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In this research work the potentialities of microemulsion bulk liquid membrane for the selective transport of
L-tryptophan (L-Trp) and L-tyrosine (L-Tyr) are investigated at 298.15 K. Reversed micelle formed by sodium
bis(2-ethylhexyl)sulfosuccinate (AOT) in dichloroethane, was used as mobile carrier to transport amino acids
between a source and a receiving aqueous phase. The effects of pH, surfactant concentration and initial amino
acid concentration on the extraction efficiency and transfer rate of the amino acids were studied. It is verified
that for a mixture of two amino acids, L-Trp can be extracted selectively by using this type of the bulk liquid

membrane with optimized condition.
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Introduction

Recently, liquid membranes have been developed owing
to several advantages such as ease of operation and scale-up,
low energy consumption, low cost of operation, continuous
and high selectivity factors. Liquid membranes have also a
high potential application in analytical chemistry and in
mimetic systems of biological membranes.’ Liquid mem-
branes may be broadly classified into three following types:
bulk liquid membranes (BLM), emulsion liquid membranes
(ELM) and support liquid membranes (SLM). In general, the
bulk liquid membrane system can be defined as a water-
immiscible liquid phase (membrane phase) and a carrier
molecule between two liquid phases. They are called source
(donor or feed) and receiving (stripping or acceptor) phases.
The source phase contains the chemical species to be trans-
ported through liquid membrane and the receiving phase is
an aqueous solution with an initial composition depending
on the type of transport intended to be studied. The carrier,
alter the guest-permeability and facilitate the selective
diffusion across the liquid membrane.®® Advantages of bulk
liquid membranes include high degree of phase separation
which implies smaller extraction equipment, very small
amount of organic solvent and high transport fluxes.' In
recent years, there have been several reports of liquid
membranes involving a new type of mobile carrier, namely
reverse micelles or microemulsion globules.”!’ Microemul-
sions represent a major class of organized assemblies of
surfactants in solution and can largely be viewed as the com-
partmentalized liquids. The simplest, and best understood
microemulsions, are ternary systems made up of water, oil
(usually an alkane) and a single surfactant. The type of dis-
persion formed depends primarily on the volume fractions of
water and oil, so that both water-in-oil (w/0) and oil-in-water
(o/w) microemulsions may be formed. Water-in-oil micro-
emulsions (reverse micelles) consist of nanometer-sized
domains of water, stabilized by a monolayer of the sur-

factant, dispersed in the continuous oil phase. Sodium bis(2-
ethylhexyl)sulfosuccinate, called Aerosol-OT or AOT is a
well known surfactant for obtaining microemulsion systems.
Amino acids can be solubilized in the water core, or the
interface between water and surfactant layer, depending on
their electric charge."!

In the present work, for our interest in the separation of
amino acids and biological compounds, the amino acid
extraction through the bulk liquid membrane system was
investigated. The extraction efficiency and transfer rate of
two amino acids, L-Trp and L-Tyr, through the membrane
was studied. In order to define the liquid membrane process
that enables the separation objective, the influence of several
parameters has been investigated. The results indicated that
these two amino acids can be separated by the liquid
membranes under optimal experimental conditions.

Experimental

Reagents. Sodium bis(2-ethylhexyl)sulfosuccinate (Fig.
1) was obtained from Acrose Company with purity of 96%.
Sodium chloride (GR, min 99.5%), sodium tetraborate (GR,
min 99%), sodium hydroxide (GR, min 99%) and hydro-
chloric acid (37%) were purchased from Merck and used for
the preparation of buffer solutions. L-tryptophan (> 99%), L-
tyrosine (> 99%) and 1,2-dichloroethane were also purchas-
ed from Merck. Structure of these amino acids is shown in
Figure 1. All chemicals were employed without further
purification. Triply distilled water was used throughout the
experiments.

Experimental Procedures. The extraction experiments
were carried out by using a U-shaped glass tube,'? as shown
in Figure 2. Typically 25 mL of the liquid membrane, which
consists of a clear water-in-oil microemulsion dispersion of
AOT in dichloroethane with different molar ratios, were
placed in the thermostated U-tube (298.1 + 0.1 K). The source
and receiving phase were carefully and simultaneously
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Figure 1. The chemical structures of compounds used throughout
the experiments.
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Figure 2. The device employed in amino acids extraction with
liquid membrane.

inserted into the U-tube. The source phase contains 10 mL of
amino acid aqueous solution with pH between 1.8-5, having
[Na“] =0.10 mol L', present in one arm (left in Fig. 2). For
all experiments the aqueous receiving phase contain 10 mL
of a sodium tetraborate buffer solution at pH=10, which is
present in the other arm (right in Fig. 2). The liquid membrane
was magnetically stirred at 200 rpm.

The concentration of the amino acids in the receiving
phase was determined by UV-Vis measurements with a double
beam Perkin Elmer Lambda 15 UV-Vis spectrophotometer.
L-Trp and L-Tyr were detected at 275.7 nm and 272.4 nm
band absorption, respectively (Fig. 3). The weaker UV
absorption band of them was chosen because the strongest
band at 220 nm is overlapped with AOT UV absorption
band. Each experiment was repeated three times at least and
the results were reported as the average value. The pH was
measured by a digital Metrohm 691 pH-meter with glass
electrode and saturated calomel electrode. The pH of aque-
ous solution was adjusted by hydrochloric acid and sodium
hydroxide. Blank experiments were performed for reference
in the absence of carrier. No detectable extraction of amino
acid through liquid membrane was found, suggesting that
the extraction of amino acid to liquid membrane is fulfilled
by the carrier.

The water content of the microemulsion liquid membrane
phase was determined by Kyoto mks-210 Karl Fischer

Table 1. The values of W for microemulsion liquid membrane
phase

[AOT] (mol L™ W
0.005 73
0.03 10.3
0.05 12.0
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Figure 3. UV-Vis spectra of L-Trp and L-Tyr.

instrument. The water capacity of the membrane depends on
surfactant concentration. Usually the water content shown
by the ¥ value, the molar ratio of water to surfactant (W =
[H.O)/[AOT]). Karl Fisher results showed that ¥ is increased
with increasing AOT concentration. The results reported in
Table 1.

The extraction efficiency refers to the fraction of amino
acid that is extracted into the receiving phase and is defined
mathematically as'*:

=55 100 (1)
C

sT S
where C, and C; are the amino acid concentrations in
receiving and source phase, respectively. ¥, and V; are the
phase volumes. The process of diffusion in liquid membrane
is governed by Fick’s first law of diffusion. The flux values
can be calculated from the following equation.'*
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where A and ¢ are effective area of membrane (m?) and
transport time in second, respectively.

Results and Discussion

The extraction mechanism of amino acid from source
phase to receiving phase and the role of AOT in this process
are given schematically in Figure 4. At the interface between
the aqueous source phase (I) and the organic membrane
phase, an anionic surfactant (AOT") binds the cationic form
of an amino acid (AA") via electrostatic interaction. The
cationic form of an amino acid (AA"), from reverse micelles,
was extracted to the receiving phase (II) by an exchange
reaction with Na'. The electrostatic effect in the process
of amino acid solubilization in reverse micelles is important.
In these extraction experiments, the electrostatic interaction
between the anionic AOT head group and the R-NH;™ group
of AA" can occur in the aqueous pool of AOT reverse
micelles, since the ion-pair AOT"AA™ have to be solvated
by water to be effectively stabilized.""!” This mechanism of
transport process can be represented as follows.'®
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Figure 4. Mechanism of amino acids extraction by microemulsion
liquid membrane.
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Where the subscripts (s) and (r) represent the source and
receiving phases, respectively; (s)]LM and (r)]LM symboliz-
ed the interfaces between the source or receiving phases and
the liquid membrane.

Effect of Surfactant Concentration. Surfactant plays a
vital rule in maintaining the stability of microemulsion. The
concentration of AOT in the membrane phase was varied
from 0.005 to 0.05 mol L™ and the results for extraction
efficiency and flux of the amino acids were shown in Figures
5 and 6. As can be seen in the most cases by increasing AOT
concentration in the liquid membrane the extraction effici-
ency and flux is decreased. The extraction loss at high AOT
concentration may be related to the uptake mechanism in the
source phase. The microscopic partitioning of the amino
acids between the amphiphile layer and the water pool
becomes less when AOT concentration or the size of the
water pool increases (Table 1).

Effect of pH. The ionization state of the amino acids in
the source phase can be changed by changing the pH. The
influence of different pH values, 1.8, 3 and 5 in the source
phase on extraction was examined. The extraction efficiency
and flux were calculated with an initial L-Trp and L-Tyr
concentration of 4 x 10~ mol L™! at different pH. As can be
seen from Figures 5 and 6 the extraction efficiency and flux
of L-Trp and L-Tyr is affected by the pH of the source phase.
Surprisingly, this effect is completely different for L-Trp and
L-Tyr. As shown in Figure 5, the extraction efficiency and
flux for L-Trp decreases with increasing of the pH. Whereas
the results in Figure 6 indicate that the extraction efficiency
and flux of L-Tyr increase with increasing of the pH. It
should be pointed out that, this trend for the effect of pH is
not general for all AOT concentrations. The optimum condi-
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Figure 5. Effect of pH in the source phase and surfactant concent-
ration on the (a) extraction efficiency and (b) flux of L-Trp.
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Figure 6. Effect of pH in the source phase and surfactant
concentration on the (a) extraction efficiency and (b) flux of L-Tyr.

tions for extraction of these two amino acids have been
found to be as follows: pH=1.8 in the source phase and
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Figure 7. Effect of initial amino acid concentration on the extrac-
tion efficiency for [AOT] = 0.05 mol L™" and pH=5.

0.0002

0.005 mol L' AOT in the membrane, for L-Trp; pH=5 in the
source phase and 0.05 mol L™' AOT in the membrane, for
L-Tyr.

Effect of Initial Amino Acid Concentration. The effect
of the initial amino acid concentration on the extraction
efficiency and flux has been also investigated at a constant
concentration of AOT. The concentration of amino acids
was changed from 2 x 10™ to 4 x 10~ mol L. The results
obtained at [AOT] = 0.05 mol L' and pH=5 of source
phase, are shown in Figure 7. The experimental results show
that the extraction efficiency, for two amino acids is increased
with decreasing initial amino acids concentration.

Separation of Two Amino Acids. For the final step, we
have examined the potentialities of the reverse micellar
carriers to achieve the separation of amino acids having
different hydrophobicities. We performed separation of two
amino acids by the microemulsion liquid membrane at the
optimized condition. As can be seen from Figure 7, the
selective extraction occurred at higher amino acids concent-
ration. Then the start point is same concentration 0.004 mol
L' of two amino acids in the source phase. The results
showed that for a mixture of the amino acids, L-Trp can
selectively extracted to receiving phase at pH=1.8 and
[AOT] = 0.005 mol L™" and L-Tyr at pH=1.8 and [AOT] =
0.05 mol L™" conditions.

Conclusion

In this research we have examined the specific ability of
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AOT reverse micelle membrane to separate two amino acids
L-Trp and L-Tyr. It was shown that the extraction depends on
the pH of the source phase, surfactant concentration and
initial amino acid concentration in the source phase. It is
verified that the suitable parameters for extraction of L-Trp
would be pH of 1.8 in the source phase and AOT concent-
ration of 0.005 mol L' in the membrane phase and for
L-Tyr, pH of 5 and AOT concentration of 0.05 mol L. The
results obtained here indicate that the selective separation of
two amino acids L-Trp and L-Tyr with optimized condition is
possible. The results also suggest further possibilities for
optimal separation of other biological species containing
these two amino acids by means of this type of liquid mem-
branes.
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