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A chloroform membrane system containing a given mixture of benzylaza-12-crown-4 and oleic acid is
introduced for the selective and efficient transport of Pb** ion. The transport was capable of moving metal ions
‘up-hill’. In the presence of S,03”> ion as a suitable metal ion acceptor in the receiving phase, the amount of
lead ion transport across the liquid membrane after 150 minutes is (95.0 = 1.7)%. The selectivity and efficiency
of lead transport from aqueous solution containing T1*, Ag", Mg**, Ca**, Co®*, Ni**, Cu**, Zn**, Hg*" and Cd**
were investigated. In the presence of thiosulfate as a suitable masking agent in the source phase, the interfering

effects of Ag" and Cu®* were diminished drastically.
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Introduction

Selective removal of Pb** for environmental remediation
and in the treatment of acute and chromic lead poisoning
remains an important objective. Attempts to remove toxic
heavy metal ions (e.g,, Cd**, Hg*" and Pb*") from the
environment and from biological systems have utilized a
variety of separation methods such as adsorption, preci-
pitation, solvent extraction and liquid membrane transport.
Carrier-mediated transport of metal ions through bulk liquid
membranes is not only interesting for its potential as a model
for a biological membrane, but also for its potential appli-
cations to selective removal, concentration and purification
of metal ions from their mixtures.*

The complexing ability of crown ethers toward soft heavy
metal ions is quite low."® This problem has been overcome
by substitution of some oxygen atoms by sulfur or nitrogen
atoms which results in a considerable increase in the stability
of cations such as Ag', TI*, and Hg?" ions in solution,”
while diminishing the stability constants of their alkali and
alkaline earth complexes.® A major problem associated
with the use of aza-substituted crown ethers as metal ion
carriers is their substantial bleeding from the membrane
phase into the aqueous phase. It has been shown that the
addition of long chain fatty acids to the membrane phase
could not only overcome the carrier loss but also provide a
cooperative effect in the uphill transport of metal ions
through the liquid membrane via imparting a greater
lipophilicity to the carrier species.'*!®

In recent years, we have used some aza- and thia-
substituted macrocyclic compounds as neutral ion carriers in
membrane transport,'*!* supported liquid membrane trans-
port,'* carbon paste ion selective electrodes,'> and in PVC-
membrane electrode studies of some metal ions.'*!®

In this investigation, it found that benzylaza-12-crown-4
(BzA12C4) and oleic acid (OA) can act as excellent specific
ion carrier for the highly efficient and selective transport of

Pb*>" ion through a bulk chloroform membrane. In the
presence of thiosulfate as a suitable metal ion acceptor in the
receiving phase, a mixture of 7.0 x 10™* M of BzA12C4 and
0.04 M of OA in chloroform phase was found to transport
the Pb®" ion quantitatively and selectively across the liquid
membrane at 150 min.
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Experimental Section

Reagents and chemicals. Benzylaza-12-crown-4
(BzA12C4), dicyclohexyl-18-crown-6 (DC18C6), dibenzo-
18-crown-6 (DB18C6), benzo-15-crown-5 (B15C5), aza-18-
crown-6 (A18C6), dibenzyldiaza-18-crown-6 (DBzDA18C6)
and dibenzodiaza-15-crown-4 (DBDA15C4) were pur-
chased from either Fluka or Merck chemical companies and
used as received. Extra pure chloroform (Merck) was used
as the membrane organic solvent. Analytical grade sodium
thiosulfate, lead nitrate, and the nitrate salts of other cations
used (all from Merck) were of the highest purity available
from and used without further purification except for
vacuum drying over P»,Os. Doubly distilled deionized water
was used throughout.

Apparatus. A bulk type liquid membrane cell” was used
in all experiments (Figure 1). A Varian-10 atomic absorption
spectrophotometer (AAS) was used for monitoring the metal
content of the aqueous phases, under the recommended
conditions for each metal ion.

Procedure. All transport experiments were carried out at
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Figure 1. Representation of the bulk type liquid membrane cell
used: SP, source phase; RP, receiving phase; MP, membrane phase;
A, magnetic stirrer.

ambient temperature. A cylindrical glass cell (inside diam-
eter 4.0 cm) holding a glass tube (inside diameter 2.0 cm),
thus separating the two aqueous phases, was used (Figure 1).
The inner aqueous phase (source phase, SP, 5 mL) contained
lead nitrate (1.0 x 10™* M). The outer aqueous phase
(receiving phase, RP, 10 mL) included sodium thiosulfate
(0.2 M). A chloroform phase (20 mL) containing BzA12C4
(7.0 x 10™* M) and OA (0.04 M) lay below these aqueous
phases, and bridged them. The organic layer was magnetic-
ally stirred by a Teflon-coated magnetic bar (2 cm x 5 mm
diameter) at 150 rpm. Samples of both aqueous phases were
analyzed for metal content by AAS. A similar transport
experiment was carried out in the absence of the cooperative
carrier for reference. The detailed conditions are included in
the tables of the text.

Results and Discussion

The liquid membrane used in this study is shown
schematically in Figure 2. The Pb*" ion is transported from
the source phase to the receiving phase via a chloroform
membrane. The movement of charged species through the
hydrophobic liquid membrane is accomplished by the
presence of a cooperative host composed of BzA12C4 and
OA. After complexation of the carrier with Pb*" ion on the
left side of the membrane, the complex diffuse down its
concentration gradient. On the right side of the membrane,
the metal ion would be released into the receiving phase via
formation of a ternary complex (carrier-metal ion-thio-
sulfate). At this stage, the free carrier diffuses back across
the liquid membrane. The net result is the transport of Pb**
ion from the aqueous source phase to the aqueous receiving
phase across the bulk of organic phase (the membrane).

The preliminary experiments revealed that BzA12C4
alone was not an effective carrier for the efficient transport
of lead through the bulk liquid membrane. This is mainly
due to the considerable solubilities of the free and
complexed forms of the macrocyclic ligand inm aqueous
phases. However, as it has been noticed elsewhere,'*'>'° the
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Figure 2. Liquid membrane system for transport of Pb*" ions.

addition of a long chain fatty acid such as oleic acid not only
significantly reduces the degree of carrier loss, but also
could have a cooperative effect in the uphill transport of Pb**
ion through the liquid membrane. A possible reason for this
cooperative behavior would be existence of some proton
donor-acceptor interaction between the lipophilic fatty acid
(as proton donor) and nitrogen atom of the BzA12C4 (as
proton acceptor), which can impart a grater degree of
lipophilicity to the crown ether-metal ion complex, in order
to facilitate the cation transport through the liquid
membrane.'" Another possibility is that the fatty acid would
form an inverse micelle,””?! inside of which the carrier
molecule and its lead complex may be trapped. The crown
ether may then be easily transported across the membrane
inside the inverse micelle formed.

The membrane system was first optimized with respect to
the relative concentration of BzA12C4/0OA, by keeping the
amount of one of the constituents constant and varying the
concentration of the other one. The results are summarized
in Tables 1 and 2. As seen, while BzZA12C4 and OA alone
can transport about 18% and 6% of lead after 150 min,
respectively, a given mixture of them (about 7 x 10™* M
BzA12CA and 4.0 x 107> M OA) is much more effective in
the efficient transport of lead.

Table 1. Effect of BZA12C4 concentration in the membrane phase
on Pb** ion transport?

Ligand Percentage Percentage
concentration transported remaining
M) into receiving phase in source phase

0.0 6 87
20x10™ 40 42
3.5%x 107 71 16
50x 107 86 5
6.0x 107 90 2
7.0x 107 95 2
8.0x 10 96 1

“Conditions: source phase, 5 mL of 1.0 x 10~ M Pb**; membrane phase,
20 mL of varying amount of BzA12C4 and 0.04 M of OA; receiving
phase, 10 mL of 0.2 M sodium thiosulfate; time of transport, 150 min.
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Table 2. Effect of oleic acid concentration in the membrane phase
on Pb** ion transport”

OA concentration Percentage Perce_n t.a ge
transported remaining
™M) . .. .
into receiving phase in source phase
0.00 18 81
0.01 73 25
0.02 82 18
0.03 92 8
0.04 95 1
0.05 95 1

“Conditions: source phase, 5 mL of 1.0 x 10 M Pb**; membrane phase,
20 mL of 7.0 x 10~ M BzA12C4 and varying amount of OA; receiving
phase, 10 mL of 0.2 M sodium thiosulfate; time of transport, 150 min.

Permeability of the membrane system for Pb*" ion with
respect to different stripping agents in the receiving phase
was investigated. As expected, it was found that the nature
and composition of the ligand used as the scavenger for the
transported metal ion in the receiving phase could have a
significant effect on the efficiency and selectivity of lead ion
transport.'’” The use, of $,05™ as stripping ligand in the
receiving phase caused a large enhancement in the efficiency
and selectivity of Pb*" ion transport. While, the presence of
other receiving agents such as thiourea, citric acid, ammo-
nium acetate, L-cystein and L-serin resulted in a pronounced
decrease in the efficiency of lead transport. This is most
possibly due to lower stability of Pb** ion complexes with
these receiving agents, in one hand, and their increased
tendency for complexation with interfering ions such as Ag”,
Cu?", Ni?" and Co?", on the other hand.?** The maximum
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Figure 3. Effect of sodium thiosulfate concentration in receiving
phase on lead transport. Conditions: source phase, 5 mL of 1.0 x
104 M Pb*"; the membrane phase, 20 mL of 0.04 M OA and 7.0 x
10* M of BzA12C4 in chloroform; receiving phase, 10 mL of
varying amounts of thiosulfate; time of transport, 150 min.
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Table 3. Effect of carrier structure on Pb** ion transport*

Percentage Percentage

Carrier transported remaining
into receiving phase in source phase

BzA12C4 95 2
DBzDA18C6 92 0
DBDA15C4 85 8
A18C6 65 0
DB18C6 27 60
BI15C5 11 85
DC18C6 8 85

“Conditions: source phase, 5 mL of 1.0 x 10~ M Pb**; membrane phase,
20 mL of 7.0 x 10~ M ligand and 0.04 M OA; receiving phase, 10 mL of
0.2 M sodium thiosulfate; time of transport, 150 min.

concentration of sodium thiosulfate in the receiving phase
was investigated and results are shown in Figure 3. As seen,
maximum lead transport occurs in the presence of 0.15 to
0.25 M thiosulfate in the receiving phase. It is interesting to
note that absence of a metal ion acceptor in the receiving
phase resulted in no promising lead transport, even at much
longer periods of time.

The permeability of the membrane system used for
transport of Pb** ion was found to be largely dependent on
the nature of macrocyclic ligand used in the binary carrier. In
other experiments, and under the same experimental condi-
tions, six other crown ethers were used as carrier for
transport of lead ion, and the results are given in Table 3. As
seen, while in the case of ordinary crown ethers (ie.,
DC18C6, B15C5 and DB18C6) the percent lead transport is
at the most 27%, the use of aza-substituted crowns (i.e.,
A18C6, DBzDA18C6, DBDA15C4 and BzA12C4) the lead
ion transport efficiency is quite high. This is mainly due to
the increased stability of Pb** ion as a soft acid with the aza-
substituted crown ethers, containing some donating nitrogen
as soft bases, over the Pb*"-ordinary crown complexes.'*%426
Thus, in the case of DC18C6, B15C5 and DB18C6 the
transport efficiency is low, mainly due to incomplete
extraction of Pb*" from the source phase into the organic
membrane. On the other hand, in the case of A18C6,
DBzDA18C6, BzA12C4 and DBDA15C4, the extraction of
lead ion into the membrane is almost quantitative, empha-
sizing the cooperative action of the macrocycles in the
presence of OA. However, among, A18C6, DBzDA18C6,
DBDA15C4 and BzA12C4 molecules, the rate of release of
Pb*" ion from the membrane into the receiving phase is
largest for BzA12C4, most probably because of the higher
stability of its complex with Pb’>" in comparison with
A18C6-Pb**, DBzDA18C6-Pb*", and DBDAI15C4-Pb**
complexes.'®

Additionally, the concentration-time profile of Pb*" ion
transport through the liquid membrane under optimal
experimental conditions was studied. Figure 4 shows that
both the extraction of Pb*" ion from the source phase into the
membrane and its release from the membrane into the
receiving phase are fast, so that the lead transport occurs
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Figure 4. Time dependence of Pb*" transport. Conditions: source
phase, 5 mL of 1.0 x 10* M Pb*"; membrane phase, 20 mL of 0.04
M OA and 7.0 x 10* M of BzA12C4 in chloroform; receiving
phase, 10 mL of 2 M of thiosulfate.

Table 4. Amount of cation transported from various cation
mixtures through the membrane

. Percentage transported ~ Percentage remaining

Cations . .. .
into receiving phase in source phase

Mixturel
Pb* 88 2
Ni?* 7 90
Co* 8 91
Mixture 2
Pb** 91 3
Mg 2 97
Zn* 4 94
Mixture 3
Pb* 88 8
cd* 2 83
Hg** 0 85
Mixture 4
Pb* 81 1
Cu* 40 24
Ca? 0 99
Mixture 5
Pb** 83 3
Ag" 14 20
TI* 0 97

“Conditions: source phase, 5 mL of 5.0 x 10 M Pb*" and other metal
ions; membrane phase, 20 mL of 7.0 x 10 M ligand and 0.04 M OA;
receiving phase, 10 mL of 0.2 M sodium, thiosulfate; time of transport,
150 min.

after 150 min almost quantitatively under the optimal
conditions. The reproducibility of Pb*" ion transport was
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Table 5. Amount of cation transported from a cation mixture
through membrane in the presence of sodium thiosulfate in source
phase as masking agent”

Percentage Percentage 2>

. . Lo, S20;

Cation transported into  remaining in ™)
receiving phase source phase

Mixture 1
Pb** 92 2 0
Cu* 40 24
Ag" 14 20
Mixture 2
Pb** 94 2 2.0x 107
Cu* 36 43
Ag" 10 74
Mixture 3
Pb** 91 6 4.0x10™
Cu* 9 62
Ag" 3 84

“Conditions similar to those mentioned in Table 4 except for varying
concentrations of sodium thiosulfate in the source phase.

studied and the percent of transport after 150 min from eight
replicate measurements was found to be (95.0 £ 1.7)%.

The selectivity of the above system for transport of lead
over other cations was investigated by examining the
percentage transport of Pb** and M"™ cations, which were
present with lead ion in equimolar concentrations (Table 4).
As illustrated in Table 4, among the different cations tried,
Cu’" and Ag" ions interfere in the transport of lead ion. It is
noteworthy that the negligible interfering effect of other
cations could be related to different parameters, including
improper ionic size, high hydration energy, and especially
decreased tendency for binding with thiosulfate ion.”>*’ The
interfering effects of silver and copper ions on the lead
transport were, however, significantly decreased by the
addition of low concentrations of sodium thiosulfate, as a
suitable masking agent, to the source phase. It should be
noted that silver and copper ions form complexes with
thiosulfate ion which are much more stable than that with
lead ion.> The influence of increased concentration of
thiosulfate ion on the interfering effect of Cu? and Ag" ions
are given in Table 5. As it is clear, in the presence of 4.0 x
10 M of thiosulfate, the interfering effects of these cations
have been reduced significantly.

Conclusion

The quantitative transport of Pb>* ion through a chloro-
form-BzA12C4/0OA bulk liquid membrane was investigated.
The optimum conditions of transport was found as 7.0 x
10* M BzA12C4 and 0.04 M OA in the chloroform
membrane, 0.2 M NaSCN in the receiving phase and a
transport time period of 150 min. The possible mechanism
of transport was discussed. The simplicity, low cost, high
efficiency and selectivity and a relatively short time period
for Pb*" ion transport obtained by the liquid membrane
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system demonstrate its potential applicability to selective
removal, concentration or purification of lead from its
mixtures.
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