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Figure 3. The charge per unit amount of RuO, for the Ru0,/GC
electrodes, Q,* and Q,*, determined by cyclic voltammetry in
the potential range of 0.3 - 1.1 V (vs. RHE) and 0.0 - 1.45 V
(vs. RHE) in 1 MKOH at 50 mV s™. m,, ., means the amount of
Ru0, loaded on 1 cm? of GC.

In Figurc 2, the steady-state cyclic voltammograms of the
GCand the RuO,/GC clectrodes loaded with various amounts of
RuO, are presented. The voltammetric charges, the half values
of the respective sum of the cathodic and anodic voltammetric
charges, between 0.0 - 1.45 V (. RHE) and 0.3 - 1.1 V (us.
RHE) are named ¢,* and g,*, respectively. The surface charge
density per unit amount of RuO,, Q*, is defined by Q* = (g* -
Goc*)myg,, where g..* and my, mean the voltammetric charge of
the GC electrode and the amount of RuO, loaded on 1 cm? of
GC, respectively. As shown in Figure 3, Q,* and Q,* for each of
the RuO,/GC electrodes increase with a decrease in the amount
of RuO,-loading. The Q,* does not absolutely include the amount
of charge due to the evolution of hydrogen and/or oxygen; while
Q,* might include a small amount of such charges. At 96.5 kC
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mol™, 17, is unity, where 7, is defined as the number of protons
which contribute to the adsorption/desorption on every loaded
ruthenium. The cathodic voltammetric charge for these electrodes
must then caused by the adsorption of the proton on the oxide
and the charge of the electric double layer of the surfaces of
both the RuQ, and the exposed area of the GC. It is noteworthy
that the @, * and Q, * values exceed 96.5 kC mol™ for the electrode
loadings less than 25 nmol cm? and 1.0 nmol cm? of Ru0,,
respectively. Although the precise evaluation of the net charge
due to the adsorption of proton is difficult, both the Q,* value of
329 kC mol™ and the Q,* value of 132 kC mol™ seem to be
extremely large. The former and the latter values correspond to
about 3.4 and 1.4 protons contributing to the charge of the
electrode, respectively, if the charges were supposed to be caused
only by the adsorption of proton on the RuQ,. These values are
significantly higher than the values so far reported concerning
the amount of protons adsorbed on the RuO,-based electrodes. '
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