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Photoelectrochemical water splitting can be used
to store solar energy in the form of hydrogen. Haave
the efficiency of the overall water splitting reiactis
severely limited by the high overpotential costpuieed
for the oxygen evolution half reaction. Furthermdhere
exists a need for a nonprecious metal catalystite the
oxygen evolution reaction (OER) at low overpotdstta
make the process more economical as well as more
efficient.

As an alternative to the best known precious
metal OER catalysts like Ry@nd IrQ, previous work
has focused on manganese oxide and cobalt oxide
catalysts:* We have identified amorphous J#,0, as a
novel, active, nonprecious metal catalyst for OBRng
a simple and scalable sol gel synthesis, thin f{{tsnm
— 200 nm) of Cgri,O, can be deposited on a number of
different substrates. This work begins by charazitey
the structure and morphology of this material and
studying the effect of varying the heat treatment
temperature and elemental ratio of Co:Ti on catalyt
activity and material stability. Furthermore, we
characterize the effect of preparation route on the
oxidation state of cobalt usirex situ L-edge x-ray
absorption spectroscopy (XAS). We also investitfage
effect of catalytic testing on cobalt oxidationtetaf the
surface layer.

We have verified that crystalline CoT{©&
formed at calcination temperatures 550°C and above,
however the lower temperature calcinations whiculte
in an amorphous CoTiOnaterial produce better catalysts
for the OER. A calcination temperature of 150°C
produces a catalyst with a relatively low overpttgn
(~440 mV) to reach 10 mA/chand loses 24% of its
initial activity over 15 hours of continuous tesgfifex situ
XAS reveals that cobalt is in a mixedZ state when in
the active form. This activity was further improvieg
varying the ratio of Co:Ti in the material. Increds
amounts of cobalt resulted in improved catalytitvity
with respect to the 1:1 case (Co}jQAdditionally, it was
found that the red-ox potential of cobalt was shift
towards lower potentials by increasing the amotint o
cobalt in the materiaEx situ XAS again found that the
more active catalysts had cobalt in a mix&s?2
oxidation state whereas the less active catalyaischbalt
in mostly a 2 state.
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Figure 1. Catalytic activity of Cgli,O, catalysts
prepared with varying ratios of Co:Ti.
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Figure 2. Shifted oxidation peak potential with respect to
Co:Ti ratio of CqTi,O, catalysts.
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Figure 3. Ex situ XAS study of Cdi,O, catalysts to
determine change in oxidation state with respe@ddi
ratio.
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