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Abstract
Liquid ion exchange is widely used for recovery of metals from aqueous solutions. The high molecular weight amines α-NA,4-ABA and imidazole derivative 4-CMePADPI as well as Cryptand C222 were used to recover Zn(II)from aqueous solutions as chloro complex anion ZnCl4=. Experiments were performed as a function of different variables such as concentration of hydrochloric acid for preparation of chloro complex anion ZnCl4= as well as concentration of hydrochloric acid for preparation of liquid anion exchange [HL]+Cl- in organic phase in addition of shaking time, from the other hand studied the organic solvent effect and stoichiometry for ion pair complex formation. Thermodynamic study shows anion exchange reaction for ZnCl4= to form ion pair complex was exothermic with α-NA and C222 but endothermic with 4-ABA and 4-CMePADPI.
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الخلاصة 
التبادل الأيوني السائل يستخدم بصورة واسعة لاستخلاص الفلزات من محاليلها المائية. الأمينات عالية الوزن الجزيئي α-NA  و  4-ABA ومشتق الاميدازول  4-CMePADPIوكذلك الكربتاند C222 استخدمت لاستخلاص الخارصين (II) من محاليله المائية على هيئة معقد كلورو سالب ZnCl4=. التجارب العملية مثلت دالة لمتغيرات مختلفة مثل تركيز حامض الهيدروكلوريك لتحضير معقد الكلورو السالب ZnCl4=  وكذلك تركيز حامض الهيدروكلوريك لتحضير المبادل الأيوني السائل [HL]+Cl- في الطور العضوي بالإضافة إلى زمن الرج، من ناحية أخرى تم دراسة تأثير المذيب العضوي و التركيب المحتمل لمعقد الترابط الأيوني المستخلص. الدراسة الثرموديناميكية أظهرت إن تفاعل التبادل الأيوني لـ ZnCl4= لتكوين معقد الترابط الأيوني كان باعث للحرارة exothermic مع α-NA و C222 ولكنه ماص للحرارة endothermic مع 4-ABA و               4-CMePADPI.
Introduction
Ion exchange methods is widely used for the recovery and removal of metals as cations or anions, Sung Ho Lee et al used anion exchangers for separation of platinum group metals from nitric acid media such as Pd(II), Ru(II) and Rh(II) whereas the anion exchangers used such as IRN78 and Dowex 1×8 [1]. Baba et al extracted Zinc (II) and Pb(II) with TPP from HCl media and shows 2MTPP to be very effective for the extraction [2]. Schrotterova and Nekovar extracted Cr(VI), Mo(VI) and W(VI) from sulfate solutions by primary amine, experimental results confirmed that the basic extraction mechanism was anion exchange [3]. Sudarshane et al used innovative separation method for extraction Mo(VI)from aqueous chloride media with N-n-octyl aniline as liquid anion exchanger coated on silica gel, Mo(VI) was quantitatively extracted from 1.25MHCl [4]. Junji et al separation of Chromium (III)and Chromium (VI)by combination of solvent and ion exchange method [5]. Tatiana et al a systematic study of anion partitioning and ion pairing was performed for an extraction of individual Cesium salt into 1,2-dichloro ethane using 4,5'-bis(tert-octyl benzo)dibenzo-24-crown-8 [6]. Kolowski et al gave an experimental investigation on Zn(II) and Cd(II) ions separation from aqueous chloride solutions, containing mixture of both metals ions by ion flotation and polymer inclusion membrane process [7]. Astird and Biserka study the extraction and formation of Iron (III) thiocyanate complexes for Spectrophotometric determination of Iron from sulphuric and hydrochloric acid solutions contain an excess of thiocyanate ions with tetra phenyl phosphonium (TPP) chloride and cetyl trimethyl ammonium (CTMA) bromide in chloroform [8]. Hazemin and Mallah study the removal of chromate anion CrO4= from a synthetic aqueous solution by synthesized MCM-41/ZSM-5 composite and its modified form with the anionic surfactant of hexa decyl-trimethyl ammonium bromide [9]. Apichart et al study liquid-liquid extraction of Zn(II) and Ni(II) ions in aqueous solution by cryptand like calix[4]arene derivative as extractant in chloroform, the extraction efficiency was investigated by means of flame atomic absorption spectrophotometry, the extraction behavior of the metal ions closely related to the pH at equilibrium and the matrix of the aqueous solution [10]. Devendra and Purshottan extracted Scandium (III) from sulfuric acid solution using  bis(2-ethyl hexyl)phosphinic acid (PIA-8) in toluene has been studied and the extraction of Scandium (III) was found to be quantitative with 0.03M PIA-8 in toluene in the acidic media range of  0.1-0.5M H2SO4 [11]. Hasan and Bekir using Lead 4-benzylpiperidinedithiocarbamate complex [Pb(4-BPDC)2], a solid-phase extraction method was developed for pre-concentration and spectrophotometric determination of Copper in water samples, Copper in large volume liquid phase quantitatively replaces Lead on colorless Ph(4-BPDC)2 complex and naphthalene solid phase mixture forming Cu-4-benzylpiperidinedithiocarbamate complex [Cu(4BPDC)2] [12]. 
The present Study was undertaken to investigate the effect of various extraction parameters on the extraction of Zn(II) as chloro anion complex from hydrochloric acid media by α-NA, 4-ABA, 4-CMePADPI and C222, parameters studied include the effect of hydrochloric acid concentration, metal ion concentration, foreign ion and temperature of extraction, effect of methanol concentration, organic solvent.
Experimental
Apparatus and Reagents 

The spectrophotometric measurements were carried out on single beam (UV.-Vis.) spectrophotometer, Shimadzu (UV.-100-02) (Japan) and pH was measured with pH-meter, WTW (Germany). 
The solutions of organic reagents α-Naphthyl amine (α-NA), 4-Amino benzoic acid (4-ABA),2-[4-Carboxymethyl phenyl azo]-4,5- diphenyl imidazole (4-CMePADPI) and Cryptand (C222) were prepared in chloroform by dissolved suitable quantity of each compound to obtained a solution at (1×10-2M) in concentration and other work solutions prepared by dilution with chloroform. Zinc(II) chloride solution at concentration of(1mg/mL Zn (II))prepared by dissolved(2.1gm)in(1Liter) distilled water, other working solutions were prepared by dilution with distilled water. 

General procedure 

A solution of 5mL containing suitable quantity μg of Zn2+, containing HCl at constant concentration for formation chloro complex anion ZnCl4= in aqueous solution, 5mL of organic reagent in chloroform shaking with hydrochloric acid HCl to prepare liquid anion exchanger [HL]+Cl- after that 5mL aqueous solution contain ZnCl4= shaking with organic solution contain [HL]+Cl-, after anion exchange happen determine remainder quantity of Zn2+ in aqueous phase spectrophotometrically [13] and by return to calibration curve figure 1, at the last calculate distribution ratio (D) from metal ion quantity remain in aqueous phase and transferred quantity to organic phase.
Results and Discussion

Effect of HCl Concentration in Aqueous Solutions
Aqueous solutions 5mL in volume contain 50μg Zn2+ and different concentrations of HCl (0.1-3.0M)shaking with 5mL of organic phase for α-NA, 4-ABA, 4-CMePADPI and C222 dissolved in chloroform at (1×10-4M) for 10min. after shaking with 5mL of 1MHCl to form liquid anion exchanger [HL]+Cl- after that separate organic phase from aqueous phase and determined the remainder quantity of Zn2+ in aqueous phase according to spectrophotometric method [13] and calculate distribution ratio (D) at each concentration of hydrochloric acid HCl and after plot log D against log [HCl] giving figure 2.
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Figurer 1: Calibration Curve of Zn2+
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Figure 2: Effect of HCl concentration in aqueous solutions on distribution ratio (D) for Zn2+
The results shows optimum concentration of HCl was 1M with α-NA, 4-ABA, 0.8M with 4-CMePADPI and 2.5M with C222, these concentrations is necessary for formation of stable chloro complexes anion ZnCl4= which is exchange with Cl- ion in liquid anion exchanger [HL]+Cl- to produce ion pair association complex according to thermodynamic equilibrium below:-


[image: image6.wmf]ZnCl

2

 + 2HCl

ZnCl

4

=

 + 2H

+

ZnCl

4

=

 + H

+

HZnCl

4

-

 

H

+

 

aq.

+ L

org.

 + Cl 

-

aq.

[HL]

+

Cl 

-

org.

[HL]

+

Cl 

-

 

org.

 + HZnCl

4

-

aq.

[HL]

+

HZnCl

4

-

 

org.

 + Cl 

-

 

aq.


 Where L= α-NA,4-ABA, 4-CMePADPI and C222

Effect of HCl Concentration Shaking with Organic Phase
For formation liquid anion exchanger [HL]+Cl- it's need to shaking organic solution with fixed HCl concentration in this experiment prepared aqueous solution contain 50μgZn and optimum concentration of HCl as well 5mL organic solution contain ligand α-NA,4-ABA, 4-CMePADPI and C222 dissolved in chloroform at (1×10-4M) shaking each solution for each ligand with different concentration of HCl and separate organic phase contain anion exchanger [HL]+Cl- shaking with aqueous solution contain ZnCl4= for 10min. at last separate organic phase from aqueous phase and determine the remainder quantity of  Zn2+ in aqueous phase and the quantity transferred to organic phase by spectrophotometric method [13] ,after that calculate distribution ratio (D) and after plot logD against log[HCl] obtained figure 3.
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Figure 3: Effect of HCl concentration shaking with organic phase on distribution ratio (D) for Zn2+.

The results shows the optimum HCl concentration shaking with solution of ligand to produce liquid anion exchanger [HL]+Cl- was 1M for α-NA, 4-ABA, 0.8M with 4-CMePADPI and 1.5M with C222, these concentrations give stable liquid anion exchanger [HL]+Cl- for each ligand, HCl concentration less than optimum value not available to reach the equilibrium of formation for [HL]+Cl- but the concentration more than optimum value increase the dissociation equilibria.
Effect of Zn2+ Concentration on Distribution ratio (D)
5mL aqueous solutions contain different quantity of Zn2+ (5μg-170μg) with HCl optimum concentration, shaking with 5mL organic solution for ligand dissolved in chloroform which beforehand shaked with optimum HCl concentration, after complete shaking and separate organic phase from aqueous phase determine the remainder quantity of  Zn2+ in aqueous phase and the quantity transferred to organic phase spectrophotometrically [13] , and calculate distribution ratio (D) , after plot log D vis μg Zn2+ obtain figure 4.
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Figure 4: Effect of Zn2+ concentration on distribution ratio (D) for Zn2+ 

The results shows distribution ratio (D) increase with increasing quantity of Zn2+ in aqueous solutions to reach the optimum quantity which was 50μg with α-NA, 70μg with 4-ABA, 90μg with 4-CMePADPI and 130μg with C222, these quantities push the equilibrium to formation stable anion chloro complex ZnCl4= which is exchange Cl- anion in liquid anion exchanger [HL]+Cl- to produce stable ion pair association complex as in equilibrium blow:
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Quantity of Zn2+ in aqueous solution less than optimum value not available to reach equilibrium, but quantities more than optimum value push the equilibrium to dissociation side according to the Leshatelier principle.
Effect of Shaking Time
5mL aqueous solution contains optimum concentrations Zn2+ and HCl, shaking with 5mL organic solution of ligand dissolved in chloroform shaking beforehand with HCl to produced liquid anion exchanger [HL]+Cl-, and shaking these two layers for different time (2-20minutes), after complete shaking determine the remainder quantity of  Zn2+ in aqueous phase and the quantity transferred to organic phase spectrophotometrically [13], and calculate distribution ratio (D).The graph of logD vis shaking time min. as in figure 5.
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Figure 5: Effect of shaking time on distribution ratio (D) for Zn2+.

The results show optimum shaking time was 10 min. for all ligands.
Effect of Ligand Concentration
Experimental about stoichiometry of ion pair complex extracted for ZnCl4= with different ligand by slope analysis method include 5mL of ligand solution dissolved in chloroform at different concentration (1×10-2→1×10-6M) shaking with HCl solution at optimum concentration to produce liquid anion exchanger [HL]+Cl-, as well 5mL of aqueous solution contain optimum quantity Zn2+ and HCl concentration to form ZnCl4=, shaking these two solutions for 10min., after separate two layers determine the remainder quantity of  Zn2+ in aqueous phase and the quantity transferred to organic phase spectrophotometrically [13], and calculate distribution ratio (D). The graph between log D vis log [ligand] as in figure 6.
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Figure 6: Effect of ligand concentration on distribution ratio (D) for Zn2+.

From the slope values for graphs in figure 6 show clearness the ion pair complex extracted was 1:1:1 cation:ligand:anion whereas the cation was (H+) H+:L:HZnCl4-, so that the lower values of slope give attention about formation of stable spices cannot be extracted with anion exchange and sharing of water molecules in the coordination sphere of complex increase solubility of complex in aqueous solution and dissociation.
Effect of Organic Solvent 
5mL aqueous solutions contain optimum concentrations Zn2+ and HCl to form ZnCl4= shaking with 5mL organic solutions of ligand dissolved in different organic solvent differ in dielectric constant (ε) and at (1×10-4M), which is shaking beforehand with HCl to form liquid anion exchanger [HL]+Cl-, after complete shaking separate organic phase from aqueous phase and determine remainder quantity of Zn2+ as ZnCl4= in aqueous phase and transferred quantity to the organic phase according to spectrophotometric method [13] for each organic solvent used, and calculate free energy of ion transfer (ΔGt) and association constant (KA), extraction constant (Kex) and free energy of extraction (ΔGex) all these results in table 1,2.
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Table 1: Effect of organic solvents with α-NA, 4-ABA
	Organic Solvents
	ε
	-ΔGt
KJ/mol
	α-NA
	4-ABA

	
	
	
	D
	%E
	KA
liter/mol

×104
	Kex
×108
	-ΔGex

KJ/mol
	D
	%E
	KA
liter/mol

×104
	Kex
×108
	-ΔGex

KJ/mol

	NB
	35.74
	0.04
	3.54
	78.00
	2.97
	8.38
	46.43
	6.44
	86.57
	3.47
	19.79
	48.38

	1,2-DCE
	10.65
	0.22
	3.62
	78.40
	3.02
	8.78
	46.54
	11.06
	91.71
	5.63
	58.34
	50.82

	DCM
	9.08
	0.26
	3.80
	79.20
	3.14
	9.66
	46.76
	8.72
	89.71
	4.54
	36.22
	49.74

	CB
	5.708
	0.44
	6.57
	86.80
	4.95
	28.82
	49.23
	9.60
	90.57
	4.95
	43.94
	50.18

	CHCl3
	4.806
	0.53
	2.73
	73.20
	2.43
	4.97
	45.25
	6.14
	86.00
	3.33
	17.96
	48.16

	B
	2.804
	0.93
	4.55
	82.00
	3.63
	13.83
	47.57
	9.93
	90.85
	5.10
	47.02
	50.33

	T
	2.438
	1.07
	4.31
	81.20
	3.47
	12.43
	47.33
	10.29
	91.14
	5.27
	50.42
	50.49

	CCl4
	2.38
	1.10
	4.55
	82.00
	3.63
	13.83
	47.57
	12.46
	92.57
	6.28
	73.94
	51.35


NB=Nitrobenzene,1,2-DCE=1,2-Dichloroethane,DCM=Dichloromethane,CB=Chlorobenzene, CHCl3=Chloroform, B=Benzene, T=Toluene, CCl4= Carbon tetrachloride
Table 2: Effect of organic solvents with 4-CMePADPI and C222
	Organic Solvents
	ε
	-ΔGt
KJ/ mol
	4-CMePADPI
	C222

	
	
	
	D
	%E
	KA
liter/mol

×104
	Kex
×108
	-ΔGex

KJ/mol
	D
	%E
	KA
liter/mol

×104
	Kex
×108
	-ΔGex

KJ/mol

	NB
	35.74
	0.04
	12.23
	92.44
	4.80
	55.44
	50.70
	85.66
	98.84
	21.79
	1881.73
	58.67

	1,2-DCE
	10.65
	0.22
	13.51
	93.11
	5.27
	67.66
	51.15
	99.00
	99.00
	25.15
	2513.07
	59.32

	DCM
	9.08
	0.26
	10.25
	91.11
	4.08
	38.91
	49.90
	71.22
	98.61
	18.16
	1300.66
	57.84

	CB
	5.708
	0.44
	10.53
	91.33
	4.19
	41.13
	50.03
	80.25
	98.76
	20.43
	1651.29
	58.37

	CHCl3
	4.806
	0.53
	15.66
	94.00
	6.05
	90.90
	51.82
	64.00
	98.46
	16.34
	1050.25
	57.35

	B
	2.804
	0.93
	12.63
	92.66
	4.95
	59.13
	50.85
	91.85
	98.92
	23.35
	2163.52
	58.99

	T
	2.438
	1.07
	14.00
	93.33
	5.44
	72.59
	51.31
	75.47
	98.69
	19.23
	1460.46
	58.10

	CCl4
	2.38
	1.10
	13.06
	92.88
	5.10
	63.19
	51.00
	99.00
	99.00
	25.15
	2513.07
	59.32


NB=Nitrobenzene,1,2-DCE=1,2-Dichloroethane,DCM=Dichloromethane,CB=Chlorobenzene, CHCl3=Chloroform, B=Benzene, T=Toluene, CCl4= Carbon tetrachloride

The results shows there is not any linear relation between distribution ratio (D) and dielectric constants (ε) for organic solvents used, that is mean participation of organic solvent in the formation of stable ion pair complex extracted, as well the results there are different suitable organic solvent with ligand used.

Effect of KCl & NaCl Concentrations
Aqueous phase 5mL in volume contain optimum concentrations Zn2+ and different concentration of KCl or NaCl (0.1→1.5M), also 5mL solution of ligand dissolved in chloroform shaking with HCl to form liquid anion exchanger [HL]+Cl-, after that shaking aqueous phase with organic phase for 10min. subsequently separate organic phase from aqueous phase and determine quantity of Zn2+ remainder in aqueous phase and transferred to the organic phase spectrophotometrically [13], at last calculate distribution ratio (D) at each concentration of KCl, NaCl. The graph of logD against log [KCl] or log [NaCl] as in figures 7, 8.
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Figure 7: Effect of KCl concentration on distribution ratio (D) for Zn2+.
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Figure 8: Effect of NaCl concentration on distribution ratio (D) for Zn2+.
The results shows distribution ratio (D) values for all KCl, NaCl concentration was less than values in the presence of HCl and an absence of KCl, NaCl. That is reflecting the formation of ZnCl4= need acid media of HCl.
Effect of IA and IIA Cations on the extraction of Zn2+ by C222
 Take 5mL aqueous solutions contain optimum quantity of Zn2+ and HCl to form chloro complex anion ZnCl4= also contain cations Na+, K+, Mg2+ and Ca2+ at different concentration of (0.1→1.5M), as well as organic solution for Cryptand C222 dissolved in chloroform shaking with fixed concentration HCl to form liquid anion exchanger [HC222]+Cl-, shaking organic phase with aqueous phase for 10min. after that separate these two layers and determine quantity of Zn2+ remainder in aqueous phase and transferred quantity to the organic phase spectrophotometrically [13], and calculate distribution ratio (D) at each concentration of ion. The graph of log D vis log [cation] as in figure 9.
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Figure 9: Effect of IA & IIA cations on distribution ratio (D) for Zn2+.
The results shows the optimum concentration of cation to give higher distribution ratio (D) was 1M for Na+ and K+ but 0.5M for Mg2+ and 0.3M for Ca2+, that is competition between H+ and cations in aqueous solution to form liquid anion exchanger [HC222]+Cl- but the fitting combination between metal cation with Cryptand molecules to produce more stable liquid anion exchanger [M+C222] Cl- , [M2+C222] 2Cl- as in the equilibrium below:-
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The results shows also K+ and Ca2+ at optimum concentration giving higher distribution ratio (D) because the ionic radius of these ions giving very good fitting with C222 molecules and this effect to increase the stability of liquid anion exchanger and ion pair association complex extracted with ion exchange method.
Effect of Transition Metals Cations on the extraction of Zn2+ by             4-CMePADPI

5mL aqueous solutions of Zn2+ contain optimum quantity with  HCl and different concentration of  Cu2+ or Ni2+ (0.1→1.0M), shaking with 5mL of 4-CMePADPI dissolved in chloroform at (1×10-4M) beforehand shaking with HCl, after that shaking organic phase with aqueous for 10min. , then separate these two layers and determine quantity of Zn2+ remain in aqueous phase and transferred to organic phase spectrophotometrically [13], at last calculate distribution ratio (D) at each concentration of cation. The graph of logD against log [cation] as in figure 10.
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Figure 10: Effect of transition metals cations on distribution ratio (D) for Zn2+.
The results shows presence of Cu2+ or Ni2+ in aqueous solution giving enhancement in distribution ratio (D) and 4-CMePADPI molecule favorite Cu2+ or Ni2+ more than H+ to form liquid ion exchanger [Cu2+(4-CMePADPI)]2Cl-, [Ni2+(4-CMePADPI)]2Cl-, the high stability of these anion exchanger giving high qualification of ion exchange to produce high stable ion pair complex effect to increase distribution ratio (D).
Effect of Methanol

Aqueous solution 5mL in volume contain fixed quantity of Zn2+ with HCl and different concentration of methanol (0.05→0.6M), shaking with 5mL solution of 4-ABA dissolved in chloroform at (1×10-4M), which in advance shaking with HCl to form liquid anion exchanger [HL]+Cl-, after complete shaking separate the two layers and determine quantity of Zn2+ remainder in aqueous phase and transferred quantity to the organic phase spectrophotometrically [13], and calculate distribution ratio (D). The graph of log D vis log [Methanol] as in figure 11.
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Figure 11: Effect of Methanol on distribution ratio (D) for Zn2+.
The results shows optimum value of methanol concentration giving higher distribution ratio (D) was 0.4M and existence of methanol in aqueous phase increase distribution ratio (D) because help to destroy the hydration shell of H+ and increase the ability of association.
Effect of Temperature

5mL aqueous solutions contain optimum concentrations of Zn2+ and HCl , also 5mL solution of ligand dissolved in chloroform at (1×10-4M) , shaking with HCl to form liquid anion exchanger [HL]+Cl- in organic phase then shaking aqueous phase with organic phase for 10min. at different temperature (5-60°C), afterward separate these two layers and determine the quantity of Zn2+ remain in aqueous phase and transferred to organic phase by spectrophotometric method [13] , at last calculate distribution ratio (D), then calculate extraction constant (Kex) according to the relation below:
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     The results shows anion exchange reaction with α-NA and C222 was exothermic reaction but endothermic with 4-ABA and 4-CMePADPI. The graph of log D vis 1/T°K and log Kex vis 1/T°K give figure 12, 13.
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Figure 12: Effect of Temperature on distribution ratio (D) for Zn2+.
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Figure 13: Effect of Temperature on distribution ratio (D) for Zn2+.
From the slope value of figure 13 calculate enthalpy of extraction ΔHex according to relation below:-


[image: image50.wmf]Slope= 

-

D

H

ex

2.303 R


And from Kex values calculate ΔGex from the relation:-

ΔGex= -RT ln Kex

And calculate entropy of extraction ΔSex from relation:-

ΔGex= ΔHex – T ΔSex

Obtain the results in table 3:-
Table 3: Thermodynamic data

	Ligand
	ΔHex
KJ/mole-1
	ΔGex
KJ/mole-1
	ΔSex
J.mole-1 .K-1

	α-NA
	-0.0088
	-43.57
	156.69

	4-ABA
	0.0060
	-53.40
	160.37

	4-CMePADPI
	0.0095
	-55.63
	167.08

	C222
	-0.0098
	-48.61
	174.82


The results show the reaction was entropic in region and temperature was not change of ion pair complex extracted according to liquid ion exchange.
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