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Effects on the Electrode Kinetics of Cations

Short Communication

Jan 8. Jaworski
Department of Chemistry, University of Warsaw, PL-02-093 Warsaw, Poland

(Received 23 November 1983. Accepted 10 J anudry 1984)

A two parameter approach to solvent variations in the electroreduction rate
constants of cobalt complexes and europium cations is presented and discussed
in terms of solvent —solute and solvent—solvent interactions.
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cation; Solvent effects)

Ein Zwei-Parameter Donor— Acceptor-Ansalz fir Lisungsmitteleffekie bei der
Elektrodenkinetik von Kationen (Kurze Mitteilung)

Es wird eine Zwei-Parameter-Anndherung der Losungsmitteleinfliisse auf
die Geschwindigkeitskonstanten der Elektroreduktion von Kobalt-Komplexen
und  Europium-Kationen présentiert wund auf der Basis von
Losungsmittel —gelGster Stoff- und Lésungsmittel —Losungsmittel-
Wechselwirkung diskutiert.

The modern theory of heterogeneous electron transfer' predicts that
the rate of such a process should depend on the nature of the solvent
which is treated as a uniform dielectric continuum. However, no
agreement with the experimental results has been observed®®. On the
other hand the importance of the short range donor-acceptor
interactions in the solvent effects was realized in the last years®,
especially for solvents with a higher dielectrie constant®®. The
application of the simple equation—similar to the one proposed by
Krygowski and Fawcett” but using the Guimann donor number DN
(from Refs.*%) and the Mayer etal.'® acceptor number AN —to the
literature data of the electrode kinetics is given in this communication.
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The full equation:
G=(,lD_DN+bAAN+C (].)

was used if the addition of the second parameter is statistically
significant at o = 0.05 (c.f. the values of the F,, test, according to
Ref.!, given in Table 1).

The application of eqn. (1) to the double-layer corrected rate
constants In k,,,, (extracted from Ref.?) for the electroreduction via the
outer-sphere mechanism of the three cobalt complexes is given in Table
1. The observed solvent effect is reproduced quite well (94-98%;) and
depends on both DN and AN. The constants ap are negative as can be
predicted from the fact that higher donicity means a greater increase in
the stabilization of the form Ox compared to Red. The contribution from
AN is slightly greater and the constants b, are positive. In order to
understand this observation the entropy changes will be considered.
Sahami and Weaver'? measured the reaction entropy ASS, (ie. the
entropic contribution to the formal potentials) for Co (en)3* in different
solvents and found ® that these values correlate with the variations in the
intrinsic free energy of activation. The changes in A 8;, can explain 83%;
of the variations in In k,,,,. Moreover, the Criss and Salomon parameter
a'® ™ was choosen as a measure of the reaction entropies'?. But there are
no significant correlations between Ink,,, and the Criss parameter.
Moreover, the two parameter correlations with DN added are much
weaker [R =0.899, 0.939 and 0.803 for Co(en)3;” Co(NH,)2 and
Co(NH,); F3+, respectively].

It was suggested7 that the entropy change may be approximately
linear to the acidity function, particularly for the highly structured H-
bonded solvents. And indeed the application of eqn. (1) to the reaction
entropies from Ref. 2, presented in Table 1, gives in all cases better
results than obtainable by use of the Criss parameter. This indicates that
the donor —acceptor approach is satisfactory at least for the considered
solvents which are most usual in electrochemistry. The reaction entropy
should depend on two factors (in analogy to the ionic entropy '>14): the
first one is determined by the reorientation of the solvent in the field of a
complex and could be represented by the solvent —solute interactions
and the second is described by the disruption of the original solvent
structure. Since not the absolute value of entropy but its change
between the Ox and Red states is considered, the strength of the
solvent —solvent interactions determining the easyness of disrupture of
the solvent structure should be taken into account and not the Criss
parameter expressing the degree of internal order. The observed
correlations of AS;, indicate that the short range specific interactions
can express the change not only in the solvent —solute but also in the
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solvent —solvent interactions; however, the possibility of a dielectric
contribution to the AN was noticed by Mayer®.

With the exception of Co(en)iTonly one parameter, AN, is
statistically significant in the explanation of the observed solvent effect
on AS;.. This may indicate the importance of aprotic solvents and
indeed they fit better the correlation lines. An increase in the
solvent —solvent interactions produces a decrease in the reorientation
energy during the electrode process, which can explain the negative
values of by. On the other hand the rate constant is reversely
proportional to the entropy change and the constant b, for the
correlations of the Ink,,, is positive.

Eqn. (1) describes also the solvent effect on the double-layer
corrected formal rate constants for the electroreduction of Eu (ITI/IT)
from recent results'®. Differently to the complexes of cobalt stronger
solvent —cation interactions and consequently a higher contribution
from the solvent donicity may be expected (Table 1). The opposite sign
of b, compared to the case of the outer-sphere reduction also indicates
that the energy of activation is determined mainly by the
solvent —cation interactions in the inner layer, which became weaker
with the increase of competitive solvent —solvent interactions.

The given approach is coherent with our results discussing the
solvent effects on the electrode kinetics of radical anions in terms of the
AN changes®, although the possible contribution from the entropy was
not considered there.
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