 

              The optimum  Conc. Of  Cu(II)  ions  in  aqueous   phase  ,  which   is  (40ìg) (6 

x10
-4

 M) was illustrated by Table (2) and Fig. (4).  

 Due to that  conc. which was giving highest distribution ratio .The conc. Of  Cu(II)  ions less 

than optimum Conc. not allow to reach the equilibria therefore, the value of D minimizes,  

according to Lechatlier principle .  
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These results demonstrate the effect of metal ion conc. on the equilibria of complexation 

reaction 

 

Cu
+2

   +  (PSPAI) + SO4
-2

                                          [Cu (PSPAI)]
+2

 SO4
-2 

         

    Table (3) and Fig (5)  show that the best time for shaking was 20 minutes , and this show 

that the complex reach to equilibrium state, and this time was adopted in a residue  of  

experiments .   

           The study of effect of PSPAI concentration on the extraction process  illustrated in 

Table (4) and Fig. (6) that probability forming  category  enable for extraction  

[Cu(PSPAI)]
+2

SO4
-2

 , from the slop of  straight line  of  this category ,that the  more   

probable  structure  of  ion  pair  complex extracted  was ( 1 : 1 ) 

(metal : ligand)  . The results in Table (5)  shows that there the distribution ratio (D) of  

Cu(II) ions increasing with increasing of dielectric constant of organic solvent this results 

reflect the effect of polarity of organic solvent on extraction, Table (6) ,(7) and Fig. (7) 

 

 

 demonstrate  increasing values of free energy of transition of ions from aqua. phase to 

organic phase and the ?Hex. values shows that   the  extraction   of  Cu(II)  decrease  with  

increasing  temperature ( i.e process is exothermic ) from study different heat   degree  ( 20 

k
0
 -50 k

0
 ) depending on (Vant- Hoff) relation ship [17]. 

)1(tan
303.2

log . tCons
RT

Kex 


  

         The log Kex. verses (1/T k
0
) show the slope equal to 

R303.2


 from this relation ship 

calculate the Value    ex.   =-50.97 kJ . mole
-1  

 

          

             )2(ln.  exex KRTG         

 and       

             )3(.   exexex STHG  

we  used log D instead of log Kex. . 

After  application of  these  relations ,  the   values   of   Gibbs   free   energy and  entropy  

values showed by Table (7)  .             

           This result suggested  that the extraction of Cu(II) is easy and the negative value of 

.ex   and this mean decrease in value of  solv  and increase of hyd  

                      )4(... hydsolvex    [18-20]. 

and the value of .ex  provide additional evidence about activity of (PSPAI) to extraction  

Copper ions. 

 

 



 2010سنة  4العدد 15لقادسية للعلوم الصرفة المجلد مجلة املحق بحوث 

ISSN 1997-2490)) 

43 

 

 

 

 

 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 10 20 30 40 50

A
b

s
o

rb
a
n

c
e

 
                 µg Cu(II) 

                                           

Fig.(2): Calibration Curve of Cu (II) 
 

Table ( 1 ) : Effect of pH on extraction of Cu(II) ions 

(6x10
-5

M of Cu(II) ,  10 min. , 6x10
-5

M(PSPAI) in CHCl3 ) 
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Fig.(3): pH effect on the extraction  of  Cu(II) ions 

 

Table(2) : Effect of Cu(II) ions concentration on the extraction method 

( pH=8,  10 min. ,6x10
-5

M(PSPAI) in CHCl3 ) 

                                                                  

µg Cu(II) 10 20 25 30 40 

[Cu(II)] x10
-5 1.5 2 4 5 6 

D 0.5 1.28 1.58 2.018 9 

            

pH 5 6 7 8 9 10 

D 1.6 1.807 2.55 9 2.07   ____ 
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Fig.(4):The effect of  Cu(II) ions concentration 

on the extraction method 
 

 

 

 

 

 

Table ( 3 ) : Effect of shaking time on extraction of Cu(II) ions 

( pH = 8 , 6x10
-5

M of Cu(II) ,  6x10
-5

M(PSPAI) in CHCl3 ) 

 

Time(min.) 5 10 15 20 25 

D 8.75 9 9.178 9.6 9.4 
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Fig.(5):The effect of  shaking time on the extraction method 
 

 

 

 

Table(4) : Effect of ligand concentration on the extraction method 
 

[ligand]  x 10
-5 

M 1.5 2 3 5 5.5 6 

D 3.40 3.09 4.51 7.24 8.51 9.60 
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Fig.(6):The effect of  ligand concentration on the extraction method 
 

 

 

 

Table(5) : Effect of  organic solvent on the extraction 
 

Organic solvent Ɛ D 

1,2-Dichloro ethane 10.65 11.2 

Chloroform 5.708 9.6 

Toluene 2.438 5.4 

Carbon tetra chloride 2.38 4.3 

 

 

Table(6) : Effect of  temperature on the extraction 
 

T οC T οK 1/Tο K x10
-3 D 

20 293 3.4 9.60 

30 303 3.3 4.70 



 2010سنة  4العدد 15لقادسية للعلوم الصرفة المجلد مجلة املحق بحوث 

ISSN 1997-2490)) 

48 

 

 

 

 

Table (7) :  values   of   Gibbs   free   energy  and  entropy  values of  

extraction For each temperature degrees 
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Fig.(7): Temperature effect on the extraction  of  Cu(II) ions 

 

40 313 3.2 2.80 

50 323 3.1 1.58 

 

T k
0
 

 

ΔHex. 

KJ mole
-1

 

 

ΔGex. 

KJ mole
-1 

 

 

ΔSex. 

J mole
-1 

 

293 

-50.97 

 

-5.498 

 

-155.194 

 

303 

 

-3.891 

 

-155.376 

 

313 

 

-2.6736 

 

-154.301 

 

323 

 

-1.222 

 

-152.620 
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كاشفحاليل المائية بواسطة الن المم  (II) نحاساستخلاص ال   

ولثنائي فنيل إميداز-5،4-اميل( فنيل آزو[بريميديل سلف-2)-]بارا-2  
 

 3راء مهدي العابدي ، حو    2 نهلة فتحي المتولي ،    1عبد الله محمد علي 
 جامعة الكوفةتربية للبنات ،  لا يةقسم الكيمياء ،  كل   1

 جامعة الكوفةعلوم ،  لا يةقسم الكيمياء ،  كل  3،   2
 

 الخلاصة :
-2)-ساترا]-2ف ما  الححتللاا الحتةلاة سواسالة ال ت ا (II)قد تم في هذا البحث دراسة استخلاص ايونات  الححات              

الحاذا  فاي ال لوروفاورق فكاد  اتا  هاذا ال ت اف  لاد  (PSPAI)ملادازو  ثحتةي فحلاا  -5،4-سلفتملا( فحلا آزو[سريحلديا 

 للاستخلاص هذه الايونت  وتضح  البحث الحواحي الاتلة :

 PH = 8حلث  تنت الكلحة الحثلى لاستخلاص ايونت  الححت  الثحتةلة عحد  PHدراسة تتثلر الدالة الحتمضلة 

 هو افضا تر لز. )µg 40( )M5-6x10 (تر لزحلث  تا ال

 اافكد اظهر  الدراسة   (PSPAI) واللل تند(II) امت م  الجتنب الحر ي لتفتعا التعكلد سل  ايونت  الححت  

ف على ال ت  زم  الرج التتلي لعحللة الاستخلاص لللوري  الحتةي الحتوي على ايونت  الححت  الثحتةلة والعضوي الحتوي

 دقلكة هو الافضا للوصو  الى حتلة الاتزاا .  20العضوي 

 M5-6x10لاز  ذلك تم دراسة تتثلر تر لز ال ت ف العضوي   وو د اا افضا  قلحة   لحسبة  التوزيا   عحادمت ي اوا  التر 

ظهار ،  ذلك تم  دراسة   تتثلر الحاذيب العضاوي وSO+2[Cu(PSPAI)])4(-2 ذلك تبل  اا الصحف الححتحا استخلاصه 

 حات اوحاحت  اا نسبة التوزي  للاستخلاص تزداد م  زيتدة ثتست العز  ال هرستةي للحذيبت  العضوية الحساتخدمة ،عحومت 

 الدراسة الثرموديحتمل لة لتفتعا التعكلد  اا التفتعا ستعث للحرارة .

 

 

 

                               

 


