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ABSTRACT

The carrier activity of several phenoxy ethers toward the facilitated transport of al-
kali metal ions through a chloroform bulk liquid membrane has been studied. A brief
description of the synthesis of carrier compounds has been given, and the mechanism
of transport process has been discussed. The organic carriers are protonated on the re-
ceiving side of a permeation cell, and the protons are exchanged with the metal ions
at the membrane interphase of the feed side. Protonation of carriers has been con-
firmed from electronic spectral studies. A high degree of selectivity for Na1 transport
has been observed when 1,2-bis-(2-acetyl phenoxy) ethane is used as carrier whereas
dibenzo-[a,e]-3,4-dihydroxy-3,4-dimethyl-7,10-dioxocyclodeca-1,5-dione facilitated
selective transport of K1.

INTRODUCTION

Transport of metal ions across a membrane plays an important role in many
biochemical processes (1, 2). Of the different types of membranes, liquid
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membrane is considered to be a very useful separation tool due to its simplic-
ity and low operation cost, and a bulk liquid membrane has the additional ad-
vantage of higher stability although the transport rate is slow.

In our previous studies we reported the transport of cations (3, 4), anions
(5, 6), and organic molecules (7) through a Nafion /modified Nafion mem-
brane. Transport of alkali metal ions through a Nafion membrane modified
with crown ethers has also been reported (8). Crown ethers are synthetic
macrocyclic compounds known to form unusually stable complexes with al-
kali metal ions, and they often demonstrate a high degree of cation selectivity
(9, 10). Therefore, they have been studied as a model carrier for the transport
of cations across cell membranes (11). Although a high degree of cation se-
lectivity has been attributed to the cage size of the ionophore, the formation of
stable complexes with a metal ion is the primary reason for the facilitated
transport process. Our interest was to look for other carriers capable of form-
ing stable complex to serve as suitable carriers for metal ions. In the transport
of alkali metal ions using diethylene glycol dibenzoate as a carrier in a bulk
liquid membrane (12), the stability of the metal ion complexes and the carrier
activity are likely due to the presence of an ether linkage. This prompted us to
examine the carrier activity of some phenoxy ethers. In the present paper we
study the transport of alkali metal ions through a bulk liquid membrane of
chloroform containing the phenoxy compounds as carriers.

EXPERIMENTAL

All reagents used were of analytical grade. Metal ion solutions (0.1 M) were
prepared by weighing appropriate amounts of their chloride salts and dissolv-
ing them in deionized water.

The carrier compounds used for the transport experiments are listed in
Table 1. They were synthesized by the reduction of 2-hydroxy acetophenone
followed by reaction with the appropriate dibromoalkane. In the case of Com-
pound e, ring closure due to the formation of a C—C linkage through the car-
bon atoms of the two carbonyl groups was effected by refluxing with TiCl3
and Mg metal in dry tetrahydrofuran under an argon atmosphere followed by
the addition of a stoichiometric amount of Compound a.

A general procedure for the synthesis is given in Scheme 1. The details of
the synthesis and characterization of these compounds and a few others will
be published elsewhere.

These carrier compounds are almost insoluble in water but freely soluble in
chloroform. The bulk membrane phase consists of a chloroform solution of
these carriers. Liquid membrane experiments were conducted using the setup
shown in Fig. 1. A 1023 M chloroform solution (50 mL) of phenoxy ether
compounds was placed at the bottom of a glass beaker (height 8 cm and i.d. 7

2070 RAMKUMAR ET AL.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

cm). A glass cylindrical tube (i.d. 2.3 cm) open at both ends was suspended
vertically 1 cm above the bottom of the beaker and well below the surface of
the chloform membrane. The source solution was 10 mL of 0.1 M metal salt
solution placed carefully on top of the chloroform layer inside the cylinder. 25
mL of aqueous hydrochloric acid solution was placed atop the outer ring of
chloroform. This served as the receiving solution. The organic phase was
stirred with a magnetic stirrer while the aqueous phases were mechanically
stirred. The pH of the aqueous phases were measured using an EIL 7030 pH
meter (India) equipped with a combination electrode. The transport studies
were carried out at 25 6 1°C. The concentrations of the metal ions in the re-
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C C

OHOH

O O

e Dibenzo-[a,e]-3,4-dihydroxy-3,4-dimethyl-
7,10-dioxocyclodeca-1,5-diene

Code R n Name

a Me 2 1,2-Bis(2-acetyl phenoxy) ethane
b H 2 1,2-Bis(2-formyl phenoxy) ethane
c Me 4 1,4-Bis(2-acetyl phenoxy) butane
d H 4 1,4-Bis(2-formyl phenoxy) butane

(CH2)n

O

O

O

O

R R

TABLE 1
Organic Compounds Used as Carriers for the Transport Experiments
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FIG. 1 Experimental setup for ion transport system. R 5 receiving phase; S 5 source phase;
C 5 chloroform layer with carrier; m 5 magnetic stirrer.

SCHEME 1 Synthesis of phenoxy ether compounds.
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ceiving phase were determined after a definite time interval using an atomic
absorption spectrometer (Hitachi 180-80 polarized Zeeman AAS). The carrier
concentration measurement and the recording of their electronic spectra were
carried out using a Shimadzu 120 UV-Visible double beam spectrophotome-
ter.

RESULTS AND DISCUSSION

The results for the single ion transport of Li1, Na1, and K1 are given in
Table 2. The table gives the concentrations of the carrier and of the metal
ions after 24 hours. The concentration of the carrier in the bulk organic
phase was about 1023M. Although the compounds are insoluble in water, it
was found from measurement of the carrier concentration at the end of the
experiment that a small amount of carrier bleeded from the membrane dur-
ing the experiment. However, this did not show any remarkable effect on the
uphill transport of the metal ions. An increase in the aciditity increased the
extent of bleeding, but a decrease in the acidity of the receiving phase re-
duced the permeation rate. Hence, the optimum acidity was arrived at by
trial and error, and the experiments were finally carried out using 0.1 M hy-
drochloric acid solution in the receiving side. In spite of the bleeding of car-
riers, the amounts of metal ions transported were quite high and comparable
with those obtained using crown ethers as carriers under identical experi-
mental conditions (13).

It was seen that the pH of the feed solution gradually decreased while that
of the receiving phase increased. This suggests a coupling mechanism for the
transport process. The ether oxygen atoms of these carriers are presumably
protonated at the interphase between the two liquids at the receiving side and
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TABLE 2
Variation of Concentration of Carriers and Metal Ions after 24 Hours

Initial Final Concentration (mmol) of metal
concentration concentration ions transported after 24 hours

of carrier of carrier
Carrier (mmol) (mmol) Li1 Na1 K1 Selectivity order

a 2.33 1.23 0.13 1.31 0.31 Na1 . K1 . Li1

b 2.13 2.01 0.10 0.22 0.15 Na1 . K1 . Li1

c 1.05 0.87 0.32 0.32 0.69 K1 . Na1 . Li1

d 1.70 1.10 0.04 0.50 0.34 Na1 . K1 . Li1

e — — 0.08 0.09 0.73 K1 . Na1 . Li1

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

the protons exchange with metal ion at the feed side as shown below:
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FEED MEMBRANE RECEIVING

CH+ 1 M+ ⇔ CM+ 1 H+ CM+ 1 H+ ⇔ CH+ 1 M+CM+

CH+

where C and M represent carrier and metal ion, respectively. The measure-
ment of H1 concentration in the source phase suggests that the ratio of moles
of metal ion transported to the receiving solution to that of H1 ion is 1:1. Thus,
this mechanism involves a net transfer of metal ions from the feed to the re-
ceiving phase and an equivalent amount of H1 moving in the opposite direc-
tion. Protonation of carriers has been confirmed from separate experiments.
The UV-visible spectra of the chloroform solutions of the carriers are shown
in Fig. 2(A). The spectra show strong absorption maxima around 325 nm.
Compounds b and d have additional maxima at 345 and 360 nm, respectively.
The organic solutions were equilibrated with 0.1 M HCl for 24 hours, and the
spectra of the organic layers were recorded again. The absorbance values for
all the bands reduced considerably (spectra not shown in Fig. 2), suggesting
loss of carriers from the organic phase during equilibration with acid. The
spectra of the acid extracts are shown in Fig. 2(B). In general, there is a re-
duction in the intensity of the peak in the spectra of the chloroform solutions
of the compounds at 325 nm and a simultaneous appearance of a new peak be-
tween 360 nm and 380 nm. These changes in the spectral features are at-
tributed to the protonation of these compounds during equilibration of the
chloroform solutions with acid. The acid extracts were then neutralized using
dilute NaOH and equilibrated with fresh chloroform. These chloroform ex-
tracts showed spectra (Fig. 2C) identical to those obtained for the original
chloroform solutions of these carriers. Coupled with the decrease of the pH of
the feed solution, the spectra not only confirms the protonation of the carriers
but also the reversibility of the protonation–deprotonation reaction. The ion-
exchange mechanism of transport was further confirmed by taking solutions
of picrate salts of the metal ions as the feed solution. Transport of the colored
picrate anions to the receiving compartment could not be visually observed or
spectrophotometrically determined even after carrying out the transport ex-
periment for more than 24 hours. However, the transport of the cations was
confirmed from their concentration measurements. Table 2 also gives a pic-
ture of carrier activity of each of the carriers toward Li1, Na1, and K1. Cou-
pled with the uphill transport, a degree of selectivity of the carriers for differ-
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ent metal ions has been observed. Since the experiments were carried out for
single ion transport, the word “selectivity” actually denotes the amount of
metal ions transported during a fixed period of time (24 hours). Carriers a and
e show a high degree of selectivity toward the transport of Na1 and K1, re-
spectively. The selectivity is expected to be governed by the stability of the
metal–carrier complex. Substitution on the ligands is not expected to have any
significant effect on the transport. Some electron-withdrawing groups, of
course, would marginally increase the basicity of the ether oxygen atoms
which are believed to enhance the ion-exchange process operative in the trans-
port. If the carrier activity had been due to the chelation of metal ions, the
structure of the ligands and the substitutions on them would have influenced
the transport property of the carriers. On the other hand, if transport was due
to the accommodation of metal ions in the ionophore, as in the case of crown
ethers, the size of the cavity would have been the important factor for the
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(B)

(C)

(A)

FIG. 2 Electronic spectra of carrier compounds in (A) chloroform solution, (B) aqueous acid
extract, and (C) chloroform after neutralization and reextraction. a, b, c, and d denote the carrier

compounds as listed in Table 1.
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transport process. Compound e was specifically chosen because it has a closed
ring structure. The carrier activity of this compound was expected to be dif-
ferent from the others (a–d ), and it was expected that the mechanism of ion
transport by this compound would be similar to the one observed for crown
ethers. However, the experimental observations suggested an ion-exchange
mechanism for the carrier activity of this compound also.

It is worthwhile to compare the transport mechanism of these carriers with
those of crown ethers. First of all, crown ethers are planar compounds which
accommodate the cations within their ionophores and the accompanying an-
ions, thus resulting in the transport of the metal salts as a whole through the
hydrophobic liquid membrane. The present carriers have open structures (ex-
cept e), and protonation of ether oxygens followed by cation exchange is re-
sponsible for transport. The linkage of ether oxygen through CH2 groups does
not imply a planar arrangement of the oxygen atoms of the ligand. In the case
of compound e the spatial orientation of the OH and CH3 groups suggests a
nonplanar geometry. In spite of this, all the compounds show sufficient carrier
activity toward the transport of alkali metal ions.

The ion-exchange mechanism of transport suggests the electrostatic nature
of the metal–carrier bond, but it is interesting to note that methyl substitution
has a positive effect on the carrier activity of the compounds but the selectiv-
ity order does not appear to be affected significantly.

CONCLUSION

Phenoxy ethers have been found to be effective carriers for the transport of
alkali metal ions across a bulk liquid membrane. The mechanism of cation
transport could be a coupled transport process involving protonation followed
by cation exchange. Compounds a and e have been found to be selective for
Na1 and K1, respectively. The transport rates are comparable to those ob-
served for the well-known crown-ether carriers. Studies on the carrier activity
of similar compounds would be of interest for the study of some biochemical
processes. Since ion exchange is the operating mechanism of transport pro-
cesses, it would be interesting to study the carrier activity of these compounds
toward divalent cations.
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