IBN AL- HAITHAM J. FOR PURE & APPL. SCI. VOL.24 (2) 2011

Separation and Extraction Micro Amount of Cadmium (II)
and Mercury (II) with Liquid Anion Exchange Method

S. K. Jawad , S. M. Hameed
Department of Chemistry, College of Education for Girls ,Kufa University
Received in : 13 December 2010

Acceptedin : 12 April 2011

Abstract

For extraction chloro anion complexes of Cd”>" and Hg2+ used many organic agents as
extractant according to liquid ion exchange method such as a-Naphthyl amine (a-NA), 4-Amino
benzoic acid (4-ABA), 2-[(4-Carboxy methyl phenyl) azo]-4,5-diphenyl imidazole (4-
CMePADPI) and Cryptand (C222). This study includes definition hydrochloric acid
concentration in aqueous phase and shaking with organic phase necessary for extraction as well
as shaking time, organic solvent effect, interferences and alkaline salt effect. Thermodynamic
showed the ion exchange reaction was exothermic for a-NA, C222 and endothermic for 4-ABA,
4-CM ePADPI for extraction CdCl, , but for extraction HgCl,  was exothermic with 4-ABA, 4-
CMePADPI and C222 but endothermic with a-NA. In addition stoichiometry showed the ion pair
complex extracted was 1:1:1 Cation: Ligand: Anion.
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Introduction

Zn>" was extracted from chloride ion media with (TPP) and the definition of all parameters
effect on extraction method[1], Au’" was extracted from hydrochloric acid media with amine
alamine304 [R3N+H,Cl'] in Xylene, and calculate distribution ratio for complex R;N"H,AuCly
[2]. Different new liquid ion exchange [Ethylene bis (trioctyl phosphonium)](EBTOP) used for
extraction of Pb2+, Cu2+, Cd2+, Zn*" as well as Fe’" and In3+[3]. Hg2+ was separated from 0.5M
acetic acid by Aliquat 336S as liquid ion exchange, and extracted species was [2R;N;
Hg(OAC), ], this method suitable for separation from Zn, Cd, Ni, Co, Cu, Bi,Mn [4]. Zn, Cd and
Hg were extracted from chloride and sulphate media by solvation and liquid ion exchange
methods and studied the extracted species [5]. H g2+ extracted as chloro complexes anion by
different high molecular weight amines and tetra ammonium salts with distribution the effective
parameters and extracted species[6], Cd*" extracted from sulphate media by di(2-ethyl
hexyl)phosphoric acid (D2EHPA) dissolved in Toluene, at pH=5-6 and 0.1M of reagent in
Toluene [7].
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The present study was undertaken to investigate the effect of various extraction parameters
on the extraction of Cd(Il) and Hg(Il) as chloro complex from hydrochloric acid media by (a-
NA),(4-ABA), (4-CM ePADPI) and (C222) parameters studied include the effect of hydrochloric
acid concentration, metal concentration, foreign ion and temperature of extraction, organic
solvent.

Experime ntal
Apparatus

For absorbance measurements shimadzu UV-1700 spectrophotometer is used with lcm quartz
cells (Japan), pH- measurements were carried out using WTW, listed 8F93(Germany), for
shakingused H'Y-4 vibrator with AD just about speed multiple(Italy).

Reagents

A standard stock solutions Img/mL for Cd*" and H g2+ was prepared by dissolving drier
(0.1631 gm) of CdCl, and (0.1354 gm) of HgCl, [Fluka] in 100mL distilled water contain 1mL
HCI concentration in volumetric flask, other working solutions prepared by a?propriate dilution
of the stock solution with distilled water. Stock solution of dithiazone (1x10™ M) was prepared
by dissolving (0.0256 gm) in 10mL carbontetrachloride in volumetric flask, working solution
(IXIO'4 M) was prepared instantaneously by dilution with CCl,. Standard solutions of different
ligand prepared by dissolving weighed quantities of each one in chloroform.

General extraction procedure

Shaking fixed volume of ligand solution with HCI solution at optimum concentration in
order to conversion ligand to liquid anion exchanger, as well aqueous phase contains suitable
concentration of HCI to formation chloro anion complex for metal ion, after that shaking organic
phase with aqueous phase to exchange small anion CI in liquid anion exchanger with chloro
complex in aqueous phase as in the equilibria below:-

nl;,.,

FH by +Cl g === H L,Cl 4y oeorrrreee. (1)

[r—

H'L,CI . +X H L, X g + Cl 4y

aq.

L= a-NA, 4-ABA, 4-CMePADPI, C222
X = CdCl,~, HCdCl, ,HgCl,, HeCly,HHgCI,

Afterwards determined reminder quantity of metal ion in aqueous solution and transferred
quantity to organic solution at later calculate distribution ratio (D), according to dithiazone
method [8].

Results and Discussion
Effect of HCI Concentration in Aqueous Solutions

The concentration of HCI in aqueous solutions at range (0.1-3.0M), the concentration of HCI
shaked with ligand solution was 1M to forming liquid anion exchanger, the obtained results,
reported in figure (3).
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Effect of HCI Concentration on liquid ion pair formation

At optimum concentration of HCI for each ion in aqueous phase and organic phase of each
ligand shaking with HCl solution in different concentrations (0.1-3.0M), the obtained results in
figure (4).

Effect of Metal ion Concentration

Organic phase of ligand shaking with HCI optimum concentration, this organic phase shaking
once again with aqueous solutions contain cd™ (5-100pg) and ngJr (5-150pg) at optimum HCl
concentration, the results as in table (2) and figure (5).

Study about shaking time necessary for extraction, taken different times for shaking (2-
20min), the obtained results, reported in table (3).

The stoichiometry of the probable extracted species was determined on the basis of slope
analysis method by plotting logD versus log[L] graph and giving strait line relation with slope
value demonstrate the stoichiometry of ion pair complex extracted was 1:1:1 [HL'JHCACl,,
[HL JHHgCl,, [HL ]HgCl;", the results as in table (4).

Organic solvent effect on extraction method illustrates there is not any linear relation between
dielectric constant (&) of organic solvents and distribution ratio (D), obtain table (5).

Effect of electrolyte salt on distribution ratio investigated by use KCIl and NaCl salts at
different concentrations, the results show there is optimum concentration of electrolyte salt
solution giving higher distribution ratio (D) as in Figure (7,8).

Extraction of CdCl, and HgCl, according to liquid anion exchange by C222 and 4-
CMePADPI in foundation of cations appear interferences with hydrogen ions, these study and
results shown the cations Na", K, Mg2+ and Ca”" restrict the chloro complex anion CdCl, and
HgCl, and decline distribution ratio by using C222 and transition metal cations Cu®™, Ni*" could
not give stable coordination complex cation with 4-CMePADPI in acidic media because the
protonation of 4-CM ePADPI in acidic media decrease the chance of binding with Cu™", Ni*" ions.

The study about temperature effect shows the reaction of anion exchange was endothermic for
CdCl; with 4-ABA and 4-CM ePADPI but exothermic with a-NA and C222, and the extraction
of HgCl, was endothermic with a-NA but exothermic with 4-ABA, 4-CMePADPI, C222.
Obtained results in table (6) and figure (8).And thermodynamic data for extraction demonstrate in
table (7).

K, = s 3)
[HMC[4]aq, [Ljorg.
_AHex
Slope= D303 R. e %)
AGo=-RT In K, vtvee e ()

AGp=AH,,—T A4S, ..o e (6)
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Table (1): Sandyl Sensitivity

Cd Hg

. 4-
Ligand a-NA 4-ABA 4-CMePADPI C222 a-NA 4-ABA CMePADPI C222

S pg/mL | 0.065 0.18 0.2 0.81 0.055 0.043 0.15 0.21
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Table(2):Effect of Metal ion concentration on distribution ratio (D)

D Cd D Hg
ZEg 2+ 4- 4- 4-

(CAHED | aNA | ypa | cvepaDpr | €222 | @-NA | 4-ABA | cyipappy | €222
5 No.Ex.| 0.78 0.56 2.12 | No.Ex. | .No.Ex No.Ex. No.Ex.
10 0.42 2.12 1.27 4.55 | No.Ex. | .No.Ex No.Ex. 0.47
20 1.17 3.76 2.56 9.52 0.29 0.06 0.53 1.85
30 1.77 5.81 4 14 0.82 0.54 1.34 2.94
40 2.57 7.69 4.71 18.04 1.22 1.02 2.12 4.31
50 4.55 115 7.92 49 1.45 1.47 3.23 6.14
60 3.83 9.34 5.26 25.08 1.97 1.88 3.61 6.87
70 2.5 4.38 4.88 21.74 2.3 2.27 4.3 7.25
80 1.7 3.12 4.37 19.05 2.47 2.66 4.88 8.3
90 1.36 1.5 4.06 16.29 2.54 3.16 5.92 8.58

100 1.22 1.22 3.84 1412 3.03 2.62 6.63 9.99
110 - - - - 3.1 - 7.2 12.41
120 - - - - 3.51 - 7.69 12.95
130 - - - - 3.85 - 8.92 10.76
140 - - - - 4.26 - 8.58 9.42
150 - - - - 4.1 - 8.37 7.39
Table (3):Effect of shaking time on distribution ratio (D)
Time a 4 > Cd4 o 4 > Hg4
(min.) NA | ABA | CMePADPI an NA | ABA | CMePADPI an
2 0.82 | 4.81 4.55 10.36 | 3.82 | 3.01 8.02 11.76
5 1.52 | 5.94 5.09 20.01 | 4.07 | 3.12 8.55 14.78
10 455 |11.5 7.92 49 |(4.26 | 3.16 8.92 12.95
15 [2.67 | 2.78 5.57 26.77 | 4 |3.78 8.28 11.5
20 1.74 | 1.68 3.7 9.41 (3.72 | 3.63 7.9 10.76
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DcCd D Hg
o NA | 4-ABA | 4 I 22 NA | 4-ABA | 4 I
of [L] o ! - | cMePADPI | o ! - | cMmeraADPI |

D Slop D Slop D Slop D Slop D Slop D Slop D Slop D
i (9 (9 (3 (9 e (9 e
2 49.1 31.6 832. 13.9 20.0
i 6 3 3 S S ot SR N S N N
3 37.8 22.5 662. 126 19.0
R el 2| 9 4 Bihct B oot S TN S N
3 24.6 155 251 10.8 17.2
Lo Rt 8| 2 4 Tt S s T A O R
5x10* | 509 173;5 "3-5 1564- 478 417 10.2 1%1
4 18 T o 8 oo ® - 5 I~~~ 5 a7 8
x0* 1455 | § 1115 | 2 17021 @ 49 S la26 ! 8 13781 8 18921 3 s e
_ o Y I Y [— R [— T (= o > __. o
5x10° 1| 443 9.14 6.56 3%8 396 368 8.54 129
1X10° | 38 599 436 11.8 345 336 727 1297
5x10° | 362 525 34 757 321 32 6.82 1%3
L 1x10° | 346 | ! 308 | ! 203 ! ! 331 | | 284 | | 208 | | 57 | | 1%9 '
L 1 1 1 1 L ] 1 1 1 1 1 1 1 1 1 1

Table (4): Effect of ligand concentration on distribution ratio (D)

Table (5): Effect of organic solvents on distribution ratio (D)

D Cd D Hg
Organic Solvents €

0o-NA | 4-ABA | 4-CMePADPI| C222 | a-NA | 4-ABA | 4-CMePADPI | C222
Nitrobenzene 35.74 | 233 354 792 11.5 566 278 948 15.21
1,2-Dichloroethane | 10.65 | 594 237 9 26.77 | 5.08 435 8.7 16.64
Dichloromethane 9.08 247 197 5.09 24 525 405 9.83 15.9
Chlorobenzene 5708 | 242 8.61 6.81 21.72 | 5.08 3.83 8.15 16.14
Chloroform 4806 | 455 11.5 792 49 426 3.78 892 14.78
Benzene 2804 | 165 168 468 22.8 548 316 766 15.66
Toluene 2438 | 346 184 8.61 19.83 | 493 345 842 14.58

Carbontetrachloride | 2.38 168 252 9.41 1215 | 514 5 8.28 1
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Table (6): Effect of Temperature on distribution ratio (D)
Cd Hg
T°C
a-NA 4-ABA 4-CMePADPI 222 a-NA 4-ABA 4-CMePADPI 222
K Ko K K Ko Ko Ko Ko
b x10’ b x10° b x10’ b x10° b <100 | P | 100 b x10° b x10°
5 657 | 074 | 877 | 099 594 | 067 | 124 | 1409 [ 324 | 231 | 469 | 052 | 1226 | 95 | 1661 | 1384
10 | 594 | 067 | 941 | 107 635 | 072 99 1125 | 34 | 243 | 448 | 05 | 11.74 | 91 16 13.33
15 | 541 | 061 10 | 113 693 | 078 | 8233 | 935 | 36 | 257 | 417 | 046 | 106 | 822 | 1554 | 1295
20 | 495 | o056 | 104 | 118 733 | 083 | 615 | 698 [ 392 | 28 4 | 044 | 965 | 748 | 1529 | 1274
25 | 455 051 | 115 | 13 792 | 09 49 556 | 426 | 304 | 378 | 042 | 892 | 691 | 1478 | 1232
30 | 431 | 049 | 122 | 138 825 | 093 | 4066 | 462 | 446 | 319 | 363 | 04 | 842 | 652 | 1445 | 1204
40 | 371 | o042 | 137 | 155 941 | 107 | 3025 | 343 | 498 | 355 | 341 | 038 | 755 | 585 | 1388 | 11.57
50 | 331 | 037 | 146 | 166 | 1036 | 117 | 1983 | 225 | 542 | 387 | 312 | 035 | 683 | 529 | 1328 | 11.07
60 | 303 | 034 | 157 | 178 115 | 13 | 1566 | 178 6 | 428 | 298 | 033 | 647 | 501 | 1255 | 1046
Table (7): Thermodynamic data
Cd Hg
AS
Ligand AH,, AGey (J.mole™ K AS,, (Jmole™
(KJ.mole™) | (KJ.mole™) h AH,, (KJ.mole") | AG,, (KJ.mole™) K™
o-NA -0.0107 -46.15 165.96 0.0085 -53.80 161.58
4-ABA 0.0083 -57 .66 17317 -0.0063 -45.38 163.21
4-CMePADPI 0.0091 -56.81 170.62 -0.0085 -46.72 168.02
C222 -0.0028 -52.81 190.06 -0.0041 -47.57 17112
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Fig. (2):Calibration curve of Hg(Il)
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Fig.(3): Effect of HCI concentration in
aqueous solutions on distribution ratio (D) -
[Cd™ g, [HE™"]0y=50pg/5Sm L, [ Ligand|=1x10°
M in CHCl;

Fig. (4): Effect of HCI concentration on
liquid ion exchanger formation-[Cd2+]aq_,
[Hg*'],,=50pg/5mL, [Ligand]=1x10"*M in

CHCIl,
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Fig. (5): Effect of Cd(II), Hg(II) ions Fig. (6): Effect of KCI concentration on
concentration extraction of Cd(Il), Hg(ID).
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Fig. (7): Effect of NaCl concentration on Fig.(8): Temperature effect on the extraction
extraction of method of Cd(II), Hg(II).
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