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Ion transfer across the interface between two immiscible
electrolyte solutions (ITIES) has lately appeared to be
more complicated than anticipated in the advent of this
field of electrochemistry ca. 20 years ago.!™® In addition
to the usual difficulty always present in electrochemistry
of establishing consistent sets of ionic quantities, the low
relative permittivity of the organic phase causes extensive
ion-pairing.® These problems are reflected, for instance,
in the scattered values of ionic standard potentials of
transfer reported in literature, or in disagreements con-
cerning the mechanism of the ion transfer.”!! Also, the
kinetics of ion transfer can be inferred by the homogen-
eous reaction kinetics in the organic phase.!?

In this paper we investigate problems associated with
ion transfer using monovalent cations, H*, Li*, Na™*,
K*, Rb*, Cs* and NH;, as examples at the
water/1,2-dichloroethane (DCE) interface, and show that
even in these simple systems several possibilities exist
which are responsible for the observed behaviour. Two
anions, tetraphenylborate (TPB™) and p-[4-chlorotetra-
kis]tetraphenylborate (TPBCl™), were used as the
organic base electrolyte. In spite of their structural
similarity, the latter anion is much more hydrophobic,
which changes the transfer mechanism at the positive
polarization limit completely for certain cations. An
obvious explanation of this behaviour was shown to be
preferential solvation'* of TPBCI ™.

Experimental

The four-electrode cell and experimental procedures used
have been described elsewhere.* The measured potentials
correspond to the cell

* To whom correspondence should be addressed.
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Ag|AgCl{xM MCl(w)|0.01 M TBATPB(o)or
TBATPBCl(0)
| 1.0 mM TBACI(w)|AgCl|Ag

where M corresponds to the cation and x=0.1, 0.2, 0.5,
1.0 or 2.0; TBA =tetrabutyl ammonium, TPB=tetra-
phenylborate and TPBCIl = p-[4-chlorotetrakis]tetraphen-
ylborate. The concentration dependence of the potential
at constant current which corresponds to a Tafel slope
was determined using this four-electrode cell as reported
previously.'®

To determine which ion is crossing the interface at the
positive polarization limit, cyclic voltammograms were
measured with micropipette techniques described earl-
ier.!3 The sweep rate was 25mV s~ '. The cell was the
same as above with x=0.1 M. In all the measurements
potentials were corrected for the absolute Galvani poten-
tial scale as before.!*

TBATPB and TBATPBCI were prepared as previously
described.'®!” Chloride salts MCl were of analytical
grade (Merck). TBACI (Fluka) and 1,2-dichloroethane
(Rathburn HPLC) were used without further purifica-
tion. Water was purified with a Millipore Milli-Q system.

Results and discussion

Micropipette techniques provide a versatile means to
deduce which ion is crossing the interface at the polariza-
tion limits.’®* When using TPBCI™ as an anion of the
organic base electrolyte all the ions investigated here
were crossing at the positive polarization limit, because
the free energy of transfer of TPBCl™ from DCE to
water is higher than the free energies of transfer of these
cations. However, when TPB~ was used it was trans-
ferred before Na™ or Li*. Nevertheless, this result does
not mean that the free energies of transfer of K*, Rb™,
Cs*, H" or NH; are necessarily lower than the free



energy of TPB ™ ; however, they are transferred as a result
of ion-pairing in the organic phase, which lowers the
formal potential of transfer:

RT
AN+ = APy —— In(1/yms + Ketey - epa- (1)

AY DY+ and AY @y +are the formal and standard poten-
tials of ion transfer, K, is the association constant of the
reaction between the cation transferred and TPB™ or
TPBCI™; vyy+ is the ionic activity coefficient of the
transferred cation in the oil phase, and a3pg- 1ppci- iS
the activity of TPB™ or TPBCl . In Fig. 1 the transfer
of NH/ is shown in the both cases, while in Fig. 2 either
Na* or TPB~ is transferred, depending on the organic
base electrolyte anion.

NH4+ transfer
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Fig. 1. Voltammogramms of 0.1 mol dm™3

NH,Cl(w)-0.01 mol dm~3 TBATPB(o) (---) and
0.1 mol cm =3 NH,Cl(w)-0.01 mol dm~2 TBATPBCI (—). The
sweep rate is 25 mV s~ ' and the diameter of the micropipette
is 20 pm.

Nat and TPB™ transfer
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Fig. 2. As in Fig. 1 but for NaCl{w).

SHORT COMMUNICATION

Apparent Tafel slopes were determined for those cat-
ions which were transferred across the interface, as shown
in Figs. 3a and 3b. In the case of TPBCI™ all the slopes
were approximately 60 mV per decade, indicating
Nernstian behaviour. Using TPB™ as an anion a slope
of ca. 40 mV per decade was observed for the transfer
of K* and H*, which corresponds to the formation of
an interfacial ion pair.!>!> Small deviations from the
slope of 60 mV per decade in the case of Cs™ and Rb*
together with TPB™ are due to the narrow potential
window. Also, the evaluation of ionic activities is subject
to small errors. Interestingly, none of the cations showed
a Tafel slope of 120 mV per decade related to Butler—
Volmer kinetics.

In a recent study'® the shift of the transfer potential
of Rb* at the positive polarization limit was found to
be due to preferential solvation of TPBCI™ phenyl rings.
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Fig. 3. The concentration dependence of the potential at
constant current corresponding to a Tafel slope. (a) TPBCI™
as an organic anion and (b) TPB~ as an organic anion. The
cations are as chlorides in the aqueous phase.
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The same behaviour, i.e. a shift of ca. 180 mV, was
observed for Cs* and NH; (Fig. 1). Also, for K* and
H™ (actually H;O0*) a shift of ca. 100 mV was measured
indicating the existence of this phenomenon, but the
difference in transfer mechanisms when changing the
organic anion prevents quantitative analysis in these
cases.
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