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ABSTRACT

The solvent extraction of copper(ll) and chromium(Ifrom nitrate medium with
salicylideneaniline (HL) is studiesks a function of various parameters: pH, conceaatraif
salicylideneaniline, contact time and the naturaradin (nitrate and sulfate) in aqueous phase.
Chromium(lll) is not extracted by salicylideneandidiluted in 1-octanol. Copper(ll) is only
extracted by salicylideneaniline and it was fouhdttthe highest extractability achieved to
95% at pH 4.9, The stoichiometry of the extracted sgeavas determined by using the
method of slope analysis. Elemental analysis, U¥-and IR-spectra were used to confirm
the structure. It is found that the copper (l)estracted as Cul2H,O Their equilibrium
constant, distribution coefficient, percentage aotion ¢E) and free energy are also
calculated.
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1. INTRODUCTION
Solvent extraction system is one of effective tégh@ used for separation of metal cations
from aqueous solutions [1, 2]. It is a suitable moet for prevent and protect environment

from pollution.
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Complexes of some metal ions with Schiff’s basegeha big importance in organic
synthesis and catalysis because of their variegppfications such as: biological, clinical,
analytical, physiological and pharmacological atgg [3, 4]. The Schiff’'s bases ligands
act as a good extracting agents for the transgfanetal ions [5, 6].

Solvent extraction of chromium and copper using ifBsh bases derived from
terephthaldialdehyde and 5-amino-2-methoxy-phetiglisd by Al Zoubi, Kandil and
Chebani [7]. It was found that the extraction efficy of ligand for metals is in the order
CU* > Cr". Almi et al .[8] found that salicylideneaniline dissolved inlaroform extracts
capably copper(ll) from sulfate medium. They weoafomed that the extracted species in
organic phase are Cplith Culy(HL). On the other hand, there were no researchtabe
solvent extraction of chromium(lll) with salicylideaniline.

The present paper describes the results obtaioed the solvent extraction of copper (ll)
and chromium(lll) from nitrate medium by salicyliteaniline dissolved in 1-octanol. Our
interest is to determinate the stoichiometric doefht of the extracted species from nitrat
medium and investigated the effect of anoin typ&dte and sulfate) on these extraction
systems. In addition, a study on the chromium(&xraction was realised in ordre to

compare the solvent extraction of divalent andatemt metal ions using salicylideneaniline.

2. EXPERIMENTAL

2.1. Reagents and solutions

Salicylideneaniline (HL) was synthesized in ourdediory by refluxing salicylaldehyde with
the aniline and was purified by recrystallisatioroni ethanol [9]. The structure of
salicylideneaniline shows in figure 1. Copper nérgBiochem), chromium nitrate, copper
sulfate (Biochem), sodium nitrate and sodium salf@iochem) were used without further
purification. 1-octanol was employed as the organigent. The ionic strength of the aqueous
medium was assumed to be unity ([NaN&1M). Aqueous phase: [Gl] = 1.57 x 10 M,
[Cr¥"] = 1.92 x10° to 10°M.
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Fig.1. Structure of salicylideneaniline.

2.2. Extraction and analytical procedures

Experiments were carried out by shaking equal vewin{25ml) of both phases in
thermostatted vessels. The time required to reaetequilibrium state was 30 min. However
for chromium extraction both phases were contastaceral hours. The pH of the aqueous
phase was adjusted by adding the necessary améunid NaOH. Then, after the two
phases were separated completely, concentrationthefcopper(ll) and chromium(lil)
remaining in the aqueous phase were determinedoptedtically at 820 nm and 570 nm
respectively using a Philips UV-VIS SP6-36. The ahebn concentrations in the organic
phase were calculated from the difference betwd®n nhetal ion concentrations in the
agueous phase before and after extraction. Allettperiments were carried out at constant

temperature T=25°C.

3. RESULTSAND DISCUSSION

3.1. General treatment of extraction equilibrium of metal with salicylideneaniline
The extraction of metal with salicylideneanilinerr nitrate media may be described by the

following equilibrium:

K

Maq +(n+m)(HL)

(ML (HL) ) oy 1H ¥ (1)

org
Where, equilibrium constant Kis defined as equation (2) and it can be rewriésn

equation (3) by using the distribution ratid of metal.

R (CICI loH 7]
[ ], IR

org

(2)

ex

log D = (n+m)log[ HL | +npH+logK,, (3)

Where the distribution coefficienD, is defined as the ratio between the concentration



A. Guerdouhet al. J Fundam Appl Sci. 2016, 8(2), 387-400 390

metal in organic and aqueous phase. The specid¢iseiraqueous and organic phases are
designated by the subscripts ag and org, respgctiVther parameters are defined as:

M: Cu?*or CP*, n = cationic chargem = number of salicylideneaniline molecules contdine
in the complex.

The equilibrium slope method has been used to aeallje experimental data for each
extraction system. The stoichiometries of the exé@ species were determined on the basis
of some equations derived from equation (3). Wittpradetermined salicylideneaniline
concentration in the organic phase and if onlyl(,§HL)) is the extractable species in
the extraction system, the plot of I@gversus pH at constant concentration of the extractant
should yield a straight line with a sloperofin addition, the plot of lo@® versus log [HL] at
constant pH should give a straight line of slope- (m), from which the value om may be
calculated. Therefore, the logarithmic values ofx Kof metal can be calculated
using equation (3). Also the percentage extrac(ik) of metal is calculated by the

following equation:

E = D

x 100 (4)

3.2. Analysis of the extraction equilibrium of copper(ll) with salicylideneaniline
dissolved in 1-octanol
3.2.1. Effect of pH

In order to investigate stoichiometry of the extealcspecies in organic phase and to find out
which chemical equation applies to the extractioocess, a series of copper(ll) extractions
are carried out with salicylideneaniline.

According to equation (3) the relationships Dgersus pH are determined at a constant [HL]
in 1-octanol. The results are shown in figure @edir relations are observed with the slope of
two (n = 2). This means that two protons are liberatednduthe extraction process,
confirming that the extracted species in organiasghis Cuk(HL),. The curves obtained

show that the extraction of copper(ll) increasethhe concentration of salicylideneaniline.
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Fig.2. Distribution coefficient lod> against pH at the extraction of copper(ll) with

salicylideneaniline dissolved in 1-octanol

Percentage extractiofoE) and the distribution coefficienDj were calculated to determine
the extracting capability of salicylideneanilinéudied in 1-octanol (Tables 1). The distribution
coefficient D) and extraction percentag@of) increased with increasing pH of aqueous

solution. The highest extractability for copper{das achieved to 95% at pH = 4.90.

Table 1. The distribution coefficient) and extraction percentaglf) for extraction of

copper(Il) with salicylideneaniline (0.04M) disselyin 1-octanol.

Cu™aqx 10°  [CU™]org X107 %E
P [ (m]:/L) | (r:olg/L) P
4,04 1,18 0,38 0,32 24,77
4,15 1,02 0,54 0,53 34,80
4,27 0,78 0,78 0,99 49,84
4,38 0,62 0,94 1,49 59,87
4,42 0,55 1,01 1,84 64,89
4,47 0,47 1,09 2,32 69,90
4,53 0,39 1,17 2,98 74,92
4,60 0,31 1,25 3,98 79,93
4,70 0,15 1,41 8,91 89,9

4,9 0,007 15 18,62 95
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3.2.2. Effect of salicylideneaniline concentration

A study on the effect of salicylideneaniline contcation on copper(ll) extraction enables us
to determine the number of salicylideneaniline ruoles involved in the extracted species.
This effect was investigated by making a seriexcagper(ll) extractions at various [HR]
dissolved in 1-octanol.

According to equation (3), Plots of &y versus log[HL].rg in 1-octanol at constant pH were
linear with the slope about of 2, as shown in feg&®; that is, (2 #m) = 2 orm = 0.
Consequently, the composition of the extracted isgers Cul.. Similar complexes were
obtained by many authors on the extraction of cofpipevith Schiff bases[10] . Therefore,

equations (1) and (3) could be rewritten as:

CuZ +2(HL) === Cul, o+ 2H' (5)

aq org 2,0rg

log D = 2log HL ]0rg + 2 pH+ logK,, (6)
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Fig.3. Determination of the number of salicylideneanilimeolved in the extracted species in
1-octanol

According to equation (5), the logarithmic valuekqf of copper(ll) is calculated to be/

log Kex = -5.80.

The extractability of copper(ll) was evaluated as function of salicylideneaniline

concentration, as shown in Table. 2, the percentgeaction $E) of copper(ll) and the

distribution coefficientD) increase with the concentration of salicylidenkaa
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Table 2. Effect of concentration of HL on the extraction gentage (%) of copper (II)

atpH=4,5.
[HL] LogD D Y%E
0,01 -0,62 0,23 19,28
0,02 -0,12 0,75 42,88
0,04 0,42 2,64 72,58

3.2.3. Effect of contact time

As seen in figure 4, the effect of time on the e@egextraction of copper (Il), was studied at
constant pH. This parameter was varied from 5 @ dinutes. The extraction percentage
(%E) increased with increasing of contact time betwt#en aqueous and organic phase, it
confirms that this Schiff base is decomposing dyertraction. The highest extractability for

copper(ll) was achieved at @bafter 30 min and hence can be considered as analgime

value.
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Fig.4. Effect of contact time on the extraction perceatédE) of copper (I1)

3.2.4. Effect of anion type on the copper extaction with salicylideneaniline
Figure 5 represents plots of logversus pH obtained during the extraction of copper(19nfr
aqueous solutions containing various anions witltydmleneaniline. The data indicate that

there was a difference on the extraction efficiebeyween nitrate and sulfate anions. The
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copper extraction from sulfate medium occurredigiér pH values. As it is shown on figure
5, the better extraction was achieved from nitragzlium. These results may be attributed to
the stronger complexion nature of sulfate anioe, firmation of the complexes Cus@ot
extractible, which would reduce the concentratioh @u** and thus decrease their
extraction[11]. Therefore, in the presence of noardinating anions (nitrate) the efficiency

of the extraction process seems to be in favoopper ions.
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Fig.5. Effect of anion type on the copper extraction ve#icylideneaniline

[HL] = 0.02M, [Cu"? = 1.57 x 10°

3.2.3. Visible spectroscopic studies of extracted species
The visible spectrum of the loaded organic phase performed in 1-octanol (figure 6).
Copper complex shows an absorbance in the 665 nishwidicated to octahedral geometry
coordination of the extracted species. In this wtud was found that two molecules of
salicylideneaniline are coordinated with the cdntapper ion; water molecules would
complete the coordination sphere so that the capperould obtain a stable structure. On the
basis of this interpretation, the plausible struetaf the copper complex CuPH,O may be
written as shown in figure 7. These results ardlamto those which are obtained by Kriza
and Spinu [12] on the extraction of copper(Il) using

N-[2-thienylmethylidene]-1-propanamine.
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Fig.6. Visible spectrum of copper complex in 1-octanol

3.2.4. Infrared Spectra of HL and their metal complexe
The characteristic vibrational frequencies havenbidentified by comparing the spectra of

the complex with their free ligand. The importaRtdpectral data of the free ligand and their
copper(ll) complex are presented in Table 3.
Table 3. Characteristic IR bands (M) of salicylideneaniline and metal

complex dissolved in 1-octanol.
Compound v(OH) v(C=N) »(C=C) v(M-N) v(M-0)

HL 3435 1635 1480 - -
Copper (11

pper(ll) 3498 1611 1395 730 550
complex

(HL+Cr(l11)) 3432 1633 1479 - -

The vibrations of the phenolic-OH and imine (C=Npuwps belong to salicylideneaniline
compound have been observed at 3435 and 1635cespectively [13, 14]. Bands in the
1480-1395 cnit range are assignedw¢C=C) vibrations of aromatic structure [15]. Aftie
complexation reaction, the imine (C=N) band is telifto lower frequencies (1611chj in
the complex indicating that it has been affectedrupoordination to the metal ions and
reduced intensity of these bands. In addition, omadintense broad band’s centered at

3380-3446¢m in the complex assigned to coordinated water [A0§o, the bands in the
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554-532 and 710-760¢mrange carbe attributed to the M—O and M—N stretching modes

respectively [8,16]. The plausible stuctrure ofragted species shows in figure. 7

H\O/H

0
o a;@

H

Fig.7. The plausible structure of the complex G2H,0O

3.25. Thermodynamic studies of copper(ll) extraction with salicylideneaniline
in 1-octanol
The free energyAG°) was calculated for 1-octanol at constant teapee T = 298.2 k. The
AG° is expressed by the following equation [2, 17].

AG° =-2.303 RT logk (8)
Where, R is the universal gas constant (8.314 JK)pIT is the thermodynamic temperature
and K is the extraction constant. Th&@°® = 33.11kJ/ mol) value is positive. The positive
value of AG®) indicated that the copper(ll) extraction withlisylideneaniline didn’t occur
spontaneously in 1-octanol. Similar results areioleid by many autharsiuff and Otu [18]
studied the extraction of Nifrom the aqueous medium by the mono-2-ethylhekgisphoric
acid (H2MEHP) dissolved in o-xylene. These auttelrewed that the extraction process of
Ni? *is not spontaneouaG°= 0.2 kJ/mol).
3.3. Analysis of the extraction equilibrium of chromium(l1l) with salicylideneaniline
in 1-octanol
In the aim to compare the solvent extraction oftént and trivalent metal ions, a series of
chromium(lll) extractions was performed using sdideneaniline diluted in 1-octanol.
Studies on the effect of initial metal concentratipH of aqueous phase and extraction agent

concentration on the extraction process were inyatstd by making a series of chromium(lll)
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extractions for different concentrations (0.005M 2Wl) of salicylideneaniline. The initial
concentration of chromium(lll) in the aqueous phasee also varied from 0.96 x2M to
10° M. The pH of aqueous phase was also varied from 21t by adding the necessary
amount of 0.1M NaOH. We are observed that chromilimivas not extracted by

salicylideneaniline under these conditions.
3.3.1. IR gpectra analysis

Characteristic IR bands of the loaded organic pladse several hours of phase contacting
(HL + Cr(lll)) were presented in Table 3. As seenTable 3, the imine (C=N) band rest
approximately at constant frequency indicating thatasn't affected any coordination to the
chromium ions. In addition, the bands of the M-Nd a¥-O weren’t appears in the IR
spectrum of loaded organic phase.

The results obtained (Table 3) show that chromiljm@ not extracted by salicylideneaniline
dissolved in 1-octanol. This study allows suggestithat the absence of extraction of
chromium with salicylideneaniline diluted in 1-ootd; would be due to hydrolysis of the
metal in the aqueous phase at pH values below tlemgered for extraction. In addition, it
was attributed to an encumbered steric effect whmelkes it difficult to attach two or more
ligands to the same ion. Also these results magmngmn atom chromium size. The radius
atom of copper and chromium are 14%nd 1.66A respectively. Chromium(lll) having big
atom size (radius) would encumber the coordinasites in the ligand and would, perhaps,
prevent the complexation of metal ion. On the otha&nd, salicylideneaniline in 1-octanol
extracted capably copper(ll) which have small agpe (radius). In this case copper(ll) can
be coordinated with two or more ligands to obtaistable structure of extracted species.
Clearly, atom metals size is a factor which mustdesiderate when choosing extractants for
solvent extraction studies. A similar result wadagied by Preston [19]] on the solvent
extraction of chromium(lll) with carboxylic acidsh ixylene. This author reported that

chromium(lll) was not extracted by either Vers&ti@ or naphthenic acid.

4. CONCLUSION

The experimental data obtained in this work showat tthe salicylideneaniline can be

successfully used to remove the heavy metal iook as copper (Il) from aqueous solutions
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(as shown in Table 1). An increase in the pH ofeagqis phase and salicylideneaniline
concentration has a favorable effect on the extmagirocess of copper (lIl). Also it was found
that the better extraction of copper was achievennfnitrate medium. The proposed
procedure has some advantages: simple and ragidiigher capacity to extract copper ion;
the shorter time for the extraction process. Shdlepeaniline extracts copper(ll) as a
monomeric extracted species from nitrate mediunorateg to the following stoichiometric

relations.

Cu +2(HL) —%=Cul,,, +2H

aq org

In the other hand salicylideneaniline in organiagd unable to extracted chromium(lll) from
nitrate medium in the pH range of 3 - 11. The absesf extraction with salicylideneaniline
would be due to hydrolysis of the metal in the ampsephase at pH values below those

required for extraction.
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