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ABSTRACT

The interfacial properties of 8-hydroxyquinoline (HOX) and/or some crown
ethers; Dbl8C6, 18C6 and 15C5 at the chloroform/nitrate interface were
investigated by measuring their interfacial tension using Du Nouy ring method. The
data indicate that 18C6 and 15C5 have variable effects on the chloroform-nitrate
interface according to their concentrations while Dbl8C6 and HOX have nearly no
effect at the interface in the investigated concentration range. The mixture of HOX
and 18C6 or 15C5 showed different trends according to their concentrations. The
proposed mechanisms were verified by carrying out Co(Ii) extraction by HOX-
Dbl8C6 mixture in chloroform in the low and high concentration ranges at different
interfacial area. The use of benzene instead of chloroform indicate that the nature of
diluent has a marked effect on the interfacial properties of 18C6 and 15C5 while
Dbl8C6 was found to be sparingly soluble in benzene in the investigated
concentration range.
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INTRODUCTION

In solvent extraction technique, information on the mass transfer rate and mechanism of metal
ions extraction deduced from kinetic studies allow the optimization and control of extraction
processes. The nature of the interface and the interfacial behaviour of extractants are one of the
important parameters which allow the prediction of reaction mechanism and the design of liquid-liquid
contacting equipment (l). Crown ethers which are known to have moderate activity at the liquid-liquid
interface are often used for the extraction of fission products from nitrate medium and for the removal
of long life radionuclides from radioactive wastes (2\ Bonnensen et al (3) used bis-4-4;(5')(tert-
butyl)cycIohexano-18-crovvn-6 to remove more than 95% of technctium from high radioactive alkaline
wastes. However, the efficiency and selectivity of crown ethers depend greatly upon the type of ring
substituents t4) as well as diluent properties (S). Addition of alkyl substituents, particularly tertiary alkyl
groups was found to increase both the solubility and lipophilicity of benzocrown ethers in non-polar
organic diluents ^ . The weak extraction of the dibenzocrown ethers compared with their
dicyclohexano counterpart was related to the reduced basicity of the aryl ether ox5'gens in these
macrocycles (6).

Interfacial tension data between the two-liquid phases are the main criteria usually used to
define the characteristics of interfaces. In the present work, interfacial measurements for 8-
hydroxyquinoline and/or some crown ethers; Dbl8C6, 18C6 and 15C5 dissolved in chloroform in
contact with 0.1 M nitrate solution were carried out. These data are used to predict the site of the
reaction controlling the mechanism of metal extraction carried out by these extractants. Synergistic
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extraction of Co(II) by HOX-Dbl8C6 ether mixture in chloroform from nitrate medium was selected
to verify the obtained results and justify the proposed mechanisms. The same interfacial measurements
were also carried out with the same extractants when using benzene instead of chloroform under the
same experimental conditions in order to throw light on the effect of diluent on the interfacial
properties of these extractants.

EXPERIMENTAL

Reagents

8-hydroxyquinoline (HOX) is a product of Veb. Laborechemie Apolda, Italy. Crown ethers (CE),
Dibenzo-18-crown-6 (Dbl8C6), 18-crown-6 (18C6) and 15-crown-5 (15C5) were supplied by Sigma
chemicals. Benzene and chloroform were products of Prolabo. All other reagents and materials used
were of analytical reagent grade (AR) and obtained from B.D.H.

Procedure

The concentration of HOX and crown ethers were studied in the range lO'MO^M. The aqueous
nitrate medium was of constant ionic strength 0.1 (H+, NaNO3) and a pH fixed at 5.2+ 0.1. The
kinetics of Co(Il) extraction were carried out using a stirred Lewis cell as described in a previous
publication (7). A fixed stirring speed of 350 rpm was used for all the kinetic experiments. The
concentration of Co(ll) in the aqueous medium was spectrophotometrically determined by measuring
its maximum absorption at 510 nm using a Shimadzu double beam spectrophotometer model 160A (8).
The concentration of Co(ll) in the organic phase was subsequently calculated by difference with the
original concentration. The concentration of Co(Il) in the organic phase are denoted by A and Aeq at
time (t) and ar equilibrium, respectively. The plots of ln(Acq -A) versus time (t) yielded straight lines
indicating a first-order reaction. The values of the observed constant kObs were calculated from the
respective slopes of these straight lines.

Interfacial Tension Measurements

Equal volumes of the aqueous nitrate and organic phases containing the investigated extractants
were used for the interfacial tension measurements using a CSC Du Nouy Tensiometer model 70545
at 2.5±0. l°C and at least three determinations were carried out for each system under investigation.

RESULTS AND DISCUSSION

The interfacial properties of Dbl8C6, 18C6 and 15C5 alone and mixed with HOX at the
chloroform nitrate interface in the concentration range 10"4-10'M are represented by the interfacial
tension measurements in Figs.l and 2. From these data, it can be seen that Dbl8C6 and its mixture
with HOX have no effect on the chloroform nitrate interface in the investigated concentration range
and under the used experimental conditions. The undetected interfacial properties of these extractants
may be ascribed to the solubility of HOX and Dbl8C6 and their mixture in the aqueous nitrate
medium which decreases their adsorption at the interface. This indicates that the solvent extraction
kinetics by either of these extractants or their mixture will be determined by a reaction taking place in
the bulk of the aqueous phase or in a region near the interface but not at the interface itself.

The interfacial tension data of the individual effect of 18C6 and 15C5 when measured alone and
mixed with HOX in the same concentration range are also represented in Figs. 1 and 2. The data show
that in the concentration range 10"4- 5x102 M, 18C6 and 15C5 have a slight effect on the chloroform -
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nitrate interface while at higher concentration this effect increases markedly. The interfacial properties
of 18C6 and 15C5 showed the same trend when measured alone, Fig. 1, or when mixed with HOX
under the same experimental conditions, Fig. 2. These data indicate that below 5xlO"2M, 18C6
orl5C5 and their mixture with HOX start to adsorb at the interface and a similar contribution of bulk
aqueous phase and interfacial reactions are expected to control the kinetics of extraction. At higher
concentration these extractants are mostly adsorbed at the interface and an interfacial reaction is the
main rate-determining step. The occurrence of a two-route mechanism has been reported for the
extraction of Cu(ll) by hydroxines with different chain lengths (9) and also in the extraction of Ag(l) by
different organophosphorus ligands(l0).

To verify the above proposed mechanism, the synergic extraction of Co(ll) by HOX-18C6
chloroform mixture from aqueous nitrate medium similar to that used in the interfacial measurements
was carried out using a stirred Lewis Cell. In this technique the simplest criteria usually used to
distinguish between a difflisional and kinetic regime is the dependency of the extraction rate on the
stirring rate . In the present work, the stirring speed was fixed at a value lying in the region where the
extraction rate becomes independent of the stirring speed (350 rpm). In this region the diffusion effect
is minimized and the extraction is mainly controlled by chemical reaction (kinetic regime) rather than
by diffusion (11). However, the chemical controlling reaction can take place either in the bulk phase or
at the interface. The site of the chemical reaction is identified from the interfacial properties of the
extractants and the effect of the interfacial area on the mass transfer rate of the extracted metal. The
extraction of Co(Il) was carried out by Dbl8C6 and HOX mixture in chloroform (0.02M per each
extractant) in different cells to vary the surface between the two-phases while fixing the volume of
each phase at 20 cm3. The plot of the specific interfacial area a (where a = interfacial area Q / volume
of the phase V) in the range 6.61-19.64 cm"1 versus the extraction rate constant, k,,i,., show the
independence of the Co(Il) extraction rate on the surface area between the organic and aqueous
phases, Fig.3. This indicate that the controlling reaction in the extraction of Co(ll) under these
conditions takes place in the bulk phase rather than at the interface (12).

The same experiments carried out by using a higher concentration of the extractants (0.06M for
each of HOX and Dbl8C6) when using the same previous cells showed similar behaviour, Fig.3. This
is also an evidence that the kinetics of Co(II) extraction by high concentration of Dbl8C6-HOX
mixture in chloroform is also controlled by chemical reaction in the aqueous nitrate phase rather than
at the interface. These extraction results verify that the kinetics of liquid-liquid extraction of metals by
0.04 or 0.06M Dbl8C6-HOX chloroform from 0.1M aqueous nitrate solution is controlled by
chemical reaction in the bulk phase rather than at the interface which justify the mechanism proposed
before from the data of Fig.2.

The role of diluent in the interfacial properties of HOX and/or DM8C6, 18C6 and 15C5 was tested
using benzene instead of chloroform while fixing all other experimental conditions. Dbl8C6 was
found to be nearly insoluble in benzene in the investigated concentration range, which could be
explained by the low solubility of benzo-substituted crown ethers in non-polar diluents (5). The
interfacial tension measurements of HOX or 18C6 showed that they have nearly no effect on the
benzene-nitrate interface under the used experimental conditions, Fig.4. This may be related to the
relatively high distribution ratio of 18C6 between benzene and water (!3J. However, the concentration
of 18C6 in the benzene phase is not negligible, which explains why in the case of HOX-18C6 mixture
the extractant molecules start to adsorb at the liquid-liquid interface and a slight a decrease in the
interfacial tension was observed, Fig.4. This indicate that the kinetics of extraction process by either
HOX or 18C6 in benzene from nitrate medium would be controlled by chemical reaction in the bulk
phase while in case of their mixture the reaction at the interface is rate controlling.

The interfacial tension data of 15C5 when measured alone or mixed with HOX are also represented
in Fig.4. The slight decrease of the iuterfacia! tension at the benzene-nitrate interface with the increase
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in the concentration of 15C5 or its mixture with HOX indicate that these extractants are adsorbed at
the interface and an interfacial reaction govern the kinetics of extraction by these extractants.

CONCLUSIONS

Variation of the diameter of contacting equipment would be of limited effect on the extraction rate
of metal ions by HOX and/or Db 18 C6 chloroform mixture from aqueous nitrate medium which
did not show interfacial properties under the studied conditions.

The solvent extraction kinetics of metal ions by 18 C6 or 15 C5 and their mixtures with HOX in
concentration < 10"5 M is slightly affected by the interfacial properties of these extractants. At
higher concentration this effect becomes marked and the design of the extraction equipment is
expected to greatly affect the extraction rate.

- The nature of diluent has a marked effect on the behaviour of extractants at the organic-aqueous
interface and plays an important role in the determination of the site of reaction controlling the
kinetics of extraction process.
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Fig. 1, Effect of Dbl8C6, 18C6 and 15C5 on 0.1M Nitrate/Chloroform Interface
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Fig.2 Effectof HOX Dbl8C6,18C6 or 15C5 mixture on the nitrate/chloroform interface
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Fig.4 Effect of HOX and/or 18C6 and 15C5 on the nitrate/benzene interface
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