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New Analysis of the
OH® Conductance Mechanism in

Aqueous Solution

Horst Herrmann, Hermann Gerhard Hertz*, and Richard Maurer

Abstract: It is shown that the commonly used schematic representation of the OH®
conductance mechanism in aqueous solution is not the analogue of the corresponding
diagrams for the H® ion. The experimental finding of only comparatively slow motion in
these solutions prompted us to derive a relation between the equivalent conductance, the
OHP® drift velocity, and the parameters of OH® exchange of the water molecules. With
some remarks the connection to the analogous treatment referring to the H® conductance

1s outlined.

It is generally accepted that the electrical
conductance mechanism of H® in water
may be represented schematically in the
form
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This scheme is not without problems.
Firstly, there is no net displacement of the
protons which should at least symbolically
indicate that in the presence of an electric
current, e.g. causing the electrolysis, the
constituent H moves towards the cathode
where hydrogen gas is formed. We have
emphasized this point in a paper treating
the H® conductance mechanism in
aqueous solution in a way analogous to
that given below!.. Secondly, in the right-
hand side of scheme (Ia) the water hydro-
gen atoms are partly displaced with respect
to the positions in the left-hand side of the
diagram. However, during the electrolysis
the mean displacement of the water hydro-
gen atoms, apart from minor partial molar
volume effects, must be zero. This condi-
tion is fulfilled by a rotation of the water
molecules following the preceding two
steps. Usually this H,O rotation is consi-
dered as having the function of the
achievement of a correct acceptor position
for the next transfer process. In contrast to
this, actually the water rotation is part of
the electric current J because it is strictly
connected with J, as has been shown else-
where!'l. But if one chooses proper en-
trance positions of H® in the water mole-
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cule, then according to scheme (Ib) this
water proton contribution to J can be elim-
inated in principle.
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There exists one text-book representation
by Atkins following this scheme®™, how-
ever in the second edition the author has
revised the diagram to give essentially
scheme (Ia), although slightly modified by
adding the rotational rate determining step
mentioned before®™. Furthermore, in the
text books as a schematic representation of
the electric conductance mechanism of the
hydroxide ion diagram (II) is given.
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Itis interesting to remark that this mech-
anism is treated with less detail, or some-
times is entirely omitted. In fact, it seems
that so far it has been overlooked that
scheme (II) is not the analogue of scheme
(Ia). In the latter case the jumping species
is the ion H® and it represents that element
which is evolved at the cathode. In contrast
to this, in scheme (IT) the oxygen which is
evolved at the anode (or the ion OH®
whose concentration decreases in the elec-
trode compartments) is not the jumping
particle. In scheme (II) the rotation of the
water molecules which reinstalls the pre-
vious water hydrogen positions is not the
material oxygen flux which partly con-
stitutes the electric current J leading to the
evolution of O, at the anode. Also, a
scheme analogous to (Ib) cannot be con-
structed from (II). It follows definitely that
the correct analogue to scheme (Ia) is
scheme (I1Ia).
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with AX = W’Nmo/ V which is our final
result.

We give a numerical example: At 25°C,
T ~2-107"% s for cy,op = 1 M¥. Then with
Jone/F ©2.0-10"* cm? s™'V~! and B),0/
Nowe VU ~0.5-10 *cm? s~'V~' (which
is_the value for the ion F€) it follows
|[AX'|725-107" cm. One sees that the
mean vector connecting entrance and exit
of the OH group in the «water sphere» in
the presence of VU =1V cm™ is ex-
tremely small, so that, although scheme
(I1Ib) 1s not exactly correct, effectively it
corresponds to reality: We have a slightly
debalanced superposition of processes
similar o (IT1a) in opposite directions.

We close this communication by quot-
ing the “ormula for the equivalent conduc-
tance of the ion H® which is the analogue
of equation (8)"
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Here a torus construction defines the ionic
species «H®», thus replacing the set of two
overlapping spherical shells.
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