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Abstract —The objective of this work is the liquid-
liquid extraction of Zn (I1) in an acetate medium by
the 8-hydroxyquinoline quinoline compound known
by these chelating properties, with respect to heavy
divalent metals, as well as these important biological
and pharmacological properties. Various parameters
have been optimized such as contact time,
concentration of aqueous phase, mass of extractant,
pH effect and salt effect. The thermodynamic study
showed that the extraction process is spontaneous (AG
<0) and exothermic (AH <0). On the other hand, the
extractant forms a yellow solid complex of structure
M (CgH;NO) , confirmed by IR analysis.
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1. INTRODUCTION

8-Hydroxyquinoline (8HQ), a derivative of the
original quinoline, has been used as an agricultural
fungicide and a preservative in the textile, wood
and paper industries, 8HQ is a powerful chelatant
that can restore balance of metals and be useful for
the treatment of metal-related diseases[1-7].

8-Hydroxyquinoline (1-8-HQ) (or
quinolinol) is a non-specific ligand chelating a large
variety of metal ions[8-9]. 8-Hydroxyquinoline is
able to chelate -essential metallic ions for
metabolisme of bacteria and fungi, so 8-HQ
derivatives are used as antibacterial and antifungal.
8-HQ complexes of Zn or Mn can be also used for
such applications[10-14].
Metal complexes of 8-hydroxyquinolines were used
in supramolecular chemistry as luminescent or
fluorescent solids [4].

The objective principles of this work fall within
this framework. We propose to study the liquid-
liquid extraction of zinc (II) in an acetate medium

by 8'-hydroxyquinoline and to determine the
optimum conditions for extraction.

Il. MATERIALS AND METHODS

All commercial reagents were purchased from
Prolabo or Aldrich, and were used as received
without further purification.
Spectro201plusUV-VISIBLE  spectrophotometer
and a consort C831 PH meter with combined glass
electrode were used for concentration and Ph
measurement

The FTIR spectrum was recorded on a Brucker
Vector 22 spectrophotometer

Processing of extraction

8-HQ, which is soluble in ethyl acetate and
chloroforme , was taken as the organic solvent
throughout this study. Equal volumes of organic
and aqueous phases (5 mL) were agitated for 30
min (enough for equilibrium) at 22°C under the
desired experimental conditions. The two phases
were then separated by decantation and assayed by
taking known aliquots from the aqueous phases.
The zinc concentrations in the aqueous phase were
determined, before and  after  extraction
spectrophotometrically.

I1l. RESULTS AND DISCUSSION

A. The contact time determined by a kinetic
extraction study of Zn (I1)
The contact time is 30 minutes for chloroform and

45 minutes for ethyl acetate.
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Figurel: Kinétic of extraction of Zn (I) pHi=45 T°=20C

[zn (IN]=10°M [8HQ]=10"M
B. Volume ratio

The ratio Q between the volume of the organic
phase and the volume of the aqueous phase is very
important in a liquid-liquid extraction
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Figure 2: Effect of volume ratio pH; = 4,5 T°=20C [Zn
(IN]=10°M [8HQ]=10"M Q=1

The results for the two solvents show that the best
yield is obtained from a volume ratio equal to 1, so
to carry out this extraction it is necessary to take the
same volume of the organic and aqueous phase

C. Effect of the initial Zn (II) concentration of the

aqueous phase

The effect of the concentration of the aqueous
phase on the extraction yield was examined in the
following concentration range: [Zn®> " = 10-3 to
0.005M
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Figure 3: Effect of the concentration initiale of Zn (Il extraction
yield of Zn(Il) pHi=4-5 T°=20C [Zn (II)]= 10°M
[8HQ]=10"M

According to this result the optimal concentration
of the feed phase will be taken equal 10°M.

D. Effect of the initial pH of the agueous phase
The study of the influence of the initial pH of the
aqueous phase on the extraction yield was

examined by adding suitable quantities of
hydrochloric acid
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Figure 4: Effect of pH; on extraction yield of Zn(ll)
[Zn (ID]=102M T°=20°C V4/Vorg=1 [8HQ]= 10
2
M

From the figure it can be seen that the extraction
efficiency decreases with the increase in the acidity
of the medium, this result shows that the extraction
of metal is carried out by proton exchange with the
aqueous phase. The progress of the extraction
reaction increasingly enriches the aqueous phase
with H +. Therefore, in order to carry out the
extraction in good yield, it must work in the less
acidic medium possible, in order to avoid the
formation of precipitates Zn (OH),, Zn (OH) ,~

E. Effect of the extractant mass on the extraction of
Zn (1)

We conclude from the optimal mass of the
extractant is of the order 0.2 g for the two solvents
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Figure 5: yield of extraction on fonction weight of extractant
pHi=45 T°=20C [Zn (I)]=10*M

F. Effect of salt

We tried in this study to see the effect of addition of
CH5;COONa salt at different concentrations on Zinc
(11) extraction yields.
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Fig.6 : Effect of the addition of Sodium Acetate on the
extraction yield of Zn(lIl)

According to the figure in note the increase yield is
due to the increase in ionic strength and then
decreases due to the competition of Sodium with
the Zinc during the extraction which makes the zinc
more accessible to the interface of the extractant.

G. Effect of temperature:
The effect of temperature on Zinc extraction has

been studied at different temperatures from 22 ° C
(295K) to 60 ° C (333K) by heating in a water bath.
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Figure7: Effect of temperature on the yield of extraction pH; =
45 T°=20C [Zn(II)]=10°M [8HQ]=10"M

According to the figure, a temperature increase of
the extraction in the range (295a3330k) decreases
the extraction yield.

H. Study of thermodynamic parameters

The study of the temperature effect also made it
possible to determine the thermodynamic
parameters of the extraction, in our operating
conditions,

such that free enthalpy (AH), entropy (AS) and free
enthalpy (variation in the Gibbs function) (AG).
These thermodynamic parameters are calculated
using the following equations:

AG® = -RTlInk

AG® = AH-T AS
From these two equations we derive the following
equation , which will allow us to calculate AH and
AS by plotting the curve which gives the evolution
of the constant K as a function of the temperature.
—AH n AS
LnK RT R

K, T and R are respectively: the partition coefficient
of Zn (II) between the two equilibrium phases, the
temperature and the perfect gas constant (R = 8.314
J. mol-1 K-1).

The partition coefficient is defined by the following
expression:

_[Zn (Il)]larg
K= [Zn (ID]aq
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Figure 8: Variation of Ink in function of /T

The calculated values of AH, AS and AG are
summarized in the following tablel:

Table 1: Evolution of thermodynamic parameters as a function

of temperature
TenK | AG
(KJ/mol)
295 -3 ,44
298 -3,41
303 -3,37
333 -3.1

The calculation of AH shows that: - The extraction
process is exothermic (AH <0). The extraction
process is spontaneous (AG <0).

I. Extraction mechanism:

The complexing character of 8HQ is explained by
the fact that it creates coordination with O-OH of
OH in the formation of water-insoluble complex
theoretically the complex formed is of the form M
[CO9H60ONT] n or n the number of charge of the metal
in our case n = 2 Thus, extraction is carried out by
simple proton exchange of the extraction against the
divalent cation of the aqueous phase to form a
yellow-colored organosoluble complex according to
the equation:

M™ @y + M HL (org) =ML (org) +M HL (agy

J. Spectral study:

In order to confirm the complexation of our metal,
we performed ligand IR spectroscopy analysis
before and after extraction. The complex is a yellow
solid, water-insoluble and soluble in chloroform
The characteristic infrared bands for the 8-
hydroxyquinoline ligand (Oxine) and the complex
form are shown in fig.10-11 and in table 2 .

The band located at3236.3cm™ characterizing the
OH group The band 1504 ¢ m-1characterizing the
CN bond The band 1629 cm™ characterizing the
CH of the aromatic ring The band 2856.4
characterized OH group around two aromatic rings
Then, in the spectrum fig.11 which corresponds to
the complex 8HQ-Zn one observes the
displacement and disappearance of certain bands
and the appearance of new bands, for example the
appearance of the characteristic band Zn-N and Zn-
0, namely 505.3 - 644.2 cm™ By virtue of these
results it is concluded that 8HQ contains two
electron donor sites located at the nitrogen atom of
the aromatic ring and the atom of oxygen of the
second aromatic ring And the structure of the 8HQ-
Zn complex takes the following form:

\ TN\ /
O/ \O

M= 2Zn
Figure 9: Structure of complexe M-8HQ
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Figure 11: Infrared spectrum of the complex [Zn (8-HQ]
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Table 02:
Compound v v V(C-N) v (C-O) v(Zn-N) v (Zn-O)
(CH) (OH)
Oxine 1629 3236.3 1504 1280
@HQ e -
2856.4
Zn (oxine), 1577 3348 1465.8  1326.9 505.3 644.2

IV. CONCLUSION

The 8-hydroxyquinoline obtained exhibited high
efficiency for the uptake and removal of zinc in water
and the recovery is quantitative (~100%). The best
performance is achieved from a molar ratio equal to 1..
The extraction yield (99.4%) was found to be higher at
slightly acid pH. At equilibrium, the extraction yield
with chloroform solvent was higher than with ethyl
acetate . the thermodynamic parameters showed that
the extraction process is exothermic (AH <0) and
spontaneous (AG <0). IR spectroscopy confirms the
complexation of Zn (lI) 8HQ— 8HQ forms a stable
solid complex of yellow color, and of following
structure

Zn [CgH;NO] ,
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