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Electrochemistry of ion transfer across the aqueous/
organic solution interface has been widely studied during
the last decade owing to its importance, e.g. in extraction
processes, analytical chemistry (sensors, ion-selective
electrodes) and in research into biological membranes.!
The selective removal of metal cations or protons from
waste waters can be carried out by adding a particular
complex former into the organic phase which reacts with
the target ion at the interface. The thermodynamics and
kinetics of such processes have been studied by several
authors, see e.g. Refs. 2-5.

Amines are commonly used as extracting agents for
acids,® and recently an electrochemical method was
presented showing how the amine—proton stability
constants in the organic phase can be evaluated.” In the
study, 1,2-dichloroethane was used as an organic solvent
owing to its low relative permittivity (10.23), and lauryl
(dodecyl), dilauryl and trilauryl amines were used as
extracting agents. After submitting this, Matsuda et al.
further presented a rigorous theoretical model charac-
terizing the equilibria at the interface during the ion
transfer facilitated by neutral macrocyclic ligands.® Their
results gave an alternative explanation for the behaviour
seen in Fig. 1, i.e. according to Matsuda’s results, applied
to the case of amines as ligands, the independence of
the half-wave potential on pH (when pH <4) can be
explained by the solubility of the amine hydrochloride,
while in Ref. 7 this behaviour was assumed to be due to
Cl~ transfer. Also, experimental evidence was found to
support the argument of chloride ion transfer. In order
to give a background to Ref. 8, we briefly show the main
issues of the derivation.
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Theoretical

Consider proton transfer across the aqueous/organic
solution interface in the system mentioned above.” This is
given by reaction (I), where 4 denotes amine. For

H*(w) + A(0) = AH *(0) @

simplicity, the ion pairing of AH *(0) with the base elec-
trolyte of the organic phase has been omitted. Because
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Fig. 1. Polarographic half-wave potentials as a function
of pH for the system of TLA (trilaurylamine) in
1,2-dichloroethane in contact with an aqueous solution;
for details see Ref. 7.



H* is the potential determining ion, the Galvani potential
difference across the interface is given by eqn. (1) where
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the asterisk denotes interfacial activities. The stability
constant of AH*(0) is given by eqn. (2). Because the
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diffusion of the amine species limits the current, the
polarographic half-wave potential is given by eqn. (3).
According to eqn. (3) the half-wave potential is shifted
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ca. 60 mV per pH unit, and this is seen in several papers,
including Ref. 7 at pH >4. This kind of behaviour is
described in the paper by Matsuda et al.® by inequality
(4), where K corresponds to eqn. (2) but in the aqueous
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phase. In the experiments of Ref. 7, at pH 24 a constant
value for the half-wave potential was obtained, which was
explained by a competitive transfer of C1~. In Matsuda’s
paper this kind of behaviour is seen if inequality (5) holds.

e K =225 20(1 +E,P,) 5)

A

It is clear that P, > 1, and noticing that K} is a thermo-
dynamic constant which applies also at the interface,
we obtain from inequality (5) inequality (6), in which I

o=

1208, AT (6)

CX;I*

includes all the activity coefficients, and it is assumed that
the surface concentration of H* is equal to its bulk con-
centration. The latter assumption is certainly valid, since
the aqueous side of the interface is practically unpolarized
owing to the very high mobility of the proton in water. In
order for inequality (6) to be valid in the case of amines
as ligands, AH * should be substantially soluble in water
in the low pH range. This is very unlikely because amines
are commonly used as extractive agents in industrial pro-
cesses. In this communication we report on Langmuir
films of TLA on aqueous subphases. By preparing a
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Langmuir film of the amine one can easily monitor a
possible solubility of the film material. Thus when chang-
ing the pH of the solution on which the film is spread we
can find out if the film material is dissolved into the
subphase or not. In the case of an increased solubility the
Langmuir film will completely collapse.

Experimental

The experiments were performed with a KSV 5000
Langmuir trough double-barrier system (KSV Chemicals
Helsinki, Finland). The trough was made of Teflon and
the barriers of Delrin. All measurements were made at
21.0+0.5°C.

Tridodecylamine (>99% purity, Fluka) was used as
supplied. The water used was first purified by distillation.
The final purification was undertaken by a Seral pro 90
water purification system (Seral) which included five filter
stages: an activated charcoal column, two ion-exchange
columns, an absorbent resin column, and a 2 um sterile
filter. The pH of the subphase solution was adjusted by
adding HCl or NaOH (Suprapur, Merck) to the purified
water. The spreading solution was redistilled toluene from
Merck.

Surface pressure vs. area isotherms were recorded with
a barrier speed of 4 mm min ~' and a maximal increase in
the surface pressure of | mN m~' min~'. The quality of
the subphase was tested before each run by compressing
the surface without any additive. The rise in the surface
pressure was always less than 0.05 mN m~'. Isotherms
were measured on newly spread monolayers. 30 minutes
were allowed for the spreading solvent to evaporate and
molecules to rearrange.

For the area relaxation measurements, the film was
compressed at a rate of 4 mm min~' with a maximal
increase in the surface pressure of l mN m~' min~', and
then automatically maintained at the desired surface
pressure. The change in the surface area was recorded as
a function of time.

Surface pressure-area isotherms

The results obtained are presented in Fig. 2. On pure
water (pH 5.6) TLA forms slightly expanded films. The
film is ‘highly’ compressible, and the surface area for film
collapse is hard to observe. The reason for this is most
likely that the surface film starts to bend and fold into
multilayers when no longer compressible. The values of
the surface pressure at these small areas will exceed the
surface tension of pure water, which indicates that one no
longer has an ideal contact between water and a TLA
monolayer.

When the TLA film is spread upon an alkaline solution
(pH 11) the film is not ionized. The small contraction of
the film observed at pH 11, compared to the film at pH
5.6, indicates a slight ionization at lower pH values. As a
consequence, the film expands further when the pH in the
subphase is reduced to 1. In contrast to pH 11 and 5.6 a
clear collapse point is now observed at 81 mN m ~'. This
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Fig. 2. m-A isotherms of TLA (trilaurylamine) on aqueous
subphases with pH 1.5, 5.7 and 11. T=294.0+ 0.5 K.

is most likely due to the reduction of the ability of the
monolayer to bend and fold upon increased surface
charge density.

Relaxation measurements

When an insoluble monolayer is kept at a constant sur-
face pressure it is often observed that the surface area
decreases with time.”'* This is most likely due to one
of the following mechanisms: (i) rearrangements of
molecules,® '* (ii) dissolution into the subphase' or (iii)
transformation to a stable bulk phase.’"'* Relaxation due
to rearrangement of molecules in the film is characterized
by an initial rapid area loss, often depending on the rate
of compression, followed by a slower relaxation which
asymptotically reaches a constant value. If the film
dissolves slowly into the subphase one expects a
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Fig. 3. Monolayer relaxation of TLA (trilaurylamine) on
distilled water (pH 5.7) and on aqueous subphase with pH 1
at40mNm~'. 7=2940+05K.
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continuously decreasing area at constant pressure.
Nucleation is characterized by a relaxation rate that
increases with time.

The results obtained are presented in Fig. 3. Constant
surface pressure relaxation measurements of trilauryl-
amine on pure water at 40 mN m~' show that after the
rearrangements the monolayer slowly relax towards a
constant value. At pH 1 and at a constant surface pressure
of 40 mN m ™', the monolayer is completely stable. A
relaxation behaviour typical of dissolution processes
cannot be observed for the TLA films studied here.

Concluding remarks

In this study we have investigated Langmuir films of tri-
laurylamine (TLA) when spread on aqueous subphases.
It is found that TLA forms stable monolayers at all pH
values studied (pH 1-11). No dissolution of the fatty
amine into the aqueous subphase could be detected.
Constant surface pressure relaxation measurements
reveal molecular rearrangements in the TLA films, but no
dissolution into the subphase. All these data support the
explanation presented in Ref. 7, ie. that a transfer of
chloride ions takes place, instead of a dissolution of TLA.
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