
Nickel in basic media is rapidly converted to Ni(OH)2 (Ni 2+ )
which is further oxidized to NiOOH (Ni 3+ ). This transition
from Ni 2+ to Ni 3+ enhances catalytic electrooxidation
behavior of small organic compounds.9…11The oxidation of
Ni(OH) 2 to NiOOH is represented by anodic peak a1. Fig. 2c
shows that urea electrolysis begins at the same potential where
NiOOH is formed, suggesting that Ni3+ is the active form for
urea oxidation. This is seen as an increase of current density
at a1 in the presence of urea. Furthermore, a change in slope
due to the onset of water electrolysis can be seen at more
positive potentials.

We found that nickel oxyhydroxide modi“ed nickel
electrodes (NOMN) for urea electrooxidation on di�erent

metallic substrates (Ni foil, Ni gauze, Ti foil, and Ti gauze)
that have been electroplated with 10.0� 0.1 mg of Ni using a
Watts bath then activated following the procedure developed
by Vaze et al.10 yield higher current densities than those
of M/Ni, where M represents the metallic substrate.

NOMN electrodes were used for the remaining electro-
chemical behavior analyses. Fig. 3 demonstrates that there is
an in”uence of scan rate on the cyclic voltammetry behavior of
NOMN electrodes. The electrooxidation of urea in this system
was characterized with CVs from 0.0 to 0.6 VversusHg/HgO
at scan rates of 5 to 95 mV s� 1. Fig. 3a shows that the cathodic
peak does not shift in potential as the scan rate increases in the
presence of urea. The curves are shown from 0.0 to 0.5 V for
scaling purposes. Fig. 3b indicates that cyclic voltammetry
peak cathodic currents (Ipc) followed a linear correlation with
the square root of the scan rate (R2 = 0.976). Together, these
criteria con“rm that the production of NiOOH from Ni(OH) 2

is a reversible di�usion-controlled process. The increase in
cathodic currents as a function of scan rate indicates that the
electrooxidation of urea is slower than the electrooxidation of
nickel species to a higher valence state. Therefore, we hypo-
thesize that the rate-limiting step is the reaction between
NiOOH and urea absorbed on the surface.

The electrocatalytic behavior of the NOMN electrode
towards urea oxidation in basic media was further studied
with cyclic voltammetry and constant voltage analyses at
varying operating conditions. It was found that the
current density increases with temperature. Also, higher

Fig. 2 Anode catalyst analysis at 251C: (a) cyclic voltammograms
obtained in 5 M KOH with and without the presence of urea on Ti-foil
supported electrodes with a 10 mV s� 1 scan; (b) constant voltage test
with 1.4 V potential step with 5 M KOH…0.33 M urea; (c) cyclic
voltammogram of Ni/Ti electrode in the absence (grey) and presence
(black) of 0.33 M KOH in 5 M KOH solution.

Fig. 3 (a) Cyclic voltammograms obtained in 5 M KOH + 0.33 M
urea for the NOMN electrode with various scan rates (n) from
5 mV s� 1 to 95 mV s� 1. (b) The plot of cathodic current density
variation with n1/2.

4860 | Chem. Commun.,2009, 4859–4861 This journal is�c The Royal Society of Chemistry 2009


