This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

VOLIME L% WUMBIE 3 U0 HEN: B LR Physics and Chemistry Of Liquids
Physics and Publication details, including instructions for authors and subscription information:
Chemistry of Liquids http://www.informaworld.com/smpp/title~content=t713646857

AN INTERNATIONAL JOWANAL

Liquid-liquid extraction of Cu(Il), Co(I) and Ni(I) with salicylidéneaniline
from sulphate media

Y. Boukraa®, D. Barkat?; T. Benabdellah? A. Tayeb® M. Kameche*

@ Faculté des Sciences, Département de Chimie Industrielle, M'Nouar BP 1505, Algérie ® Faculté des

Sciences, Département de Chimie, Université d'Oran, M'Nouar, BP 1524, Algérie © Faculté des Sciences,

Département de Physique, U.S.T.M.B. d'Oran, M'Nouar, BP 1505, Algérie
Norman H. March

Emeritas Profesios, Oofond Unbee ity UE
M,

Giuseppe G. M. Angilella
{Co-Erfier] Uriversits o Catania, (starcs, Jlsly

To cite this Article Boukraa, Y., Barkat, D. , Benabdellah, T., Tayeb, A. and Kameche, M.(2006) 'Liquid-liquid extraction
of Cu(Il), Co(II) and Ni(II) with salicylidéneaniline from sulphate media’, Physics and Chemistry of Liquids, 44: 6, 693 —
700

To link to this Article: DOI: 10.1080/00319100600828960
URL: http://dx.doi.org/10.1080/00319100600828960

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319100600828960
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:39 28 January 2011

Downl oaded At:

Physics and Chemistry of Liquids e Taylor & Francis
Vol. 44, No. 6, December 2006, 693-700 Taylor &Francis Group

Liquid-liquid extraction of Cu(Il), Co(II) and Ni(II) with
salicylidéneaniline from sulphate media

Y. BOUKRAA*f, D. BARKATTY, T. BENABDELLAH,
A. TAYEB{ and M. KAMECHE§

tFaculté des Sciences, Département de Chimie Industrielle,
U.S.T.M.B. d’Oran, M"Nouar BP 1505, Algérie
iFaculté des Sciences, Département de Chimie,
Université d’Oran, M’Nouar, BP 1524, Algérie
§Faculté des Sciences, Département de Physique,
U.S.T.M.B. d’Oran, M’Nouar, BP 1505, Algerie

(Received 19 April 2006; in final form 30 May 2006)

For a fundamental study on the development of novel extraction divalent metal, the extraction
behaviour of copper(Il), cobalt(Il) and nickel(II) is studied with salicylidéneaniline (SAN).
The phenol group in the Schiff base moiety leads to a large increase in the percentage
of transition metal ions. SAN has both good reactivity towards metal ions and solubility
in organic solvents. The solvent extraction of copper(Il), cobalt(Il) and nickel(I) with
salicylidéneaniline from sulphate media is studied with the following parameters: pH,
concentration of the extractant and the nature of diluent. The stoichiometry coefficients
of the extracted species are determined by the slope analysis method. The extraction reaction
proceeds by cation exchange mechanism and the extracted species are: CuL,HL, CoL,HL and
NiL,. The extaction constants are evaluated for the different diluents. Under suitable
conditions of pH, the solvent extraction of cobalt(Il) and nickel(II) in different diluents
leads to third phase formation. This tendency is confirmed from numerical extraction
constants for both metal cations (logK.x=—15.1020.03 for nickel(Il) in CHCI;) and
(log Kex =—12.56 +0.04 for cobalt(Il) in CHCl3). The extraction efficiency is found to follow
the order Cu(Il) > Co(II) > Ni(II).

Keywords: Liquid-liquid extraction; Cu(Il); Co(II); Ni(Il); Salicylidéneaniline; Schiff bases;
Third phase formation

1. Introduction

Schiff base compounds are often used as ligands in coordination chemistry because they
are generally known for their metal binding ability and, in particular, salicylaldimines
are useful for the synthesis of transitional metal complexes. Noteworthy examples
include Cu(Il) [1-2], Fe(II)[3] and complexes. The Schiff’'s bases derived from
salycilaldehyde are known to form very stable complexes with transitional metal
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CH N
OH
Figure 1. Scheme of the chemical formula of N-salicylideneaniline.

ions [4-5]. The resulting complexes are frequently used as catalysts in such diverse
processes as mediating organic redox reactions [6], enantioselective epoxidation [§] and
aziridation [9]. Important and numerous studies have been carried out in liquid-liquid
extraction of divalent metal cations. The use of Schiff base extraction favours the
formation of extractible stable chelates [10-17]. However, the use of SAN for solvent
extraction of metal(Il) cations has not been reported so far. SAN acts mainly as
bidentate ligand and its chemical formula is illustrated in figure 1.

The present work describes the results obtained from the extraction of copper(Il),
cobalt(II) and nickel(II) with salicylidéneaniline in sulphate aqueous solutions. The aim
of the work is to determine the stoichiometry coefficients of the extracted complexes
and their extraction constants.

2. Experimental

2.1. Reagents

SAN was synthesised in our laboratory according to the literature procedure [18].
Equimolar quantities of salicylic aldehyde and aniline are dissolved in the minimum
pure ethanol inside a balloon tricol provided with a magnetic stirrer, a cooling agent
and a graduated thermometer. The unit is maintained with the backward flow and
under agitation for approximately 2 h. The mixture is cooled at room temperature and
then concentrated by elimination of solvent using a rotary evaporator. The solid
product obtained is filtered and then re-crystallised in the minimum pure ethanol.

Chloroform, toluene and cyclohexane were pre-equilibrated with aqueous solution
which did not contain any metal. The ionic strength of the aqueous medium was
assumed to be unity with the concentration of Na,SO,4 equal to 0.33 M. The initial
metal concentrations in the aqueous phase in all the experiments were:

[Cu™] =1.575 x 10°M, [Co™?]=1.88 x 107°M, [Ni*’]=6.81 x 107°M.

2.2. Extraction and analytical procedures

The distribution measurements were performed in thermostated vessels, with a
temperature fixed at 25.0 +0.2°C. Equal volumes, 40 cm? each of aqueous and organic
phases were shaken with a magnetic stirrer for 30 min, a period found to be adequate
to reach equilibrium. After the phase separation by gravity, the metal concentration
in the aqueous phases was determined photometrically using a Shimadzu UV-VIS 211.
The pH of the aqueous phase was measured by a pH-meter with an accuracy equal
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to 0.02 pH unit. The pH was adjusted to the desired level by the addition of sodium
hydroxide. The ionic strength was maintained at 1 with Na,SO,, and the temperature
was measured with an accuracy of 0.2°C.

3. Results and discussion
3.1. Extraction of Cu(Il), Co(Il) and Ni(Il) with SAN

3.1.1. Effect of equilibrium pH. The overall reaction in the extraction of copper(Il),
cobalt(Il) and nickel(IT) with SAN (HL) from sulphate aqueous medium may be
expressed as

M** + (n + m)HLorg DML, (HL),, o +nH' (1) 1)

(M = Cu(II), Co(II), Ni(II)); (org) denotes the species in organic phase.
The extraction constant, K., is defined as equation (2) and is rewritten as
equation (3) by using the distribution ratio, Dy, of the metals

[ML”(HL)”1]org[H+]”
Kex = M2+ HL n+m (2)
[ ][ org
M
log Dy = log[ [IJIO]rg = log Kex + (n + m) log[HL],,+npH 3)

Experimental plots log Dy versus pH for each metal cation with SAN in chloroform
are straight lines of slope equal to 2 in figure 2. The curves obtained show that the
extraction of each metal increases with the concentration of SAN.

The study of the effect of pH on the liquid—liquid extraction of Co(II) and Ni(II)
leads to third phase formation which was already found for Zn(II) [19] and Cd(IT) [20].
Tayeb et al. [19] reported the formation of a third phase during the extraction of
Zn(Il) by acidic chelating extractants. The addition of TOPO to the solvent leads
to a synergistic enhancement of the extraction, mainly due to the extracted species.
A review of third phase formation in extraction of actinides by neutral organo-
phosphorus extractants was previously established by Vasudeva Rao [21].

3.1.2. Effect of SAN concentration. The variation of log Dy versus log[HL]; o, to pH
constants for each metal cation is represented in figure 3. The curves are straight lines
with slope equal to 3 for both Cu(Il) and Co(II). However, for Ni the slope is less, with
a value equal to 2. This finding explains the number of molecules of HL coordinated to
the metal cation in the extracted complexes. The extraction process may be described
by the following equilibrium reactions:

Cu*? + 3HL = Cul,HL + 2H™"
Co*? + 3HL = CoL,HL + 2H"
Ni*? 4+ 2HL = NiL, + 2H*
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Figure 2. pH effect on Cu®*, Co>* and Ni** extraction with SAN in chloroform. Sulphate medium 0.33 M.
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Figure 3. Concentration effect of SAN in chloroform on Cu®*, Co®>" and Ni** extraction. Sulphate
medium 0.33 M.
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Figure 4. Extraction of Cu®*, Co®* and Ni** with SAN in chloroform. Sulphate medium 0.33 M.

Table 1. log K., of Cu(Il), Co(IT) and Ni(II) in different diluents at 25°C.

Diluent IOg K EX‘Cu(”)O.OZ IOg K ex‘co([|)0.03 IOg K e,(.]\“([])0.04
Cyclohexane —4.24 —11.36 —13.31
Toluene —4.57 —11.85 —14.55
Chloroform —4.77 —12.56 —15.10

Comparing the stoichiometry of the extracted species of Cu(Il) found in this work
with those obtained by Adams [22] and Prenesti [23], the same set of species are found
for Cu(Il) and Co(Il) in similar experimental conditions. Moreover, by using the
distribution ratio, Dy, of the metals, the extraction constants, K., may be defined as:

log Kex.cuary = log Dy — 3log[HL] +2pH  with [HL] = [HL]; — 3[Cu*"]
log Kex.coany = log Dy — 3log[HL] +2pH  with [HL] = [HL]; — 3[Co*"]
log Kexniany) = log Dy — 2log[HL] 4 2pH  with [HL] = [HL]; — 3[Ni**]

The overlined symbols refer to the organic phase. The index (i) denotes initial
concentration before contacting the phases. The extraction of copper(II), cobalt(Il) and
nickel(IT) from sulphate solution with SAN is shown in figure 4. Comparison between
the formation constants given in table 1 revealed that the stability of the ligand (SAN)
varies according to the sequence

Cu”* > Co>™ > Ni**
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It is known that both the relative size of the cations to the cavity of (SAN) and hard—
soft acid—base character of the cation and the donating sites of the ligand are among the
most important parameters affecting the stability of cation—(SAN) complexes.

The order of the extrabilities between the metals does not coincide with the
Irving-Williams series of stability [24] because both Cu®* and Co®" ions seem to have
the suitable size to fit well inside the cavity of the ligand used. The Co*" ion forms
a more stable complex than the Ni** jon does, obviously due to its least softer
acid character than the Ni(Il) ion [25]. The extraction ability decreases in the order:
Cu(IT) > Co(IT) > Ni(II). This can be explained by assuming the formation of CuL,HL
for Cu(Il), CoL,HL for Co(II) and NiL, for Ni(II). This respective sequence
is probably due to a better lipophilicity of both Cul,HL and CoL,HL than NiL,.

3.1.3. Effect of diluent. It is well known that the diluent plays an important role in
solvent extraction by affecting the efficiency of the extraction process. Extraction of
Cu™?, Co™ and Ni™ with SAN is achieved by using the diluents chloroform, toluene
and cyclohexane which are described in figure 5. Dreisinger and Cooper studied the
effect of diluent upon the extraction of nickel(Il) and cobalt(Il). They showed that
the choice of the diluent could influence the extraction [26]. A more detailed study
of diluent effect was carried out by Brunette [27-29] and Komasawa [30,31] who
found polar or non-polar diluents could greatly affect the extraction of metal cations.
When cyclohexane was used as the diluent, log K., values for each metal were found
clearly improved. The best extraction was according to the following order:
cyclohexane > toluene > choroform. The results of extraction of the three solvents
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Figure 5. Cu®", Co’* and Ni** extraction with SAN. Sulphate medium 0.33 M.
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Table 2. Comparison of log K.« of Cu(II), Co(II) and Ni(II) in different diluents at 25°C.

Cu(Il) Co(ID) Ni(II) cd(n Zn(IT) In(I11) Ln(III)
Alog B 0.2 0.71 0.55 005[32]  0.01[32]  0.61 [28]
1.12 [27]
Alog B 0.33 0.49 1.24
Alog f* 2.42[19]
Alog B* 0.99 [27] 0.58[28]  3.45[33]
3.06 [33]

Alog f/* =log K(ex M) Toluéne — log Kex, M1)Chloroforme-
Alog ' =108 K(ex M(11))Cyclohexane — 108 K(ex, M) Toluéne.

Alog B =10g Kiex M(in)Dichloroethane — 108 K(ex M(11))Chloroforme.
Alog B* =10g K(ex Mn)Nitrobenzene — 108 K(ex M1ty Chloroforme.

were calculated, the best extraction was obtained with cyclohexane, toluene and
chloroform; the extraction of Co(II), Cu(Il) and Ni(II) in chloroform is worse. The
drive of water molecules in the organic phase is more significant in chloroform than
in toluene [32] and cyclohexane. As a result, when cyclohexane was used as a diluent,
the extraction was clearly improved. In order to interpret the results, we compare
the variation among log K« mqny) and list the results in table 2. As it is shown in table 2,
Alog B is larger than Alog 8 for Ni(II), which is in good agreement with reference [28].
The literature values range from 0.01 to 0.61 for Alog 8 and 0.58 to 3.45 for Alog g'*
depending on the experimental conditions. A considerable improvement of the
extraction constants, especially for nickel(Il), was brought about by changing diluent
from polar to non-polar nature. Cyclohexane is observed to be a good solvent for the
extraction of Ni(Il) (Alog 8/ =1.24). This improvement may be explained by the fact
that the water molecules which accompany the metal complex in organic phase are
possibly raised.

4. Conclusion

SAN has been found to be a good chelate extractant for Cu(II), Co(II) and Ni(II).
The extraction of these metal cations by SAN in sulphate medium was studied using the
following parameters:

— The equilibrium pH: The effect of the pH on extraction of Co(II) and Ni(II) leads to
third phase formation by standing solid at the interface liquid-liquid.

— Concentration of SAN: The extraction of Cu(II), Co(II) and Ni(II) by SAN increases
with the concentration of SAN. The stoichiometry of the extracted species and their
equilibrium constants is elucidated by graphical and numerical methods and appears
to be Cul,HL, CoL,HL, NiL,.

— Solvent: The extraction is better according to the following order:

cyclohexane > toluene > choroform.
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