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ABSTRACT

Both interphasic water/organic solvent transfer and transport through liquid mem-
branes may be influenced to a certain extent by several physicochemical factors like
the structure of the ligand, the nature of the cation, the type of the anion (acting as a
counterion), the interfaces thermodynamic equilibria, and the nature of the membrane
solvent. The effects of these factors upon both the transfer and the transport through
liquid membranes of complexes of some amino acids (L-tryptophane, L-methionine,
L-phenylalanine, L-leucine, L-isoleucine, and L-valine) and amines (methylamine,
dimethylamine, and n-propylamine) in cationic forms with various macrocyclic lig-
ands (18-crown-6, benzo-18-crown-6, and dibenzo-18-crown-6) have been investi-
gated.

* To whom correspondence should be addressed.
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Key Words. Amino acids; Amines; Transfer; Transport; Macro-
cyclic ligands

INTRODUCTION

Liquid membranes have been extensively investigated for their applications
in separation and purification procedures, including the selective transport of
transition metal ions, recovery of trace metals, analysis, separation of compo-
nents of mixtures, and extraction of toxic species from biological fluids (1–6).
The active transport of chemical species also provides models for biological
transport mechanisms. All successful applications presume a quantitative un-
derstanding of the transport processes. Numerous attempts have been reported
on modeling macrocyclic-mediated cation transport through liquid mem-
branes (7–15).

The membrane transport of amino acids and amines plays an important role
in many biological systems and provides means for further development of new
methods in separationscience. Generally, the main factorswhich influence both
interphasic water/organic solvent transfer and transport through membranes are
the structure of the ligand, the nature of the cation, the structure of the anion,
and the nature of membrane solvent. The thermodynamic properties of a li-
gand–cation complex (stability, enthalpy, and the formation entropy) also have
an important influence on the transfer and transport processes. The kinetic prop-
erties, such as the rates of complexation and the decomplexation of complexes
at interfaces, play an important role not only in determining the stabilities of
macrocyclic complexes but also in transport rates through liquid membranes.
The concentration of compounds in the aqueous phases affects the extractibility
intothemembraneand,obviously, the transport rates.Further, the transport rates
also depend on the geometry of the transport cell used in a specific experiment.

Some physicochemical factors involved in both interphasic water/organic
solvent transfer and transport through liquid membranes (e.g., methylene
chloride, chloroform, and 1,2-dichloroethane) of some cationic complexes of
amino acids and amines (R}NH`

3 ) with macrocyclic ligands (L) as ion pairs
(R}NH3L+A2) with various anions (A2) have been investigated. They have
been related to the structure of the ligand, the nature of the cation, the thermo-
dynamic properties of the macrocyclic complexes, the type of anion, and the
nature of the membrane solvent in the transfer and transport of the complexes
of amino acids and amines.

EXPERIMENTAL

The following amines and amino acids were employed: methylamine
(Fluka), dimethylamine (Fluka), n-propylamine (Fluka), L-tryptophane (L-
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FIG. 1 The structure of the crown ethers utilized throughout the experiments: 18-crown-6
(18C6), benzo-18-crown-6 (B18C6), and dibenzo-18-crown-6 (DB18C6).

Trp, Fluka), L-leucine (L-Leu, Fluka), L-phenylalanine (L-Phe, Aldrich), L-
isoleucine (L-Ile, Fluka), L-methionine (L-Met, Sigma) and L-valine (L-Val,
Fluka), all of the highest purity commercially available. The macrocyclic
ligands were 18-crown-6 (18C6), benzo-18-crown-6 (B18C6), and dibenzo-
18-crown-6 (DB18C6) from Merck; they were used without further purifica-
tion (Fig. 1).

The values of the extraction constants (log Kex) have been determined by
spectrophotometric measurements. Equal volumes of 6 2 1024–3 2 1023

M for the amino acid and 8 2 1025 M for the picric acid or tropaeolin 00
at pH 2.02 in the aqueous phase were extracted with a macrocyclic ligand
of 4 2 1023–2 2 1022 M in the organic phase. The complexing ratio RN
H`

3 ;L;A2 was 1;1;1, where RNH`
3 stands for the protonated amino acid,

L is the macrocyclic ligand, and A2 is the counterion of picric acid or tropae-
olin 00. The volume ratio of the aqueous and organic phases in the extraction
process was 1;1. The organic solvent and water were saturated with each
other prior to use in order to prevent volume change during extraction. A
Perkin-Elmer UV-Visible Spectrometer, Model 559 was used for recording
the electronic spectra of the organic phases. The pH determinations were
carried out by a digital MV-870 Pracitronic pH-meter with a glass electrode
and saturated calomel reference electrode. The stability constants for the reac-
tions of several amino acids or amines with 18C6 in methanol were deter-
mined using calorimetric titrations (Tronac Model 450). Anhydrous methanol
(Merck; H2O content less than 0.01%) was used as the solvent. All solvents
(1,2-dichloroethane, chloroform, and methylene chloride) were spectroscopi-
cally pure. Extraction of the amino acids amphionic species from water onto
an organic solvent as the ion pair R}NH3L+A2 may be evaluated by using
Eq. (3). Picric acid and tropaeolin 00 [4-(4′-anilinophenylazo)benzenesulfonic
acid, Fluka] were used as counterions.

The transport experiments were performed using a device reported earlier
(14). The device consists of two concentric tubes. The inner tube contains
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FIG. 2 Mechanism of the ion pair mediated transport through liquid membrane. AA+: amino
acid or amine; A2: anion; L: ligand; [L-AA]+A2: ion pair.

the source phase (5 mL solution of 0.16 mM protonated amino acid or 0.20
mM protonated amine and 1.6 mM picric acid) and acts as a stirrer. The
receiving phase (5 mL of 0.1 N LiOH) and the membrane phase (30 mL
solution of macrocyclic ligand, 10 mM, in organic solvent) are introduced in
the outer tube. The pH 2.02 in the source phase is ensured by the use of HCl.
The phases are stirred at 180 rpm for 6 hours. Each experiment was repeated
three times. Reproducibility was within 510%.

The mechanism proposed for ion pair mediated transport (5, 7, 14, 24) is
presented in Fig. 2. The transport mechanism is of the active type (a coupled
transport of amines or amino acids and hydrogen ions from the source phase
to the receiving phase is ensured) assisted by a pH gradient. The overall
transport process consists of a mixture of diffusion steps and complexation/
decomplexation reactions at two independent and possible different interfaces
(14). The chromatographic determinations were performed with a Carlo Erba
6000 apparatus, while the concentrations of the amino acids in the two phases
of the system were determined with a Carlo Erba 3A28M amino acid analyzer.

RESULTS AND DISCUSSION

The possibility of transferring some amines and amino acids from water
onto an organic phase (membrane) may be investigated by changing them
into hydrophobic entities. The ability of the macrocyclic ligands 18C6,
B18C6, and DB18C6 to lipophilize amines and amino acids cations by com-
plexation suggests their potential use as selective extraction agents and car-
riers through liquid membranes.
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The equilibria of the distribution in extraction processes at the water/or-
ganic solvent interfaces of the complexes of amines and amino acids during
the transport through liquid membranes were studied.

The liquid/liquid equilibrium of extraction is described by

(R}NH`
3 )w ` (L)s ` (A2)w 4 (R}NH3LA)s (1)

where w and s define the aqueous and the organic phases, respectively.
The distribution coefficient (D) of the amino acid between the organic

phase and the aqueous phase is presented by

D 4 [R}NH3LA]s/[R}NH`
3 ]w (2)

The extraction equilibrium constant, Kex, is given by

Kex 4
[R}NH3LA]s

[R}NH`
3 ]w[L]s⋅[A2]w

(3)

Modification of Eq. (3) leads to the expression

Kex 4
D

[L]s⋅[A2]w
(4)

The distribution coefficient, Kd, of the ligand between the organic and the
aqueous phases is given by

Kd 4 [L]s/[L]w (5)

The equilibrium constant K of the reaction between the amino acid or amine
and the macrocyclic ligand is given by

K 4
[R}NH3L+]

[R}NH`
3 ]⋅[L]

(6)

The Distribution of the Crown Ether

The values of Kd for the partitioning of 18C6 between the organic and the
aqueous phases are given in Table 1 as a function of the pH values. Their

TABLE 1
Distribution Coefficients (Kd)a of 18C6 in the
1,2-Dichloroethane/Water System at 25 5 18C

pH of the aqueous phase Kd

2.02 0.760
6.45 1.035

13.05 1.204

a Kd 4 [18C6]s/[18C6]w.
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TABLE 2
Experimental Data of the Transport of Some Amino Acids and Amines through 1,2-

Dichloroethane by Various Macrocyclic Ligands at 25 5 18Ca

Amino acids and amines 18C6 (%)b B18C6 (%)b DB18C6 (%)b

L-Met 81 41 37
L-Ile 81 47 38
L-Phe 81 55 45
L-Leu 81 43 42
L-Val 79 67 35
CH3NH`

3 25 18 20
(CH3)2NH`

2 38 26 22
n-C3H7NH`

3 40 31 25

a Source phase: [amino acid] 4 0.16 mM, [picric acid] 4 1.6 mM, HCl 0.05 N (pH 2.02),
5 mL; or [amine] 4 0.20 mM, [picric acid] 4 0.20 mM, HCl 0.05 N (pH 2.02); 5 mL.
Membrane: 1,2-dichloroethane, [macrocyclic ligand] 4 10 mM, 30 mL. Receiving phase: LiOH
0.1 N (pH 13.01), 5 mL.

b Amino acid or amine percentage found in the receiving phase after 6 hours of stirring;

distributions have been examined by chromatographic measurements on both
the aqueous and the organic phases apart from the equilibrium mixture. Gener-
ally, the values of Kd are dependent on the macrocycle structure and solvent
type. Nevertheless, as shown in Table 1, the distribution of 18C6 is also
influenced by the pH value. Benzo- and dibenzo-18-crown-6 have been shown
to be practically insoluble in water (15).

The Structure of the Ligand and the Nature of the Cation

It is known that both the stability and selectivity of the complexes depend
on the size of the crown ether ring in the sense that the best bound cation is
the one which fits the best into the cavity. For instance, the ring of 18C6
with r 4 1.4 A

˚
and the group }NH`

3 with r 4 1.42 A
˚

(16–18) fit reasonably.
The number, the type, the arrangement of donor atoms, and the substituents
of the crown ether may influence the complexation. The effect on the transport
of some amines and amino acids through a liquid membrane with different
macrocyclic ligands used as carriers has been examined. The experimental
data of the transport of some amino acids and amines through a 1,2-dichloro-
ethane liquid membrane containing 18C6, B18C6, or DB18C6, as the carriers
are presented in Table 2.

Following the data in Table 2, the transport of the amino acids and the
amines decreases in the following sequence: 18C6 . B18C6 . DB18C6.
The ring substitutions of 18C6 with benzo and dibenzo groups resulted in
different changes in transport through a liquid membrane or the extraction
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equilibrium constant Kex of complexes of amino acids and amines (19). In
these cases the data indicate that the addition of hydrophobicity to the ma-
crocycle is accompanied by a decrease in the transport value.

The properties of the cation (e.g., ionic radius, polarizability) influence the
selection of the ligand to be involved in complexation. It is important for the
cation to have complementary properties relative to the selected ligand.

It has been proved that crown ethers, such as 18C6, interact with the }N
H`

3 group through hydrogen bond formation (20, 21). In some previous works
(14, 22) the influence of the molecular structure of the amino acid on the
distribution between the phases of the system was presented. The transfer
and transport through liquid membranes of amino acids may be further influ-
enced by the hydrophobic or hydrophilic character of the chain }R.

The Thermodynamic Properties

It is important for efficient transport that the effect of complex stability
on the distribution equilibrium be evaluated. Knowledge of the extraction
and equilibrium constants, Kex and K, respectively, is essential to the modeling
process. Most experiments have suggested a diffusion-limited process of
amino acid transport through liquid membranes (23–25). In a diffusion-con-
trolled process, the rates depend on the thermodynamic equilibria at the in-
terphases. It is generally necessary to have the optimal complex stability for
optimum transport rates. The stability constants values and the extraction
constants of the complexes of some amino acids with 18C6 in the presence
of picrate anion are presented in Table 3.

TABLE 3
Stability Constants log K (K in M21) and Extraction

Constants log Kex of the Complexes of Protonated Amino
Acids with 18C6 at 25 5 18C

Amino acid log K* [42] log Kex
b

L-Met 3.23 5 0.01 4.70 5 0.04
L-Trp 3.19 5 0.09 5.05 5 0.03
L-Phe 3.18 5 0.01 5.16 5 0.08
L-Leu 3.14 5 0.02 5.76 5 0.07
L-Val 2.99 5 0.09 4.36 5 0.05
L-Ile 2.98 5 0.05 4.90 5 0.04

a Camino acid 4 1 2 1023 M, C18C6 4 1.6 2 1022 M in
methanol.

b Camino acid 4 6 2 1024 M, C18C6 4 4 2 1023–1022

M, Cpicric acid 4 8 2 1025 M.
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The values of the extraction constants (log Kex) of the reactions of proton-
ated amino acids with 18C6 in 1,2-dichloroethane have been found to be in
the 4.36 to 5.76 range. The values of the stability constants have been found
to be between 2.98 for L-Ile and 3.23 for L-Met. As shown in Table 3, the
values of the extraction constants decrease in the following sequence: L-Leu
. L-Phe . L-Trp . L-Ile . L-Met . L-Val, while the values of the stability
constants follow the sequence L-Met . L-Trp . L-Phe . L-Leu . L-Val .
L-Ile.

The stability constants of the complex and the extraction constants (26)
reveal no strict proportionality because, in contrast with the R}NH3L+ for-
mation of the in methanol solution, complex the extraction process involves
the formation of the ion pair R}NH3L+A2, and the effect of anion (A2) on
the extraction constant has been demonstrated in extraction experiments (27,
28). The strength of cation–solvent interactions also plays an important role
in the thermodynamics of cation extraction and the transport process (29, 30).

The Nature of the Anion

In many systems the extractibility of cations and the rates of cation transport
are influenced by the structure of the anion used as the anion pair for cation–li-
gand complexes.

The cationic complex R}NH3L+ of an amino acid or amine with a macro-
cyclic ligand may be extracted in an organic solvent or transported through
liquid membranes as ion pairs, R}NH3L+A2, with some counterions (31–38)
The anion used as a counterion (e.g., picrate or sulfophthaleinic anions) in
the ion pair will affect the rate in both processes, the extraction and the
transport, by modifying the phase distribution of the protonated amino acid
and amine.

Lamb et al. (39) presented the effects of anions on cation transport and
suggested that anions with smaller hydration energies and higher lipophilici-
ties allow faster cation transport. A linear correlation of extractibility and
anion hydration energy has been reported (39).

The values of the extraction constants (log Kex) of some amino acids with
18C6 in the presence of tropaeolin 00 (1) and picric acid (2) as the anion
pair in 1,2-dichloroethane are presented in Table 4. The difference in the
extraction constants for the complexation of some amino acids with 18C6 in
the presence of the 1 and 2 anion, is not significant. The lowest values of
the extraction constants (log Kex) were obtained for the complexes of L-Val
(4.36 in the presence of anion 2 and 4.48 in the presence of anion 1).

The Nature of the Membrane Solvent

The nature of the solvent of the membrane phase influences the distribution
equilibria at the interfaces of the complex in the membrane. Solvent polarity
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TABLE 4
Extraction Constants log Kex of the Complexes of Some Amino Acids

with 18C6 and Different Anions at 25 5 18C

Amino acida 1b 2b

L-Leu 5.25 5 0.05 5.76 5 0.1
L-Ile 5.15 5 0.04 4.90 5 0.04
L-Phe 5.08 5 0.02 5.16 5 0.02
L-Met 4.38 5 0.02 4.70 5 0.04
L-Val 4.48 5 0.03 4.36 5 0.03

a c 4 7 2 1024–3 2 1023 M.
b Tropaeolin 00 (1) and picric acid (2). c 4 8 2 1025 M, c18C6 4 5

2 1023–2 2 1022 M.

is also important in solvent extraction, and the relative cation selectivity is
quite often sensitive to the polarity change (29). A large effect of solvent
type on transport but a minimal effect of solvent type on membrane selectivity
has been observed (40). The stability of a membrane is also influenced by
the possibility of maintaining the organic solvent between the aqueous source
and receiving phases. In order to increase membrane integrity (higher boiling
point and low water solubility), it is necessary to increase the chlorination
and the carbon chain length (41).

Values of log Kex for some amino acids using 18C6 as a function of the
solvent under experiment are given in Table 5. In all solvents for this system
the values of log Kex are sufficiently high to allow transport processes. As
shown in Table 5, the solvent type has a minimal effect on the selectivity.
The differences among the values of the extraction constants in the cases of

TABLE 5
Extraction Constants log Kex of the Complexes of Some Amino Acids with 18C6 in

Different Solvents at 25 5 18Ca

Amino acid Methylene chloride Chloroform 1,2-Dichloroethane

L-Trp 4.80 5 0.02 5.68 5 0.04 5.80 5 0.01
L-Leu 4.64 5 0.04 4.98 5 0.02 5.25 5 0.05
L-Ile 4.37 5 0.04 5.04 5 0.01 5.15 5 0.04
L-Phe 4.67 5 0.02 5.22 5 0.03 5.08 5 0.02
L-Met 4.42 5 0.04 4.83 5 0.02 4.98 5 0.02
L-Val 3.73 5 0.02 4.31 5 0.04 4.48 5 0.03

a Tropaeolin 00 as counterion. C18C6 4 5 2 1023–2 2 1022 M, Camino acid 4 4 2 1023

M, Canion 4 4 2 1024 M.
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complexation of some amino acids with 18C6 in CH2Cl2, CHCl3, and
C2H4Cl2 solvents with their increasing chlorination will have a minimal effect
on the magnitude of the values of log Kex.

CONCLUSIONS

The effects of some factors that might influence both the extraction and
the transport through liquid membranes of some complexes of protonated
amines and amino acids with macrocyclic ligands have been reported.

The structure of the ligand, the nature of the cation, the type of the anion,
and the nature of the solvent have been proved to influence the distribution
equilibria at the interfaces, the stability and selectivity of the complex in the
membrane, and, consequently, the transport rates.
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