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Fig. l.-H.ydrogen overvoltage on the anode and cathode
Rides of an QI-Pd-If bielectrode. Inset shows values at low
currcnt densities; ,., vs. Pt/H~ reference electrodes in the
same solutions; T = 27 ± 10

•
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Fig. 2.- -Hydrogen oyervoltage on a tl-Pd-ll diaphra~m

cathode. Inset shows ',alues at low current densities; 'J
v.~. Pt/H. reference electrodes in the same solutions; T =
27 ± 1 0

•

Figure 3 shows that when the pH of the solution
becomes sufficiently high t.he catalytic activity of
the O'-Pd becomes higher than that of the P-Pd.
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electronic confJguration was sho\\"n. 3 .4 III the
f:1-phase alloy all of the holes in the d-band of the
metal were filled with electrons contributed by
dissolved hydrogen and it could be concludeds.6
that the heat of adsorption of hydrogen atoms on
the metal surface would be less than on the surface
of the a~phase alloy. It was shown 3.7 that, if
the rate-determining step in the hydroge:1-pro­
ducing reaction was atomic desorption, the higher
the heat of adsorption of hydrogen atoms on the
surface the slower would be the rate of thi~ step.
On the other hand, it has been demonstrated8.9

that, if the rate-controlling step was the slow dis­
charge of hycirogen ions to atoms, the higher the
the heat of adsorption of hydrogen atoms on the
surface the faster would be the rate of this step.

An investigation of the hydrogen overvoltage on
bright platinum 10 showed that in neutral ane. alka­
line solutions thc rate-c;eterrnining step for the
hydrogen-producing reaction waR the slow dis­
charge of water to hydrogen atoms. Assuming
that the same mechanism wonld prevail on 0'- and
I3-Pd cathodcs in alkaline solutions, an experimental
test of the pH effect was possible. If the rate­
dctermining step changed from an atomic cesorp­
tion to a slow discharge as the pH of the solution
was increased, then the catalytic activity of tIle
a-alloy should overtake that of the iJ-alloy at the
point where be rate-determining step changed.

Hydrogen overvoltage curves for a- and {1-Pd
are shown in Figs. 1 and 2. These curves are the
average values for three runs and wcre obtained
by previously described techniques. 1.2. 10 The same
piece of 0.005 inch thick with 0.14 cm. 2 exposed
area palladium foil was -..lsed in all measurements.
The preliminary anodic and cathodic treatment of
this feil roughened the surface to such an extent
that, when overvoltage measurements were taken,
virtually no further clu.nge in surface area oc­
curred. Overvoltage values for both 0'- and
iJ-Pd were taken on the same electrode ~urface.

The Tafel, b = 0.12, slope demonstrates that in
the hydrogen-stirred 10.2 and 12.0 pH solutions
(mixtures of purified 0.1 N KOII and 2 N Na2S04)
the rate-controlling step was the slow discharge of
watcr to hydrogen atoms.

In Fig, 3 are shown the effect of pH on the rate
constants, k = -diN'l' for the hydrogen-produc­
ing reactions. These rate constants were deter­
mined 1.2, 10 by taking the derivative of the reciprocal
of the 1/ vs. i slope at low current densities where
there is a lhcar relationship between these quan­
tities. Included arc the values for aeid solutions
which were reported carlier. 1. 2 These rate con­
stants directly measure the relative catalytic
activity.
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