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 الخلاصة 

أميداازو  ثنائي فنيل   5,4 - - ]ازو( برومو فنيل  -4 ( - 2كاشفبواسطة المن المحاليل المائية  (II) نيكلاستخلاص ايونات العملية دراسة تمت 

(P-BrPAI)     النيكددل المددباف فددي الكلوروفددورك ف ددا  دداا   ددبا الكاشددف  يددا للاسددتخلاص(II )الاالددة   يرتدداث النددوا ي ايتيددة اراسددةوتضددمنت  ال

الدب   نيكدل الثندائي افضدل تر يدل لل اما   9الاالة الحامضية   يث   انت  ال يمة المثلى  يستخلاص ايونات النيكل الثنائية  عنا  ( pH)الحامضية  

μg  (2.73 x10 80  ويح د    الدة ايسدتخلاص الىضدلى   دو يعطي اعلى قيمة لنسبة التوزيد  
-4

M ) اسدة  الحر يدة  الار أمدا,  تر يدل أفضدل دو

الى  الدة ايتدلاا  المع ا لوصو  الأفضل و ( قائ  د  10)رج الزمن  ف ا بينت اا  (p-BrPAI) والكاشف(II) لتىاعل التع يا بين ايونات النيكل 

3x10قيمدة لنسدبة التوزيد  عنداما يكدوا التر يدل  أفضدل إاو و دا  الكاشدف العضدو  تر يدل  تأثيرتم دراسة  بلك , 
-5

 M تدأثيردراسدة   لك تدم دب 

, ثابت العل  الكهربائي للمبيبات العضوية المسدتخامة  و نسبة التوزي  للاستخلاص  تو ا علاقة خطية بين ه يالمبيب العضو  وبينت النتائج  ان

 C 70 )الاراسة الثرموديناميكية لتىاعل التع يا  اا التىاعل باعث للحرارة في ماى در ات الحرارة من  أوضحت ما 
0
 - 20 C

0
 ). 

 

Abstract 

The extraction of Nickel has been studied as complex with 2-[ (4-Bromo phenyl) azo]-4,5-diphenyl 

imidazole which dissolved in chloroform .This search comprises the following aspects: the optimum pH 

values for extraction was (pHext. = 9 ), so the suitable concentration of Ni(II) ions in aqueous solution 

which is giving highest distribution ratio (D) was (80 μg ) ,studying effect of extraction time illustrated the 

optimum shaking time to reach the equilibria was ten minute .It was found from experiments  that  the  

best  value  of   D  when the concentration of  ligand  equal   to [3x10
-5

 M  ] , from other hand organic 

solvents shows that there is no linear relation ship between dielectric constant of organic solvents and 

distribution ratio (D)  of extraction ,but there is an effect for the organic solvent structure. The 

thermodynamic study demonstrates the complexation reaction is  an exothermic at temperature degrees 

(20 
0
C  - 70 

0
C). 

 

Key words: extraction , p-BrPAI , Nickel , azo, imidazole. 

 

Introduction 

 

Sensitivity and selectivity behavior of azo compounds and imidazoles as well as its 

derivatives for complex formation for metals , giving growing concern in synthesis it and 

studying extraction of metals such as  the extraction of uranium and the effect of alkyl group 

on the extraction [1]. The extraction of Ni(II) was studied  using 2-[(4-carboxy methyl 

phenyl) azo]-4,5-diphenyl imidazole [2].Comparison of extraction of Zn (II) and Ni(II) by use 

1-octylimidazoleand 1-octyl-2-methyl imidazole [3]. 2-[(α-naphthyl) azo]-4,5-diphenyl 

imidazole has been used in  extraction  of  copper and silver [4]. The extraction of imidazole 

chelate complex with copper [5], also Cu (II) ,Zn(II) and Ni(II) can be extracted by 

complexation reaction with imidazole and inositol derivatives as ligand [6] . A new type  of 

imidazole legand has been synthesis a new imidazole ligand  and studied it complexes with 

mailto:Ibt.raheemali@yahoo.com


 

Journal of Kufa for Chemical Science No. (6)                                               December 2012 

2 

 

Co(II), Ni (II) , and Cu(II)  [7]. The  cloud point extraction and determination of Zn, Co, Ni 

and Pb by flame atomic absorption spectrometry  using 2-Guanidinobenzimidazole as the 

complexing agent has been studied [8]. The  geometry isomerism induced by N–H -Cl, C–H-

Cl, C–H-N, C–H-p and p-p supra molecular interactions in mercury(II) complexes with tri 

pyridyl imidazole chelating ligands has been estimated [9]. Synthesis of tri- and tetra 

substituted imidazoles [10]. As well as the extraction of group (IIb) metal ion by new organic 

reagent ", 2-[(4-Chloro-2- methoxy phenyl)azo]-4,5-diphenyl imidazole has been studied [11]. 

In other study used 2-[6-methyl benzothiozolyl azo]5-diethyl amino phenol to determination 

of Ni(II) from aqueous solutions [12]. 

 

Apparatus 

 

Used TRUV754(UV – Visible Spectrophotometer) for absorption measurements also pH 

measurements done by using  3320 Jenway pH Meter . 

 

Materials 

NiCl2.6H2O ,  Dimethyl glyoxime (DMG) ,   HCl ,  NH4OH , K2S2O8 ,Chloroform, 

Dichloromethane, 1,2-Dichloroethane, Carbon tetra chloride , Benzene ,  and Toluene  from  

BDH. and Merck companies ,The  ligand  2-[ (4-Bromo phenyl) azo]-4,5-diphenyl imidazole 

synthesized [13 ] . 

 

Procedures 

 

Prepration of standard stock solutions  
A solution of Nickel (II) 663 ppm was prepared by dissolving 2.685 gm NiCl2.6H2O (0.011 

mol) in 1 liter of distillation water containing 1 ml of conc. HCl .  A standard solution of 

4.7x10
-5

 M  of (p-BrPAI)  prepared by dissolve 0.0022 gm  in 100 ml of CHCl3. A solution of 

1% Dimethyl glyoxime (DMG) prepared by dissolve 1gm  in 100 ml of ethanol. A solution of 

4% potassium persulphate (K2S2O8) instantaneously prepared by dissolve 4 gm  in 100 ml of 

distillation water. 

 

Calibration Curve  

To serious of 50 ml volumetric flask add 5 ml of solution containing  a  different 

concentration  (1– 70 ) μg of Ni(II)  ,1ml of  1% Dimethyl glyoxime solution , 2ml of 4% 

potassium persulphate solution. a 5ml of conc. NH3 solution are added then dilution  to the 

mark with D.W.,and mix well . After 10 minutes , measure the absorbance at 445 nm against 

D. W.(DMG method) [14],the calibration curve illustrated in Figure 1. 
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Fig. 1: Calibration Curve of Ni (II) 

Extraction of Nickel (II)  

A 5ml   of  aqueous  solution  of  Ni(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 10 sec . A two layer was separate.  

 

 

 

 

          

 

 

 

Fig. 2 : Structure Of Ligand Used In Extraction Method 

 

Determination of distribution ratio  

 A residue of Ni(II) was  determinate using spectrophotometric method  ,then  a value of  D  

was calculated using the relationship below : 

 

                                                       Conc. of Ni (II) in organic phase                                                                        

Distribution ratio (D) =             [15,16].  

                                                      Conc. of  Ni (II) in  aqua.  phase                                                                                                                                                                          

 

Results and Discussion 

 

Table 1 and Figure 3  show that the optimum value of pH extraction was (pHex=9) . At pH 

less than optimum value caused an protonation of the imidazole  molecule ligand which 

caused to occupy the pair of electron and then cannot coordinate strongly with Ni (II) ions and 

give less stable ion pair complex and minimize the distribution ratio (D),also at pH value 

more than optimum value and a decrease in the distribution     ratio (D)  by    reason   increase    

concentration of [Ni (p-BrPAI)]
+2

(HO
-
)2 complex this complex more soluble in aqueous phase 
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and less extracted to organic phase and sovereignty the dissociation equilibria [2]. The 

optimum  concentration of  Ni (II)  ions  in  aqueous   phase,  which   is  (80μg) (2.73x10
-4

  

M) was illustrated by Table 2 and Figure 4.  Due to that  conc. which was giving highest 

distribution ratio .The conc. of  Ni(II)  ions less than optimum conc. not allowed to reach the 

equilibria therefore, the value of D minimizes,  according to Lechatlier principle [17] . These 

results demonstrate the effect of metal ion conc. on the equilibria of complexation reaction 

 

Ni
+2

   +  (p-BrPAI ) + 2Cl
                

 [Ni (p-BrPAI )]
+2

 Cl2 

          

Table 3 and Figure 5  show that the best time for shaking was 10 minutes , and at this time 

show that the complex reach the equilibrium state, and it was adopted in a residue  of  

experiments. The study of effect of P-BrPAI  concentration on the extraction process  

illustrated in Table 4 and Figure 6 that probability forming specie enable for extraction 

[Ni(p-BrPAI )]
+2

Cl2   , from the slop of straight line of these specie , that  the  more  probable  

structure  of  ion pair  complex  extracted  was   ( 1 : 1 ) (metal : ligand).The results in Table 

5  show that there  is no linear relationship between dielectric constant of organic solvents and 

distribution ratio (D)  of extraction ,but there is an effect for the structure of organic solvent. 

Tables 6 and 7 demonstrate values of free energy of transition of ions from aqueous  phase to 

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

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

C 
0
 - 70 C

0
 ) depending on (Vant- Hoff) relationship [18] , while 

  

)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 relationship calculate      

the Value    ex.   =-28.417  kJ . mole
-1  

        

∆Gex. =  -RT ln Kex. )2(           

and           

 ∆Gex. =  ∆Hex. - T∆ Sex. )3(  

 

We  used log D instead of log Kex. after  application of  these  relations ,  the   values   of   

Gibbs   free   energy and  entropy  values show  in Table (7) ,this result suggested  that the 

extraction of Ni(II) is easy and the negative value of   ∆Hex. and this mean decrease in value 

of ∆H solv. and increase of ∆H hyd. 

)4(... hydsolvex    [15,16]. 

 

While at low heat  degree (0 C
0
 , 10 C

0
 )  decreasing the distribution ratio. 
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  Table 1: Effect of pH on Extraction of  Ni(II) Ions 

pH 5 6 7 8 9 10    11 12 

D 1.35 1.5 1.6 11.3 25.6 8.4 ---- ---- 

Log D 0.13 0.17 0.20 1.05 1.40 0.92 ---- ---- 
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Fig. 3: pH Effect on The Extraction of  Ni(II) Ions 

 

Table 2 : Effect of Ni(II) Ions Concentration on The Extraction Method 

μg Ni (II) 10 20 30 40 60 80 100 120 200 

ppm 2 4 6 8 12 16 20 24 40 

D 0.1 1.42 9 19 22 79 13.7 ---- ----- 

Log  D -0.95 0.153 0.95 1.27 1.34 1.89 1.136 ---- ----- 

 

 

 

 

 

 

   μg Ni(II)  

 

 

 

 

Fig. 4 :The Effect of  Ni(II) Ions Concentration on The Extraction Method 

 

Table  3  : Effect of Shaking Time on Extraction of Ni(II) Ions 

Time(Min.) 5 10 15 20       25 30 

D 8.69 79 68.5 63 7.8 13.5 

Log D 0.93 1.89 1.83 1.79 0.89 1.13 
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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 2 3 6 8 10 

D 6.61 17.8 79 39 52 78.5 

Log D 0.82 1.25 1.89 1.59 1.71 1.89 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6:The Effect of  Ligand Concentration on The Extraction Method 

 

Table 5: Effect of  Organic Solvent on The Extraction  of  Ni(II) Ions 

Organic solvent ε D 

1,2-Dichloro ethane 10.65 7 

Chloroform 5.807 79 

Toluene 2.438 9.6 

Carbon tetra chloride 2.38 4.3 

Benzene 2.804 8 

Dichloro methane  9.08 5.4 
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Table(6) : Effect of  Temperature on The  Extraction  of  Ni(II) Ion 

 

         Table 7 :   Gibbs   Free   Energy  and  Entropy  Values of  Extractions  in Different  

Temperature  

T k
0
 ∆Hex. 

KJ mole
-1

 

∆Gex. 

KJ mole
-1

 

∆Sex. 

J mole
-1

 

293 -28.417 -10.624 60.726 

303 -4.006 80.564 

313 -3.208 80.539 

323 -2.265 80.965 

333 -1.545 80.696 

343 -1.209 79.323 
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