Extraction of Zn(l1) by use 2-[4-chloro-2-Methoxy phenyl azo]-4,5-

diphenyl imidazole

Shawket K. Jawad Zainab A. Muttalib
Dept. of Chemistry, College of Education Dept. of Chemistry, College of Education
for girls for girls
Kufa University, Al-Najaf, Iraq Kufa University, Al-Najaf, Iraq

Ao, ¢ —[ 5] Juid S gfia— Y- g els— €] Y NG Jlaxiady (1) GuayA) padlaiu)

Jdlasal Jaid
qlball Lo by Asa aBlS gl
il 4 ) A0S cplansl) anid Ll Ay 1 A0S cplraisl) and
Gload) ¢ caadll (48 g<l) daala Gload) ¢ Caadll (4 g<l) daala

-

Oma)All ciligy) (adAdu) af 88 dage cliglhs LJEDY) aliall aa g3 @liSyal adesl) LulE0) Ao aladiuly

~0, 6~ 931 Ui ausgiaa— Y- g ol £]- Y WIS Jlasiuly gl bl Siae Al o culally padadu) 43k 70
Ona)adl clis GadAiul PHey dpdaalal) Aall L) Ladll of cogsl Laplall . (4-CIMePADI) Jgjlasal Jib A
80 png s ilal) Jslaall b ZNn%" cua)al clisgh Jial) 5880 ol diis L (pH = 8) cils Alal) Jstaal) (e ZN**
dahal) G (ALY Alad LSal) cuilall ¢ (D) gisil) dpeadd dad ol i il (1.23%107 M) Jalay Ly
gsand) cudall al Jea Aahall Wi (Aady 15 ) culs Lleaiuall gouanlly Al Gapshall Bl 2l o) o) ol
Al il gty (D) GadAia) quud add o Lot ABe 4 2 g3 Y AJ) gl g padlAia) cliles b Jaxiual)
Al qila e (o) Ll o gadnl) cudall qusil 8 dlin o cadgl i () daddiual) 4ygandl cilylall
alish paliiual sl hldll sedd Yidal Y QS @) caudagl paliiuall el al e s Aa)s olb

-1-



land Sualingefil) cuilall e Wi .[ZN(4-CIMePADI),)* (Metal : ligand) (1 : 2) s Zn™" gmajlal
oale Jolii s (4-CIMePADI) Sslll 5 Zn?" o)Al cilisd o el Jolis of Aahall cuy J88 (adasuwy)

.endothermic §),a!

Abstract:

By use complexation selectivity for azo compounds with transition metal elements as cations in
aqueous solutions, extracted Zn(ll) ions by solvent extraction method as ion pair complex by
using 2-[4-chloro-2-Methoxy phenyl azo]-4,5-diphenyl imidazole [4-CIMePADI]. The study shows
the optimum pHex for extraction of Zn*" ions from aqueous solution was (pHex = 8), also the
optimum concentration of Zn?* ions in aqueous solution was (80 pg /10 mL) (1.223x10™M) which
is giving higher distribution ratio (D), in side of kinetic for extraction method the study shows
that the optimum shaking time for the two layers was (15 min.), the study about effect of organic
solvent used in extraction method demonstrate there is not any linear relation between
distribution ratio (D) and dielectric constant of organic solvents used as well as shows the effect
of organic solvent structure on the extraction method, from other hand the stoichiometric study
shows the more probable structure of ion pair complex extracted for Zn?* ions was (1 : 2) (metal :
ligand) [Zn(4-CIMePADI),]**(CI"),, thermodynamic study illustrated the complexation reaction
between Zn?* ions and ligand [4-CIMePADI] was endothermic.

Key word: Solvent extraction, Zinc.

1. Introduction:

The extra ordinary applications of azo compounds as reagents for complexation with different
metal cations open the door about another application for spectrophotometric determination of
metal cations in aqueous phase, this compounds have attracted much attention as analytical
reagents owing to the high sensitivity and selectivity. Fan et al [1998] synthesized azo compound
for spectrophotometric determination of Ni** ions [1]. Mohamed et al [2001] studied
complexation of Zn(Il) and Cd(11) with 2-[2-benzimidazolylazo]-4-acetamidophenel.[2] Beniamin
et al [2003] studied comparison of the extraction process of Zn(Il) and Ni(ll) complexes with 1-
octylimidazole and 1-octyl-2-methylimidazole [3]. Lenarcik et al, [1979] studied the optimum
conditions for extraction of Co(ll), Ni(ll) and Zn(ll) by 1-methylimidazole and 2-

methylimidazole [4]. Lenarcik and Glowaki [1979] studied the comparison for extraction of
-2



Co(ll), Ni(Il) and Zn(l1) by 1-ethyl imidazole and 2-ethyl imidazole [5]. Lenarcik and Rauekyte
[2002] studied the effect of alkyl chain length on the stability and extraction properties of Ni(ll)
by 1-alkyl imidazoles [6]. Lenarcik and Kierzkowska [2002] studied the effect of alkyl chain
length on the stability and extraction properties of Zn(l1) by us 1-alkylimidazoles [7].Ruijuan et
al [2006] synthesis chiral complex of Zn(ll) with imidazole derivatives and amino acid ester
derivatives. [8]. Ibolya [2002] studied complexes of Cu(ll), Zn(Il), Ni(Il) with imidazole ligands
and inositol derivatives [9]. Ibrahim et al [2006] synthesis a new imidazole ligand benzo [15-
crown-5]-1H-imidazole [4,5-f] [10] phenanthroline (bip) and studied it complexes with Co(ll),
Ni(I1) and Cu(l1) [10]. Wemjiany et al [2002] studies the effect of antifungal imidazole derivatives
for inhibition cytochrome Pgso [11]. Reginaldo et al [2001] studied the complexes of Ruthenium
and Iron with Benzotriazole and Benzimidazole derivatives [12]. Grabmann et al [2005] studied
series of imidazole derivatives as a Noval Class compounds with inhibitory Histamin N-Methly

transfere and Histamin hH3 Recepter [13].

2. Experimental:

All reagents and solvents were obtained from commercial sources and used as received,
absorption and spectrophotometric measurements were made using a single beam UV-Visible
spectrophotometer  (Shimadzu-UV-100-02) and double beam UV-1700UV-Visible
spectrophotometer Shimadzu. pH measurements were carried out using (Ascott Gerasle) pH —
meter model 820 as well as Lege unicam sp® — 2001 Infra red spectrophotometer and C.H.N

FA1108 Elemental analyzer.

2.1. Preparation of Solution:

Stock solution 1mg/mL of Zn®* ions was prepared by dissolved 1gm from element in 15mL of
dilute hydrochloric acid HCI 1:1 and then complete the solution to 1L of distilled water in
volumetric flask, all other working solution were prepared by dilution with distilled water.
Buffer solution pH = 5 for determination Zn?* ions in aqueous phase was prepared by dissolved
50gm of un hydrous sodium acetate and 30gm of glacial acetic acid in distilled water by use 250
mL volumetric flask . Sodium thiosulphate solution 10% concentration by dissolved 10gm of
sodium thiosulphate and complete to 100 mL distilled water by use volumetric flask. Stock
solution of (1x10%M) dithiazone was prepared by dissolved 0.05232gm of dithiazone in 10 mL

carbontetrachloride CCIl, by use volumetric flask, and other working solutions prepared by
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dilution with CCl,. Stock solution of ligand 4-CIMePADI of 1x10°M was prepared by dissolved
0.3885gm of ligand in 100 mL of chloroform by use volumetric flask, other working solutions of
ligand prepared by dilution with chloroform.

2.2. General Procedure:

Extraction experiments to relay on take of aqueous phase contain fixed quantity of Zn** ions
to make at pH at optimum pH, after that adding 10mL of ligand solution at fixed concentration
and shaking the two solution for suitable time, afterward separate the two layers and determine
the remainder quantity of Zn*" ions in aqueous phase and transferred quantity of Zn® ions into
organic phase to form ion pair complex with ligand to determination the remainder quantity of
Zn*" ions in aqueous phase follow spectrophotometric determination method [14], by taking the
aqueous phase and to make pH (2-3) by adding 2mL of buffer solution, also 2mL of thiosulphate
solution afterward shaking the solution with many portions of 1x10™*M dithiazone solution until
the last portion don’t change its green color, collect the portions in 10mL volumetric flask
shaking with 5mL dilute ammonium solution to remove un reacted dithiazone and complete the
volume to 10mL by CCl,, at last determine the absorbance of this solution at Amax=538 nm by
using CCl, as blank solution, from the calibration curve figure (1) determine the remainder
quantity of Zn®" ions in aqueous phase. To determine Zn®" ions in organic phase, shaking organic
phase with three portions of nearly concentration hydrochloric acid and collects the aqueous
phase and determines Zn?* ions as in the previous method [14]. Afterward division the quantity

of Zn** ions in organic phase on its quantity in aqueous phase to determine distribution ratio (D).

2.3. Preparation of Ligand (4-CIMePADI):

To prepare imidazole derivatives added 100 mL of glacial acetic acid to mixture of 4.2gm

Benzil and 0.52gm of hexamethylemtetramine and 12gm of ammonium acetate, and reflex for 1
hour, after chilling added 400mL of distilled water, afterward precipitate imidazole derivative by
addition of 0.88N ammonium hydroxide, after completed the precipitation filter the precipitate
and wash it by distilled water, recrystalized the product in pyridine. For produce diazo
compound or diazonium salt, prepare amine solution by dissolved 1.57gm of 4-chloro-2-methoxy
aniline in 150mL ethanol, also prepare sodium nitrite solution by dissolved 2gm in 150mL of
distilled water and added to it 15mL of dilute hydrochloric acid HCI 1:1 drop by drop, needly

prepare alcoholic sodium hydroxide solution by dissolved quantity of NaOH in solvent of (15 mL
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alcohol + 10 mL distilled water), after that mixing the nitrite solution with alcoholic sodium
hydroxide, afterward added this mixture drop by drop to the amine solution with chilling to
lower than 5°C to produce diazonium compound, the last step to produce the ligand 4-CIMePADI
was to solution of imidazole product added diazonium solution drop by drop with chilling to

(-5°C), washing the precipitate with distilled water and recrystalized in (ethanol : water).

2.4. Spectrophotometric Studies:

For detect the structure of ligand prepared (4-CIMePADI) by spectrophotometric studies, UV
— Visible spectra shows three peaks, one at (233 nm) for electronic transition (m — a*) for
imidazole ring [15], the second at 299 nm for electronic. Transition (x — &*) for benzene ring, the
third peak at (442 nm) for Internal charge transfer (n — z*) this results identify with previous
studies. Infra red spectra shows many peaks for stretching vibration for functional groups,
strong peak at 3350 cm™ for(N—H) group in imidazole ring [15], there weak peaks appear at
positions 3050 cm™, 2995 cm™, 2885 cm™ to (C—H) aliphatic, aromatic and etheric [15,16], in
position 1600 cm™ appear strong peak for (C=N) to imidazole ring, imidazole group shows two
middle peak at 1450cm™, 1480cm™ but the peak appear at (700 cm™) belong to (C—CI) group.
Elements analysis shows the percentage of elements in ligand molecule identify with theoretical
(C = 67.95%) (H = 4.37%), (N = 14.4%).

Ph N
]I \>—N=N cl
Ph N
| o
H e,

2-[4-Chloro-2-methoxy phenyl azo]-4,5-diphenyl imidazole

3. Results and discussion:

3.1. Effect of pH:
Extraction of (50pg) Zn®" ions (7.6 x 10° M) in 1 mL aqueous phase at different pH (3 — 10) by

10mL of ligand solution (1x102 M) 4-CIMePADI dissolved in chloroform at room temperature
after shaking two phases for suitable time, separate aqueous phase from organic phase and
determine distribution ratio (D) according to previous method illustrated in general procedure.

The results in table (1) and figure (2) demonstrate the optimum pHey for extraction of Zn®* ions

-5-



from aqueous phase was (pHe=8), and the pH values lower than optimum value effect to
protonated ligand molecule and minimizing the extraction ability and decrease distribution ratio
(D), but pH value rather than optimum value effect to produce many stable species for Zn®" ions
such as Zn(OH); , Zn(OH),* [17] which is stable in aqueous phase and can not be extracted, as
well as giving ion pair complex contain (OH") as anion more soluble in aqueous phase and effect
to decrease distribution ratio (D) also.

Table (1): Effect of pH on the extraction of Zn* ions

pH 3 4 5 6 7 8 10
D 1.66 5.25 13.28 22.38 39.0 49.0 13.29
%E 62.4% 84% 93% 95.7% 97.5% 98% 93%
1.8 1
16 1 y =0.074x + 0.045
< 14 A R2=0.994
- 1.2 A
e 1 A
3 08 A
2 06 -
< 04 1
0.2 A1 24 - .
0 1 € ug Zn“"ions in 10 mL aqueous phase
0 5 10 15

Figure (1): Calibration curve for extraction of Zn®" ions

4 5 6 7 8 9 10 11 12
pH

Figure (2): Effect of pH on the extraction of Zn?* ions



3.2 Effect of Metal lon Concentration:

Extraction different concentrations of Zn?* ions in (10mL) aqueous phase at (pH = 8) was
carried out by (10mL) of ligand solution (4-CIMePADI) dissolved in chloroform at (1x10™* M)
concentration after shaking the two layers for a suitable time separate aqueous phase form
organic phase and then determine the quantity of Zn®* ions in each phase after that calculate
distribution ratio (D) and percentage of extraction (E) according to previous method as in the
general procedure. The results in table (2) and figure (3) illustrated 80 pg (1.223x10* M) Zn**
ions was the optimum concentration value which is giving higher distribution ratio (D) and
percentage of extraction (E), according to thermodynamic equilibrium for complexation reaction
as distinct below:

Zn?* + (4-CIMePADI) + 2CI =====—===[Zn(4-CIMePADI),** (CI),
aq. org. aq. org.

according to above equilibrium the concentration of Zn?* ions less than optimum value don’t
allow to reach the equilibrium but concentration higher than optimum value effect to decrease
distribution ratio (D) by reason of dominate the dissociation equilibria according to lechateier
principle. And then all concentration less or more than optimum value giving decrease in
distribution ratio (D) and percentage of extraction (E), from other hand optimum value giving
good and strong complexation binding to produce more stable ion pair complex may be contact

ion pair (tight ion pair) or solvent separated ion pair (loose ion pair).

Table (2): Effect of Zn®" ion concentration of extraction method

ngzn | 10 20 30 40 50 60 70 80 90 | 100

D 0.15 0.39 1.99 4.56 8.34 12.59 | 16.22 19 6.31 4

%E 13.04% | 28.05% | 66.55% | 82.01% | 89.29% | 92.64% | 94.19% | 95.06% | 86.32% | 80%
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Figure (4): Effect of Zn*" ions concentration on the extraction method

3.3 Effect of Shaking Time:

To study the effect of kinetic side on the extraction of ion pair association complex for Zn%*
ions. Extracted 80pg (1.223 x10* M) Zn*" ions in 10mL aqueous phase at pH = 8 by 10mL of

(1x 10" M) ligand solution 4-CIMePADI dissolved in chloroform, after shaking the two layers for
different time (10—25 min.). Separated two layers and determine the quantity of remainder Zn*
ions in aqueous phase and in organic phase to form the complex by application method in general
procedure, and then determine distribution ratio (D) and percentage of extraction (E). The
results in Table (3) and Figure (4) shows the suitable shaking time for extraction Zn?* ions which
is giving higher distribution ratio (D) was 15 min., this time allow to reach the equilibrium and
produce stable ion pair complex, shaking time less than optimum value not allow to reach
equilibrium and minimizing distribution ratio (D) as well as shaking time more than optimum

value effect to dominate the dissociation equilibrium and decrease distribution ratio (D).

Table (3): Effect of shaking time on extraction of Zn?* ions

Time (min) 5 10 12 15 17 20 25
D N.E 8.5 12.59 19 13.8 7.4 4.3
%E N.E | 84.5% | 92.64% | 95% |93.24% | 88.1% | 81.1%
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Figure (3): Effect of shaking time on the extraction of Zn?* ions

3.4 Effect of Organic Solvent:

According the sensitivity of solvent extraction method and ion pair association complex

produced to the organic solvent used in this method, Extracted 80 pg (1.223x10™* M) Zn*? ions in
10mL aqueous phase at pH=8 by 10mL of organic solution contain ligand 4-CIMePADI dissolved
in different organic solvents differ in dielectric constant at (1x10° M) concentration, after
shaking the two layers for 15 min., separate the organic phase from aqueous phase and
determine the remainder quantity of Zn*" ions in aqueous phase and in the organic phase to
determine the distribution ratio (D) and percentage of extraction (E) according to the previous
method as distinct in general procedure. The results in table (4) demonstrate there is no linear,
relation between dielectric constant (¢) for organic solvents used and distribution ratio, but there
is un effect for the structure of organic solvent on the extraction method and the ion pair complex
stability throw the participation of organic solvent in the structure of ion pair complex extracted
as contact ion pair (tight ion pair) or solvent separated ion pair (loose ion pair), from other hand
this results reflect the priority of carbon tetra chloride organic solvent in extraction of Zn*" ions

which is giving higher distribution ratio (D) and percentage of extraction (E).

Table (4): Effect of organic solvent of extraction of Zn®" ions

Organic solvent | CH,CI, | CHCI; | CeHsBr | CgHs | CeHsCH3 CCl,

€ 9.08 5.708 5.40 2.804 2.438 2.38
D 43.40 43.40 35.40 31.00 35.40 79.00
%E 97.7% 97.7% 97.3% | 96.9% 97.3% 98.75%




3.5. Stoichiometry

3.5.1. Slope analysis method:

Extraction 80 pg (1.223x10* M) Zn** ions in 10mL aqueous phase at pH = 8, with different
concentration of ligand solution 4-CIMePADI dissolved in chloroform at 10 mL volume, after
shaking the two layers for 15 min separate this two layers and determine the remainder Zn?* ions
in aqueous phase and the transferred Zn®" ions into organic phase and then determine
distribution ratio (D) according to method as obvious in general procedure. The results in Table
(5) and Figure (5) demonstrate the more probable structure of ion pair complex extracted was

(1:2) (Metal:Ligand) [Zn(4-CIMePADI),]*(CI%),.

Table (5) slope analysis for extraction of Zn**ions

[4-CIMePADI] D/ CHCls Slope
8 x 10 794.3
6 x 107 501.2
5x 107 425.3
4 %103 251.2
3x10° 98.6 1.8
1x107 17.8
6 x 10™ 8.3
4 x 10" 3.2
1x10* 2.2
4 N\
3.5 -
3 .
2.5 1
o 24
§ 1.5 -
1 .
0.5 1
0 T T T 1
-4 -3.5 -3 -25 -2
Log [4-CIMePADI]
\ J

Figure (5): Slope analysis for extraction of Zn*ions
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3.5.2. Mole Ratio Method:

To be sure of structure for complex extraction, extracted 80pg (1.223x10*M) Zn*'ions in

10mL aqueous phase at pH = 8, with 10mL of different concentration (3x10*M —1x10°M) for

ligand 4-CIMePADI dissolved in chloroform, after shaking these two phases for 15min. separate
this two phase, and determine the absorbance of organic phase at A = 537 nm by use ligand
solution as blank, after that plot absorbance values (A) vis mole ratio C_/Cy, the results in table
(6) and figure (5) illustrate the more probable structure of ion pair complex extracted into
organic phase was (1:2) (Metal : Ligand) [Zn(4-CIMePADI), ]**(Cl), which is identify with the
result in slope analysis method .

Table (6) Mole ratio method for extraction of Zn** ions.
CL/Cwm 8.13 6.5 4.88 3.25 15 0.49 0.33
A 0.69 0.66 0.59 0.53 0.35 0.09 0.04

(08 - N
0.7 4
0.6 1
0.5 4
0.4 4
0.3 1
0.2 4

014 e
0 )

</ 2 4 6 8 10
C./Cy
\ 4

Absorbance (A)

Figure (5): Mole ratio method for extraction of Zn?* ions

3.5.3. Continueous Variation Method (job method ):-

Mixing different volume to maximum volume 10mL from the same concentration (1x10™* M)
of aqueous phase contain Zn?* ions and organic phase contain ligand 4-CIMePADI dissolved in
chloroform at pH=8 after shaking the two layers for 15min. separate these two layers and
determine absorbance of organic phase at A = 537 nm by un ligand solution as blank, the results
in table (7) and figure (6) shows the more probable structure of ion pair complex extracted to the
organic phase was (1: 2) (Metal : Ligand) [Zn(4-CIMePADI), ]**(ClI), which is identify with the
results in slope analysis and mole ratio method.
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Table (7): Continueous Variation method for extraction Zn?*ions

Vm mL

2

3

4

5

6

7

V. mL

8

7

6

5

4

3

0.075

0.32

0.56

0.7

0.64

0.56

0.48

0.41

0.25

3.6. Temperature Effect:

~N

Absorbance (A)

-

0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1 -

0

0
1

01 02 03 04 05 06 07 08 059

09 08

0.7

0.6

0.5

04 03

02 0.1

1

J

VM/VT
V. /V+

Figure (6): Continueous variation method for extraction Zn*" ions

Cl

2+

Cl ),

To demonstrate the thermodynamic side of the extraction method of Zn?* ions as ion
association complex extracted 80 pg (1.23 x 10 M) Zn?" ions in 10mL aqueous phase at pH=8 by
10mL of organic phase contain ligand 4-CIMePADI dissolved in chloroform at (1x10™* M)
-12 -




concentration, and at different temperature (5-40£1°C), after shaking the two layers for 15 min
separate these two layers and determine the remainder Zn?* ions in aqueous phase and Zn*ions
transfer to the organic phase to form ion pair complex, and then determine distribution ratio (D)
at each temperature according to the previous method in general procedure. The results in table
(8) and figure (7) show the complexation reaction between Zn?* ions and ligand (4-CIMePADI)
was Endothermic reaction.

Table (8): Temperature effect on the extraction of Zn?* ions

Tec | TK | 1/TK D Kex x10"
5 278 3.6 4.46 3.98
10 | 283 3.5 10.96 8.91
20 | 293 3.4 18.19 14.8
30 | 303 3.3 27.54 22.4
40 | 313 3.1 66.06 53.7
.

68 .

86

84 ]

) 81 *

78]

761 .

" 31 32 33 34 35 36 37

T

Figure (7) : Temperature Effect for Extraction of Zn** lons

The above values of extraction constant K¢y in Table (8) evaluated by the mathematic relation

below

« . D
% |zn? |, [4-cIMePADI,
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Afterward plot log Kex vis 1/T °K and from the slope of straight line determine the enthalpy of
extraction AH.y, and other data of thermodynamic AS.x, AGex evaluated form the relations below:

AHgy
2.303R

AGex = — RTInKgy
AGeX = AHeX - TASeX
The results shows the enthalpy of extraction was (AHex = 0.0424 KJ mole™) and Gibbs free

Slope = -

energy was (AGex = -51.15 kJ mole'l) as well the entropy was (ASe = 163.55 JK? mole'l) from
these results appear the effect of charge density of Zn?* ions for precision the association of Zn®*
ions with ligand molecule and the increase of temperature increase this precision and giving
sandwich structure form of ion pair complex extracted (1 : 2) [18], the value of AH¢ make sure of

sandwich structure of complex extracted as well as the high value of entropy shows the

complexation reaction is entropic in region.

1.800 T
i
1.500
1.000 -
“
Ed
0.500 - .
|
00(3‘0lh 1 1 1
200.00 400.00 600.00 800.00 1000
nm.

Figure (8): UV — Visible spectrum for ligand 4-CIMePADI
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Figure (8): Infra red spectrum for ligand 4-CIMePADI
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