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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 (pHe = 9 ), so the suitable concentration of Ni(ll) ions in aqueous solution
which is giving highest distribution ratio (D) was (80 pg ) ,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° 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 °C - 70°C).
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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(ll) was studied using 2-[(4-carboxy methyl
phenyl) azo]-4,5-diphenyl imidazole [2].Comparison of extraction of Zn (1) and Ni(ll) by use
1-octylimidazoleand 1-octyl-2-methyl imidazole [3]. 2-[(a-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(ll) and Ni(ll) 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
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Co(I1), Ni (1) , and Cu(ll) [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(ll) 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 (lIb) 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(ll) from aqueous solutions [12].

Apparatus

Used TRUV754(UV — Visible Spectrophotometer) for absorption measurements also pH
measurements done by using 3320 Jenway pH Meter .

Materials

NiCl,.6H,O , Dimethyl glyoxime (DMG) @ HCI , NH4;OH , K;S;0g ,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 NiCl,.6H,0 (0.011
mol) in 1 liter of distillation water containing 1 ml of conc. HCI . A standard solution of
4.7x10° M of (p-BrPAI) prepared by dissolve 0.0022 gm in 100 ml of CHCls. A solution of
1% Dimethyl glyoxime (DMG) prepared by dissolve 1gm in 100 ml of ethanol. A solution of
4% potassium persulphate (K,S,0s) 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 ) pg of Ni(Il) ,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 (I1)
Extraction of Nickel (11)
A 5ml of aqueous solution of Ni(ll) 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.
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Fig. 2 : Structure Of Ligand Used In Extraction Method

Determination of distribution ratio
A residue of Ni(ll) 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 (Il)in aqua. phase

Results and Discussion

Table 1 and Figure 3 show that the optimum value of pH extraction was (pHe=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 (I1) 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)]?(HO"), 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 (I1) ions in aqueous phase, which is (80pg) (2.73x10™
M) was illustrated by Table 2 and Figure 4. Due to that conc. which was giving highest
distribution ratio .The conc. of Ni(ll) 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

e .

Ni*? + (p-BrPAI) +2Cl - [Ni (p-BrPAI)]™ Cl,

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-BrPAIl concentration on the extraction process
illustrated in Table 4 and Figure 6 that probability forming specie enable for extraction
[Ni(p-BrPAI )]**Cl, , 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 AHex values shows that the extraction of Ni(ll) decrease with
increasing temperature (i.e process is exothermic ) from study different heat degree (20
C %-70C°) depending on (Vant- Hoff) relationship [18] , while

log K., +Constant------ @

-~ 2.303RT

The log Key, verses (1/T k°) show the slope equal to from this relationship calculate

the Value AH . =-28.417 k;. mole™
AGEX. = 'RT In Kexl ------ (2)

and
AGeX. = AHeX. = TA SeX. """ (3)

We used log D instead of log Kex after application of these relations, the wvalues of
Gibbs free energy and entropy values show in Table (7) ,this result suggested that the
extraction of Ni(Il) is easy and the negative value of AHeg and this mean decrease in value
of AH 5o, and increase of AH pyq.

AI_Iex. =AH _Athd. """" (4) [15’16]

solv.

While at low heat degree (0 C°, 10 C°) decreasing the distribution ratio.
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Table 1: Effect of pH on Extraction of Ni(ll) lons

pH 5 6 7 8 9 10 11 12

D 1.35 1.5 1.6 11.3 256 8.4 ---- ----

Log D 0.13 0.17 0.20 1.05 140 0.92 ---- ----
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Fig. 3: pH Effect on The Extraction of Ni(ll) lons

Table 2 : Effect of Ni(ll) lons Concentration on The Extraction Method

pg Ni (ID) 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 0153 09 127 134 189 1.136 ———— -
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Fig. 4 :The Effect of Ni(ll) lons Concentration on The Extraction Method

Table 3 : Effect of Shaking Time on Extraction of Ni(ll) lons

Time(Min.) 5 10 15 20 25 30
D 8.69 79 68.5 63 7.8 13.5
LogD 0.93 1.89 1.83 1.79 0.89 1.13




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

Fig. 5: The Effect of Shaking Time on The Extraction Method

Table 4 : Effect of Ligand Concentration on The Extraction Method

[Ligand] x 10° M 1 2 3 6 8 10
D 6.61  17.8 79 39 52 78.5
Log D 082 125 189 159 171 1.89
2
*
1.6 A *
o 12 4
0.8 1 A4
0.4 7
0 T T
-3.9 -4.3 -4.7 -5.1
Log[L]

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

Table 5: Effect of Organic Solvent on The Extraction of Ni(ll) lons

Organic solvent > 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(ll) lon

T°C T°K 1/T °K x107 D
0 273 3.6 2.4
10 283 35 4
20 293 3.4 79
30 303 3.3 4.92
40 313 3.2 3.44
50 323 3.1 2.33
60 333 3 1.75
70 343 2.9 1.53

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

Temperature

TK AHgy AGey, ASey.

KJ mole™ KJ mole™ J mole™
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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