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Acids Through Bulk Liquid Membranes

R. Bucci,' S. Canepari,l’* E. Cardarelli,' A. M. Girelli,'
A. Pietrodangelo,' and M. Valiente”
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ABSTRACT

A novel carrier, the N-methyl, N-dodecyl-ephedrinium ion, was studied
for the selective transport of some aromatic amino acids [phenylalanine
(Phe), histidine (His) and tryptophan (Trp)] through bulk liquid mem-
branes. Investigations of the main parameters limiting the aided transport
of the amino acids were carried out. Transport rates that resulted were
affected by the amino acid lipophilicity, the pH variations of feed and
receiving solutions, the concentration, and the nature of countertransport
ions. Further results indicate that the carrier can interact with amino
acids by ion pairing and nonionic interactions. Membrane selectivity
showed to be strictly related to kinetics of the amino acid release at the
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membrane /receiving interface, and its results were satisfactory when the
receiving solution was kept in acidic conditions. In these conditions,
when a mixture of the three amino acids was used as the feed solution,
the transport rate of phenylalanine was over three times higher with
respect to tryptophan, while the transport of histidine was almost comp-
letely damped down.

Key Words: Bulk liquid membranes; N-methyl, N-dodecyl-ephedrinium
ion; Aromatic amino acids; Carrier-assisted transport.

INTRODUCTION

The use of separation techniques based on liquid membranes (LMs) is
growing rapidly, as a consequence of their selectiveness efficiency, flexibility
on selecting strategies, and cost-saving advantages with respect to traditional
separation processes. The Two Module Hollow Fiber Liquid Membranes
systems'' =¥ particularly exhibit excellent multistage performances, being
able to solve some of the relevant problems (i.e., membrane instability)
encountered in industrial applications with emulsion and supported liquid
membranes (ELMs and SLMs). As the Two Module Hollow Fiber Liquid
Membranes share with bulk liquid membranes (BLMs) strong analogies in
the transport mechanism,”>®" a BLM would be the proper system to test the
performances of new carriers prior to their application to a Two Module
Hollow Fiber membrane.

The separation of amino acids represents an important and not yet
solved industrial problem. Many recent patented industrial methods adopt
LM technologies,”” " using various transport mechanisms and different
carriers. Amino acids pertraction by LMs usually involves neutral,"' =" met-
allic,[15 ~181 anionic,[w*zz] and cationic carlriers,[23 =261 the latter appearing
particularly successful for the transport of amino acids in their anionic form
by ion pairing. The need of further efforts in this field is related to the high
costs of taylor-made synthetic carriers (like crown ethers or calixarene
derivatives,””’!) which present good selectivities, or to the low selectivity
of ionic commercial low-costs ones (like aliquat 336 or phosphoric acid
derivatives).m]

In this work the performances of the N-methyl, N-dodecyl-ephedrinium
ion has been investigated as a cationic carrier for the selective separation
of aromatic amino acids. The carrier studied in this work is commercially
available and relatively unexpensive. Its structure allows combination of the
ion-pair formation, characteristic of ionic carriers, with nonionic 77— and
hydrogen bonding interactions, usually coresponsible for the selectivity of
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the synthtetic carriers. The hydroxyl group and the benzene ring of this qua-
ternary ammonium salt are, in fact, expected to interact with the aromatic
amino acids, providing, in this event, further selectivity criteria.

EXPERIMENTAL
Reagents

N-methyl, N-dodecyl-ephedrinium ion (Fluka, Switzerland), CHCI;
(Carlo Erba, Italia), (4 )-phenylalanine, (+)-tryptophan and (+ )-histidine
(Sigma, Germany), and all other commercial products and solvents were
pure for analysis and ISO grade. They were used without further purification.
Methanol and acetonitrile used for the eluents were pure for HPLC grade
(Carlo Erba) and the water was ultrapure from a MilliQ—RG Millipore
Water Purification System.

Membrane Transport Experiments

A BLM system was used. Feed solutions were aqueous amino acids solu-
tions in phosphate buffer, 0.1 M at different pHs; receiving solutions were
phosphate buffer 0.1 M at different pHs, and the liquid membrane was a solu-
tion of N-methyl, N-dodecyl-ephedrinium ion in CHCl;. A 20 mL volume of
membrane solution was introduced in a home-made U-tube cell (i.d. 25 mm;
height of each arm 6 cm) and covered filling each arm of the tube with 8 mL of
aqueous receiving and feed solutions, respectively. The membrane phase
was stirred at a constant rate by a magnetic 15-place multistirrer (VELP scien-
tifica, Italy).

Experiments related to the membrane selectivity were run out at 21 + 0.5°C
in a properly home-made recirculation tank connected to an electric thermo-
stat Crioterm 10-80 (Isco, Italy) and placed on the multiplace magnetic
stirrer. Furthermore pH of the aqueous phases feed and receiving was periodi-
cally controlled during all membrane performances by a glass-combined
electrode connected to a Crison micro pH 2001 potentiometer. Each set of
membrane experiments was run in parallel using a series of 10 membrane
cells. Feed and receiving solutions were sampled at fixed times by 60 wL with-
drawals. Amino acids concentrations were then analyzed by HPLC injecting
samples amounts of 20 L.
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Chromatographic Analysis

A column RP-18 (5.0 um; i.d. 4.6 mm; L 25cm), Supelcosil, and a
quaternary system, Waters 600 with a photodiode array detector, Waters
996, were used. The Phe and Trp solutions were eluted with phosphate
buffer 0.01 M (pH 5.6) : methanol = 75:25 (v/v) and respectively detected
at A 254 and 242 nm, with retention times (t,) of 4.5 min and 6.5 min. The
His was eluted with a phosphate buffer, 0.01 M at pH 7.6 (t, = 4.0min),
and detected at A 218 or 225 nm depending on the expected concentrations
(218 nm for concentrations <1 mM and 225 nm for higher concentrations).
Ternary Phe, His, and Trp solutions were eluted with a trifluoroacetic acid
0.1% in H,O/acetonitrile linear gradient: a) up to 2.5min the eluent was
100% trifluoroacetic acid 0.1% in H,O; b) from 2.5 up to 10.0min the
eluent composition was taken to 30% trifluoroacetic acid 0.1% in
H,0:70% acetonitrile; ¢) from 10.0 up to 12.0 min the composition linearly
turned back to 100% trifluoroacetic acid 0.1% in H,O, this condition was
kept up to 16.0 min. Retention times of His, Phe, and Trp were respectively
3.7, 11.8, and 12.4min, and the detection was respectively at 218 nm,
254 nm, and 242 nm.

RESULTS AND DISCUSSION

Preliminary Studies and Investigation on
Experimental Conditions

The choice of membrane solvent was made taking into account both
carrier and analytes solubilities, which strongly influence aided and not-
aided pertraction rates, and the surface tension, which regulates the interface
stability. Chloroform was particularly suitable, as it allows a fast aided amino
acids transport and sufficiently stable interface layers, even when membrane
stirring is applied.

To the aim of weighting the contribution of not-aided passive transport,
the flux of amino acids has been evaluated in the absence of carrier at
various feed and receiving pH conditions.

In the case of His, no detectable amount was found in the receiving
solution within the first 24 hours in any conditions. On the other hand Phe and
Trp showed a low passive transport rate. The highest values (pHfeeq 5—6 and
PHicceiving <5 or >9) were respectively 0.2 and 0.7 pmol L~ 'h™! cm
The observed fluxes agree with the solubility of amino acids in chloroform
and results were negligible if compared with those observed in the presence
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of the carrier, clearly indicating the active role of the carrier in the trans-
membrane transport.

Preliminary experiments were performed to fix amino acids (aa) and
carrier transport concentrations, in which both concentrations of the carrier
N-methyl, N-dodecyl-ephedrinium ion in chloroform ([efe]hempbrane) and of
aa in the feed solution ([aa]peq) Were varied from 5 to 40 mM. In these
trials pH of feed and receiving solutions was 11.0 and 4.0, respectively.
Results showed that the transport rate of each tested aa is independent from
the carrier concentration when the latter is >25mM, and [aa]secq < 30 mM.
These conditions seem to indicate the saturation at the feed/membrane
interface.

Therefore, all membrane transport experiments were then performed,
unless otherwise noted, at [efe]nembrane = 30 MM and [aa]geeq = 10 mM.
These conditions allowed us to maximize the transport rate of each aa and
to isolate its dependence on pH conditions.

The influence of pH on membrane transport rates was studied by ranging
the pH of feed or receiving solutions between 2.0 and 11.0 reciprocally and
keeping the pH of the other solution fixed. It is worth noting that, although
the phosphate buffer is not effective over the whole considered pH range,
it’s buffering power was strong enough to effectively control pH variations.
Indeed, spontaneous pH variations were established to be lower than 0.2 pH
unities within 250 minutes at any pH and, when longer periods were investi-
gated, they were adjusted by adding small (order of wL) volumes of acid or
base. Transport rates exhibited a constant value, at any pH investigated,
during the first 200 min, after which a progressive decrease was observed.

Then, in order to make transport data independent from time influence, all
results of the present study were discussed in terms of initial (up to 200 min)
transport.

When the influence of pHg..q on amino acids fluxes was investigated, the
PHreceiving Was kept at the value corresponding to the lowest amino acid con-
centration in the membrane phase. This concentration was determined at any
time by calculating the mass balance from the [aa]feeq and [aalieceiving- The
lowest aa concentration in the membrane solution was reached at different
pHs of the receiver, depending on the amino acid under transport and it
resulted to be 4.0, 7.0, and 10.5 respectively for Phe, Trp, and His. Finally,
the overall experimental conditions employed in the following sections of
the study were as reported in Table 1.

The reproducibility of data results was strongly affected by the stirring
mode. To the aim of assuring homogeneous stirring of the feed and receiving
solutions a taylor-made immersion stirrer was developed. It consists of
two coaxial teflon disks, one suspended in the feed and membrane solutions
inside one arm of the glass U-tube, and the other in the receiving and
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Table 1. Experimental conditions for the study of feed and receiving pH
influence on amino-acids transport rate. Samplings of 60 wL of both fired and
receiving solutions were made and analyzed by HPLC at 20 min intervals.

Phe Trp His
Feed /membrane PHeea 4+ 10 4+10 4+ 11
interface PHreceiving 4.0 7.0 10
Membrane / PHfeed 11 11 11
receiving interface PHieceiving 4 + 10 4+ 10 4+ 10

membrane solutions inside the other arm. However this stirring device
caused a marked irreproducibility (RSD > 25%), so that the sole membrane
was magnetically stirred. The RSD calculated by running 10 replicates
([carrier] = 30mM, (aa)jeeq = 10mM, pHpeeq = 11, pHreceiving = 3.5) was
of about 5% and was still mainly due to the irreproducibility of the stirring
conditions.

Influence of pHge.q on Transport Rates

The influence of pH..q Was studied by measuring the aa concentrations
both in the feed and in the receiving solutions and the obtained results did
not show significant differences. Considering that the analytical error due to
HPLC measurements is much lower when the concentration increase in the
receiving phase is monitored instead of its decrease in the feed phase,
all amino acid fluxes through the membrane were referred to the concentration
variations in the receiving solution. In Fig. 1 the Phe flux (J) in the receiving
solution is reported as a function of the pHp.q at different initial concen-
trations of the aa. The same behavior also was obtaind for Trp. It can be
noted that the transport rate increases with pHgeeq Up to a maximum that is
independent of the initial concentration of aa in the feed, indicating the satur-
ation at feed /membrane interface.'*> The observed behavior is in agreement
with an extractive mechanism of exchange diffusion of two substrates, as
shown in the Scheme 1, in which the formation of carrier—aa (Ctaa™) ion
pair shifts the protonation equilibrium of the amino acids toward dissociation.
It can also be noted that the saturation that occurs at lower pHgeeq is higher
then is the aa analytical concentration in the feed solution. This behavior
again agrees with the mechanism showed in Scheme 1, as an increase of aa
concentration aids the ion pair formation

Nevertheless, some further considerations can be made. According to the
literature,[zs] conditions for membrane saturation occur at a constant value of
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Figure 1. [Initial fluxes (wM/min) vs. pHpeq at different [Phelgeeq;
[Carrier]membrane =30 mM; pHreceiving 4.0.

the ratio [CTaa™ |iembrane / [CYX I imembranes Where X~ represents the counter
ion. Hypothesizing a diffusion-limited process at the feed/membrane inter-
face,*®?! the constant of the extraction equilibrium K., may be expressed as

Kex = [CjL aa ]membrane [Xi]aq / [aa™ ]aq [C+X7 ]membrane

and, considering the acidic dissociation of the aa,

1 /Kex ([CjL aa ]membrane / [C+X7 ]membrane)

= (1/[X " ,q)/[2a]reea(Ka/(Ka + [H'],9)) (1
Feed Membrane
: : : OH
X +H +—CH; NH,
Hic-Ne © ooc

/ e
CHy(CHy)”  CH3

@ OH
oLr O, *
CH,4

H,C—N@
CH3(CHpy CHs

Scheme 1. Scheme of the exchange diffusion/competitive extraction mechanism of
amino acids (Phe) at feed/membrane interface.
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where K, is the acidic constant of the aminogroup—protonation equilibrium of
aa and [aa [,q is the aqueous concentration of the totally deprotonated
fraction of aa.

Eq. (1) relates the [CTaa Jmembrane/[CT X lmembrane Tatio to the aa
analytical concentration and to pH. If the contribute of [X ],q to transport
is considered as a constant' and if the values of [aa]feq and pH corresponding
to the achievement of the maximum transport rate are assigned in Eq. (1),
a decrease of 1/Kex[(c+337)membrane/(C+X7)membrane] with the [aa]feed
increasing is found. This fact indicates that when the [aa]g.q iS increased
the saturation at feed/membrane interface occurs at milder conditions.
This result could be explained considering a certain degree of nonionic inter-
actions between the carrier and the aa, with an extraction mechanism of the
kind:

(aaH)aq + (C+X7 )membrane <~ (C+aaH)membrane + (Xi)aq

g (H+)aq + (C+aa_ )membrane + (X_)aq (2)

In Fig. 2 the curves of transport vs. pHgeq related to Phe, Trp, and His are
reported, to make comparable each series of data in terms of initial fluxes.
These were normalized as J/Jj.x = m/mp,,, where m is the linear part
slope of [aa],.. vs. time and m,,,, is the maximum value for each examined
aa. The relative position of curves on the pH axis reflects the position of
Eq. (2), which is determined by the strenght of C—aa interactions and by
the lipophilicity of aa.

It is worth noting that the curve of His fits within the experimental error
with its anionic distribution curve, showing a flex point closed to its pKy3
(pKy3 = 9.12). For His the transport rate follows, thus the [aa ],y and the
saturation at interface doesn’t seem to occur at given conditions. On the
other hand, for Trp (pK,, 9.32) the saturation conditions are reached at
lower pH than for Phe (pK,, 9.11), despite its higher pK,, value. Thus, the
observed results are in agreement with the lipophilicity order of amino-
acids,?"3%311 the low lipophicicity of His probably being the reason for its
low extraction from the feed solution.

"In each experiment of Fig. 1 the membrane and receiving solutions have the same
concentrations and pH. Furthermore, as yet evidened, in conditions of membrane
saturation the aa transport rate is constant at any initial concentration of aa. Then
the contribution of counter ion may be reasonably considered constant too.
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Figure 2. Normalized initial flux (J/Jax) VS. pHpeeq: of Phe, Trp and His.
[aa]feed: IOmM, [Carrier]membranf: =30 IHM, pHreceiving: 4.0 (Phe), 7.0 (Trp) and
10.5 (His).

Influence of pH,.cciving On Transport Rates

The influence on transport rates of pHyeceiving Was studied fixing pHyeeq at
L1. The J/Jpax VS. PHreceiving curves are reported in Fig. 3. These curves differ
from the trends of the transport curves vs. pHgeeq, Which are similar for all the
examined amino acids, significant differences have been observed in this case.

For Phe and Trp the minimum transport rate is observed at basic pH. In
the range 7—11 of pHyeceiving the trends result nearly reversed with respect
to those related to the dependence on pHgq variations of Fig. 2, while at
pH values <7 the decrease of pHicceiving l€ads to a lowering of the transport
rate. On the other side His shows a quite opposite behavior, with a flux increas-
ing with pHieceiving Up to @ maximum in correspondence to pH 8.

In order to explain these results, the mechanism of release of the
amino acids at the membrane /receiving (m/r) interface has to be considered.
This process requires the ion-pairing breakage and may be favored by a coun-
tertransport mechanism,'® which is characteristic of ion transport, or by the
protonation of aa. The latter event maintains a sufficiently low concentration
of active species (aa ) in the receiving solution and avoids the establishing of
saturation at interface.”®” The protonation of aa, thus, may account for the
increase of transport rate observed in the range 7 £ 11 of pHicceiving.
while it is not consistent with the decrease at acidic pH. This behavior
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Figure 3. Normalized initial flux (J/Jimax) VS. pHreceiving: Of Phe, Trp and His;
[aa]feed = lomM’ praed 110’ [Carrier]membrane =30mM.

could be interpreted on the basis of the efficiency of the counter transport
mechanism. In these experiments, the counter transport is expected to be
assisted by the phosphate anions present in the receiving solutions (HPO3 ™
and H,PO, ), whose relative concentrations are dependent on the pH value.
Particularly, taking into account the phosphate distribution diagram, the
HPOj ~ relative concentration decreases in the pH range 6—8, with a trend
similar to the J/J . curves. The HPO?{ species seems then to be the principal
responsible of counter transport.

It should be noticed, however, that the counter transport due to phosphate
anions is difficult to investigate since, as already mentioned, it depends on
PHieceiving Variations. On the other hand, investigation on counter transport
by mean of an anion whose concentration is not affected by pH changes,
like C1™ for istance, is not possible if no phosphate buffer is provided
to this BLM process, because of the significant pH increases with the
increasing aa concentration in the receiver. Some investigations were
then carried out by adding different amounts of NaCl to the receiver buffered
with 0.1 M phosphate at various pHs. The results are reported in Fig. 4. Again,
the fluxes were normalized with respect to the maximum flux
observed for each amino acid in order to put on evidence the sole contribution
of [Cl_]receiving'
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Figure 4. Fluxes normalized with respect to the maximum value related to each
amino acid at different conditions of [Cl ] and pH in the receiving solution.
preed =11 [aa]i,feed =10 mM; [Carrier]membrane = 30mM.

Figure 4 shows that increasing [Cl ™ Jieceiving involves an overall increase
of transport rates, confirming the effectiveness of the counter transport mecha-
nism. However responses to the variations of [Cl Jieceiving differed widely,
depending on the amino acid and on pH.

Particularly, at pHyeceiving 11 the transport rate of Phe and Trp showed a
relevant increase, however, keeping a lower value than the respective rates
at pH 3 and 7. For these amino acids the protonation mechanism seems
then to be necessary for an efficient release at the membrane/receiving inter-
face and high concentrations of counter transport ion seem to be necessary to
promote the process in the absence of aa protonation. At pH,eceiving 3 the beha-
vior of CI compensates for the rate decrease observed in its absence, confirm-
ing the hypothesis of a kinetic effect due to a decrease of [HPO3 ]. On the other
hand, the trend of His at pHyecciving 11 and 7 is scarcely sensitive to the [CI ],
indicating the sufficiency of phosphate ions concentration to the release of this
amino acid, while at acidic pH, a strong increase of its transport rate with
[Cl" Jieceiving Was noted. The protonation mechanism thus seems not to influ-
ence the transport trend of His in any conditions.

The anomalous behavior of His, which deserves further investigations,
could depend on nonionic interactions with the carrier, other than those
given by Phe and Trp, or on the different properties of His at the mem-
brane /receiving interface. At this purpose, it is worth noting that the transport
of His is very slow and it is scarcely extracted by the membrane, as yet noted
in the discussion about the uptake of aas at feed/membrane interface. In these
conditions, again no saturation is expected at the release interface.'>!
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Figure5. Tryptophan amounts (pumol) in the feed, membrane, and receiving solutions
vs. time (min) at pH a) 3, b) 7, and ¢) 11. pHgeeq = 11.0; [carrier] memprane = 30 mM.

The influence of the dissociation kinetics at the membrane/receiving
interface may be better highlighted by the comparison of feed, membrane,
and receiving [aa] variations with time at different pHyeceiving. In Fig. 5, as
an example, the results obtained for Trp are reported, in which it is evident
that fluxes in the receiving depend on the release process at the membrane/
receiving interface. In fact, the decrease of [aa] in the feed solution, at least
for the initial portion of the curves, is nearly independent on the pHeceiving.
while the build up of aa in the membrane and receiving solutions are comp-
lementary and strongly dependent on pHyeceiving. In particular, at pHyeceiving
3 (Fig. 5a) a fast initial build up in the membrane phase followed by a slow
quantitative release in the receiving solution is noted, which is consistent
with the mentioned low efficiency of the counter transport mechanism. A
similar trend is observed at pHyeceiving 11 (Fig. 5¢), at which the protonation
mechanism doesn’t occur. Also in this case a quantitative transport is not
expected, as feed and receiving solutions are in the same pH conditions. On
the other hand, at pHycceiving 7 (Fig. 5b) both mechanisms are efficient and
the release is fast and quantitative, showing a low and transient build up of the
aa in the membrane phase.

Selectivity of the N-methyl, N-dodecyl-ephedrinium Ion

In order to investigate the selectivity of the carrier, membrane experi-
ments were performed using solutions of a single amino acid or ternary
mixtures of Phe, Trp, and His as the feed phase. In these experiments the
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feed solutions were maintained at pH 11, to maximize the extraction process at
the feed/membrane interface, while the PHreceiving Was varied to show the
influence on membrane selectivity of the release kinetics at the membrane/
receiving interface. The initial transport rates (as mean from three replicates)
of each amino acid alone or in a mixture were then compared and the results
are reported in Fig. 6.

80 | @
4
= 60
°
§
= 40 —— feed
] —&— membrane
20 —&—receiving
0
80
— 60
=]
E —— feed
2 40
a —8— membrane
" 20 —&—receiving
0& —

80 |© —e—feed
—&— membrane
z —ik— receiving
E
2 - -
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1000 1500 2000
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Figure 6. Initial transport rates (wM/min in the receiving phase) of amino
acids alone or in mixture. T =21.0 + 0.5°C; [aa]feq = 10mM; pHpeeq = 11.0;
[Carrier]membrane = 30mM.
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Referring to the single amino acid transport experiments, the comparison
between Phe and Trp behavior is particularly interesting: e.g., Phe shows
transport rates higher than does Trp at pHyeceiving 3.5, While at pHieceiving 11
the opposite order is observed, and at pHicceiving 7 the two rates are compar-
able. As is well known, the whole transport rate results from the contributions
of amino acids lipophilicity,'*'*%*! of the strength of interactions with the
carrier, and of the exchanges kinetics at interfaces. As all the other conditions
are kept constant and considering the results reported in Fig. 5, the differences
observed as a function of pHyeceiving are mainly related to the kinetics of the
release process at the m/r interface. As previously discussed, the efficiencies
of protonation and counter transport mechanisms are different depending on
the amino acid. The highest efficiency of protonation mechanism of Phe
could account for its highest transport rate at acidic pH, while the more
rapid transport observed for Trp at pHyeceiving 11 could be explained by con-
sidering both the lipophilicity order and the contribution of counter transport
mechanism, which is prevalent at these conditions and showed to be more
efficient for Trp.

About His, its transport rates remain lower than those of Phe and Trp at a
107 term both at PHreceiving 3-5 and 7, while at pHyeceiving 11 they are compar-
able with the Phe rate. This behavior is in agreement with the low lipophilicity
of His, whose interactions with the carrier are likely not strong enough to
overcome its scarce affinity for the membrane phase at the feed/membrane
interface. As well, the inefficiency of protonation mechanism in the release
at the second interface doesn’t effectively aid His to transfer from the mem-
brane to the receiving solution at low pHeceiving-

When a mixture of the three amino acids is used as feed solution, the
differences in transport rates were enhanced. Particularly, at any pHyeceiving
the transport rate of Phe increases, while the Trp and His rates become
lower. This result should mainly derive from a competition effect in the
extraction process at the feed/membrane interface, and should then account
for a higher affinity of Phe for the membrane phase. Since the lipophilicity
could explain the His behavior, but not that of Phe and Trp, this result
could suggest that a stronger interaction of Phe with the carrier occurs
with respect to Trp. This consideration is confirmed by the distribution coeffi-
cients, given as the ratio [aa]membranc/[32]ag, Whose values are respectively
Dphe = 0.26, Dy, = 0.08, Dy < 0.02.2 These coefficients were obtained
by debeating aqueous solutions 10mM in aa at pH 11 with a membrane

2Dy Was not calculated, as the fraction extrated by the membrane solution was too
low as compared with the analytical error in the determintion of [aa],q.
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solution 30 mM in N-methyl, N-dodecyl-ephedrinium ion. The [aa]embrane
were calculated by mass balance (three replicates of each measurement were
run), subtracting the [aa],q at the equilibrium to the initial analytical concen-
tration. As the ion pair interactions should be of comparable strength, the less
lipophilic Phe seems to give the carrier additional nonionic interactions.
The membrane selectivity is influenced by the kinetics of the release
process at the m/r interface too, and results are enhanced at acidic PHreceiving:
where the release of Phe is favored by the protonation mechanism. In these
conditions, the ratio between Phe and Trp rates is 3.6, therefore, showing a
very satisfactory membrane selectivity for a BLM process. This result are
better evidenced in Fig. 7, where the increase of amino acids concentration
with time in the receiving solution at pH 3.5 is reported. Differences in trans-
port rates between the three amino acids are evident, with more than 80% of
Phe transported in the receiving phase after ca. 300 min, while Trp percentage
remains at about 30% and His is under detection limits. It is worth noting that
at longer times a nearly quantitative transport of Phe and Trp can be obtained.

10.00

8.00

6.00

4.00

[aa] receiving (mM)

2.00

0.00

-2.00

0 50 100 150 200 250 300
t (min)
Figure 7. Amino acids concentration in the receiving solution with time at pHeceiving

3.5 when a mixture of Phe, Trp and His is used as feed solution. [aa].q = 10 mM in
each aa; pHyeeq 11.0; [carrier]membrane = 30 MM; pHeceiving 3-5-
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CONCLUSIONS

The work has demonstrated the good capability of N-methyl,
N-dodecyl-ephedrinium ion as a carrier for aromatic amino acids aided
transport through a bulk choloroform membrane. This carrier, which is
commercially available and inexpensive, may establish 77— interactions
and hydrogen bonding with amino acid side chains, respectively, dependent
on the aromatic ring and on the hydroxyl group. Although the main inter-
action is the ion-pairing between the carrier and the deprotonated form of
the amino acid, these interactions appear to be co-responsible for the selec-
tivity exhibited by the membrane, influencing both the extraction process
at the feed/membrane interface and the release kinetic at the membrane/
receiving one.

The selectivity show by the membrane is appreciable for BLM, and gives
hopeful signs of improvement by applying the results to flow membrane
systems based on the use of hollow fibers.
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