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Selective and Efficient Liquid Membrane
Transport of Thallium (III) Ion by

Potassium-dicyclohexyl-18-crown-6 as
Specific Carrier

Javad Zolgharnein, Hassan Shams, and Gholamhassan Azimi

Department of Chemistry, Faculty of Science, Arak University,

Arak, Iran

Abstract: Potassium-dicyclohexyl-18-crown-6 was used as a selective and efficient

carrier for the uphill transport of thallium (III) ion as [TlCl4]
2 complex ion through

a chloroform bulk liquid membrane. By using oxalate anion as a metal ion acceptor

in the receiving phase, the amount of thallium (III) transported across the liquid

membrane after 120 min was 96+ 2%. The selectivity and efficiencies of thallium

transport from aqueous solutions containing Cu2þ, Zn2þ, Ni2þ, Cd2þ, Pb2þ, Co3þ,

Mn2þ, Cr3þ, Mg2þ, Ca2þ, Kþ, Naþ, and Fe3þ ions were investigated. In the presence

of Na3PO4 (0.01 M) at pH ¼ 3 as a suitable precipitation agent in the source phase,

the interfering effect of Pb2þ ion were diminished drastically.

Keywords: Potassium-dicyclohexyl-18-crown-6, bulk liquid membrane, thallium (III)

ion, oxalate

INTRODUCTION

The highly toxic behavior of thallium compounds in contact with human,

environmental, and biological systems, causes so much effort to prevent its

pollution effects (1). Thallium is introduced into the environment mainly as

a waste from the production of zinc, cadmium, and lead by the combustion

of coal (2). Thallium(III) is usually present in lead(II), cadmium(II), indium
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(III), or zinc (II) compounds as a trace constituent (3, 4). Thallium (III) forms

very stable complex species and has the highest coordination number CN ¼ 8

in its chelates with polyaminopolycarboxilic acids (5). Also thallium (III)

forms alloys with a number of metals such as silver, lead, and antimony.

Therefore, because of its importance from the environmental pollution

view, the separation of thallium (III) from the other metal ions has been a

subject of great analytical interest (3). Unfortunately, there are few papers

on the separation of thallium (III) (1–4). Among the separation methods

ion-transport is a highly selective, efficient, simple, and inherently a

reaction-based method with facile controllable carrier reaction conditions

(6–8). It has also the major advantage of the extraction since stripping and

regeneration operations are combined in one single step (9). To the best of

our knowledge, there is no report about thallium (III) ion–transport through

bulk liquid membrane. So, we have been interested in designing a system

for the transport of thallium (III) ion through bulk liquid membrane using

macroclic polyethers as selective carriers (6–9).

In this study, we describe a new selective and efficient liquid membrane

system containing potassium-dicyclohexyl-18-crown-6 for the selective

transport of thallium (III) ion as [TlCl4]
2 counter ion. The receiving phase

contains the oxalate anion which was found to play an important role in the

ion- transport process (7–11).

EXPERIMENTAL

Reagents and Chemicals

Reagent grade benzo-15-crown-5 (B15C5), 4-nitrobenzo-15-crown-5

(NB15C5), phenylaza-15-crown-5 (PhA15C5), 18-crown-6 (18C6), dibenzo-

18-crown-6 (DB18C6), dibenzopyridino-18-crown-6 (DBPY18C6), dicyclo-

hexyl-18-crown-6 (DC18C6, Scheme 1),decyl-18-crown-6 (decyl-18C6),

and were all purchased from Merck and were used as received. Analytical

grade potassium chloride, oxalic acid, thallium (III) nitrate, and the nitrate

salts of other cations (all from Merck) were of the highest purity available

and used without any further purification, except for vacuum drying over

P2O5. Extra pure chloroform (Merck) was used for the organic phase.

Doubly distilled deionized water was used throughout.

Apparatus

A bulk liquid membrane cell was used in this study (12). A Perkins Elmer

3800 atomic absorption spectrophotometer was used for all the measurements

of the metal concentrations in the aqueous phases. The atomic absorption

measurements were made under recommended conditions for each metal
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ion. A digital pH meter, Metrohm model 722, equipped with a combined

glass-calomel electrode was used for the pH adjustments.

Procedure

A cylinder glass cell (inside diameter 4.0 cm) holding a glass tube (inside

diameter 2.0 cm), thus separating the two aqueous phases, was used. The

inner aqueous phase (source phase, SP, 5 ml) contained thallium (III) nitrate

(2.0 � 1024 M) potassium chloride (1.0 � 1021 M). The outer aqueous

phase (receiving phase, RP, 10 ml) contained oxalic acid (1.0 � 1022 M).

The membranes phase (MP) containing 20 ml of 1.0 � 1023 M DC18C6 in

chloroform layer below these aqueous phases, and bridged the two aqueous

phases. The organic layer was magnetically stirred by a Teflon-coated

magnetic bar (2.0 cm � 5 mm) at 120 rpm. The experimental set-up is

shown in Fig. 1. Under these conditions, not only the mixing process is

uniform but also the interfaces between the organic membrane and the two

aqueous phases remained flat and well-defined. Determination of the metal

ion concentration in both aqueous phases was carried out by AAS. Reprodu-

cibility was confirmed as 2% or better. A similar transport experiment was

carried out in the absence of the carrier for reference. No transport of any

metal ions occurred in the absence of the ion carrier DC18C6. All experiments

were carried out at 258C.

Figure 1. Representation of the bulk type liquid membrane cell used: (A) source

phase, (B) receiving phase, (C) membrane phase, (D) magnetic stirrer.

Scheme 1. Structure of ion-carrier DC18C6 (I).

Liquid Membrane Transport of Thallium (III) Ion 2305

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



RESULTS AND DISCUSSION

The complexing ability of ordinary crown ethers towards charged heavy metal

ions such as Tl (III) is quite low (13, 14). So that designing the liquid

membrane transport of the thallium (III) ion by using such crown ethers is

impossible. But thallium (III) strongly binds to unidentate ligands such

as Cl2 and I2 to form charged ionic species [TlCl4]
2 or [TlI4]

2 (15).

Therefore the [TlCl4]
2 can be readily introduced to the organic phase. Pre-

viously 18-crown-6 has been used as a carrier for both cationic and anionic

forms of metal ions, but low lipophilicity of it caused substantial bleeding

from the membrane phase into the aqueous phase and the efficiency of

membrane gradually decreased (16, 17). To overcome this, and enhance the

efficiency of the carrier, we chose dicyclohexyl-18-crown-6 as a carrier in

the form of Kþ2dicyclohexyl-18-crown-6 for the liquid membrane transport

of the thallium (III) ion. The potassium ion was used as the co-transported

cation of the thallium (III) ion because of its good fitness into the 18-crown-

6 ring (13). Consequently, the amount of complex cation available to form

an ion-pair with [TlCl4]
2 will be greatest in the case of Kþ resulting in the

largest extent of partitioning into the organic layer (18). However, in the

presence of excess chloride ion, Tl (III) ion will form a relatively stable and

bulky anion [TlCl4]
2 with log b4 ¼ 16.3 and low hydration energy (19),

which can easily accompany Kþ-18-crown-6 cations into the membrane phase.

The influence of the concentration of KCl in the source phase on

thallium (III) ion transport was investigated and the results are shown in

Fig. 2. It is evident that the percentage of transported thallium (III) ion

increases with increasing the concentration of KCl. Maximum transport

Figure 2. Effect of potassium chloride concentration in the source phase on thallium

(III) ion transport. The experiment conditions as in Table 1 except for oxalic acid.
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occurs when the concentration of the salt is equal 0.1 M. A further increase in

the concentration of potassium chloride has no considerable effect on the

transport efficiency. It is interesting to note that, in the absence of KCl, the

transport of thallium (III) ions via [Tl(III)-DC18C6](NO3)3 ion pairs into

the membrane are negligible.

The percentages of thallium (III) ion transported in the presence of

different stripping agents obtained under similar experimental conditions are

listed in Table 1. The use of C2O4
2- ion as stripping ligand in the receiving

phase caused a large enhancement in the efficiency of Tl(III) ion transport

when compared with the case of other receiving agents such as citrate,

tartarate, EDTA, NaBr, and NaI.

The effect of oxalic acid concentration in the receiving phase on thallium

(III) ion transport was investigated and the results are shown in Fig. 3. Note-

worthy, the absence of a metal ion acceptor in the receiving phase resulted in

negligible thallium (III) transport. As expected, it was found that the nature

and composition of the ligand used as a scavenger for the transported metal

ion in the receiving phase could have a significant effect on the efficiency

and selectivity of transport (16, 20–23).

In this study we also verified the best pH region of the source and

receiving phase for the quantitative transport of Tl(III) ion was studied. The

pH values were adjusted by addition of 0.1 M HNO3 and sodium hydroxide.

As shown in Table 2, it was found that at pH ¼ 3 of the source phase, the

transport of thallium (III) ions into receiving phase is maximum and for the

receiving phase in a wide pH range (1–6), the transport of thallium (III)

into the receiving phase is quantitative and variation of pH caused negligible

change in the transport efficiency. The pH ¼ 3 the for source phase is due to

very low solubility product of Tl(OH)3.

Table 1. Effect of the receiving agent on thallium (III) transport

Stripping

agent

Percentage

transported in

to receiving

phase

Percentage

remaining in

the source

phace

EDTA 90 4

Tratraic acid 93 4

NaI 2 28

Oxalic acid 95 4

NaBr 8 7

Citric acid 33 5

Conditions: Source phase: 5 ml of 2.0 � 1024 M Tl(III), 0.1 M KCl,

Membrane phase: 20 ml of 1.0 � 1023 M DC18C6 in chloroform,

Receiving phase: 10 ml of 1.0 � 1022 M stripping agent, Time of

transport: 120 min.
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As we anticipated, the nature of the macrocyclic crown ether used as

carrier in the organic membrane phase was found to have a pronounced

effect on the permeability of the membrane system designed for thallium

(III) ion transport. Under the same experimental condition, we also verified

some other crown ethers as carriers for the transport of [TlCl4]
2 anions in

the presence of Kþ ions. The results are shown in Table 3. As can be seen

decyl-18C6, 18C6, and DC18C6 are the most suitable carriers for the

anionic transport of thallium (III), mainly due to their proper cavity size for

Table 2. Effect of pH of receiving phase on thallium (III) ion transport

pH of receiving

phase

percentage

transported

into receiving

phase

Percentage

remaining in

the source

phase

1 94 5

2 95 4

3 96 3

4 95 4

5 94 5

6 90 4

7 72 5

8 46 4

Experimental conditions as in Table 1.

Figure 3. Effect of oxalic acid concentration in the receiving phase on thallium (III)

ion transport from chloroform membrane. The experiment conditions as in Table 1,

except for oxalic acid.
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Kþ ion (13). Consequently, they show the highest stability of the complexes in

the series. Some increased transport efficiency of DC18C6 over those of others

as mentioned before is related to the lower solubility of the former crown ether

in the aqueous phases. It is worth mentioning that, in the case of DB18C6 and

DBPY18C, despite their proper cavity size for Kþ ions, showed much lower

transport efficiency in comparison with the three other 18-crowns used. This

is due to the diminished stability of their Kþ complexes because of the substi-

tution of benzo and benzo pyridyl groups, respectively (24). However, in the

case of the macrocycle of smaller ring sizes such as B15C5, PhA15C5, and

NB15C5 the improper cavity size for Kþ decreases the stability of the

complex, and the transport of the thallium (III) ion through the liquid

membrane diminishes drastically.

The effect of concentration of DC18C6 in the membrane phase on the

transport of thallium (III) ion was studied and the results are shown in Fig 4.

It is obvious that the percentage transport of thallium (III) ion increases with

increasing concentration of macrocycle in chloroform. Maximum transport

occurs at a concentration � 1.0 � 1023 M. A further excess of carrier does

not have any considerable effect on the thallium (III) ion transport.

The time dependence of thallium (III) ion transport through the liquid

membrane proposed under the optimal experimental conditions was investi-

gated and the results are shown in Fig 5. It can be seen that the extraction

of thallium (III) ion from the source phase into the organic membrane

occurs with a higher rate than releasing it into the receiving phase. It is

found that under the optimum conditions, the transport of thallium (III) ion

from the source phase into the receiving phase after 120 minutes equals

96%. The reproducibility of thallium (III) ion transport was investigated

Table 3. Effect of the carrier structure on the thallium (III) ion transport

aCarrier

Percentage

transported

into receiving

phase

Percentage

remaining in

the source

phase

B15C5 40 55

NB15C5 3 97

PhA15C5 43 55

18C6 92 6

DB18C6 12 88

DBPY18C6 42 53

DC18C6 95 4

decyl-18C6 88 9

Experimental conditions as in Table 1.
aMembrane phase: 20 ml of 1.0 � 1023 M of each carrier in

chloroform.
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and the percent of metal ions transported after 120 min obtained from six

replicate measurements was found to be (96+ 2)%.

In order to further study the selectivity of the membrane system for the

thallium (III) ion, the percentage transport of thallium (III) ion and Mnþ

cations, which were present with thallium (III) ion in equimolar concentration,

into receiving phase were determined and the results are summarized in

Figure 5. Time dependence of thallium(III) ion transport from chloroform mem-

brane. The same conditions as mentioned in Table 1. Liquid membrane system for

transport of Tl(III) ions.

Figure 4. Effect of DC18C6 concentration in the membrane phase on thallium (III)

ion transport from chloroform membrane. The experiment conditions as in Table 1.
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Table 4. As shown among a variety of cations studied, only Pb2þ ions show

some potential interfering effect. This is expected because of stronger

complex formation between Pb2þ with DC18C6 than others (13, 25). As

can be seen from Table, 4 (mixtures 7 and 8) the interference effects of

Table 4. Amounts of cations transported from various

cation mixtures through the liquid membrane

Cation

Percentage

transported

into receiving

phase

Percentage

remaining in

source phase

Mixture 1

Tl(III) 94 4

Co2þ 0 100

Ni2þ 0 100

Cd2þ 0 100

Mixture 2

Tl(III) 91 5

Mn2þ 0 99

Zn2þ 1 98

Mixture 3

Tl(III) 92 4

Fe(III) 1 99

Cr3þ 0 100

Mixture 4

Tl(III) 92 4

Mg2þ 1 99

Ca2þ 0 100

Mixture 5

Tl(III) 92 4

Naþ 4 96

Kþ 2 98

Mixture 6

Tl(III) 95 4

Al3þ 0 100

Mixture 7

Tl(III) 94 4

Pb2þ 83 5

Cu2þ 0 100
aMixture 8

Tl(III) 95 4

Pb2þ 8 12

Cu2þ 0 100

Experimental conditions as in Table 1.
aAfter addition of 1.0 � 1022 M Na3PO4 at pH ¼ 3 to the

source phase.
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Pb2þ can be eliminated in the addition of Na3PO4 (0.01M) at pH ¼ 3 as a

proper masking agent to the source phase. The high selectivity of thallium

(III) ion transport over the other cations used can be primarily related to the

higher stability of the chloride complex of Tl(III) ion compared to those of

the other metal ions used (15). On the other hand, the high affinity of

oxalate for thallium (III) ions over most of the other cations tested is

another important factor in determining the selectivity of Tl(III) ion

transport. It is interesting to note that, under optimal experimental conditions,

most of the other Mnþ cations used revealed no measurable interfering effect

even when the excess amount of Mnþ/ Tl (III) � 200 was employed.

A proposed mechanism of thallium (III) ion transport across the liquid

membrane is presented in Fig. 6. The transport process follows this

sequence of steps (17) at the source phase–membrane interface, the

Kþ2DC18C6 complex is formed. Since the [TlCl4]
2 complex anion is less

hydrated than other anions present in the source phase, it will form an

ion pair with the potassium-crown complex cation. Partitioning of

(Kþ2DC18C6) (TlCl4
2) complex into the organic membrane. Diffusion of

the [Kþ2DC18C6] [TlCl4]
2 across the membrane. The release of Tl(III) and

Cl2 into a receiving phase containing the oxalate anion with high affinity for

complexes with thallium (III) ion. Diffusion of DC18C6 back across the

membrane to the source phase-membrane interface where the cycle is repeated.

CONCLUSION

The results obtained in this study showed that we could selectively transport

the thallium (III) ion through a liquid membrane. The proposed system is a

selective transport of thallium (III) ion as [TlCl4]
2 using of Kþ-DC18C6 as

Figure 6. Liquid membrane system for transport of Tl(III) ions.
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carrier. The interfering effect of Pb2þ ion can be diminished by adding

Na3PO4 (0.01 M) into the source phase and adjusting pH to 3. At optimum

conditions (96+ 2)% thallium (III) ion is transported into the receiving

phase after 120 minutes.
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