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Abstract

The topic of this thesis is the electrochemical characterization of oxygen-
terminated single-crystal- and nanocrystalline diamond electrodes. Diamond is
a very attractive material for bio- and electrochemical applications due to its
exceptional stability, its biocompatibility, and its electrochemical properties like
wide potential window of water dissociation and low background current. The
oxygen-termination improves the stability of the electrode characteristics, which
is the main advantage compared to the hydrogen termination, which is apparent
directly after growth.
However, the characterisitcs of oxygen-terminated diamond electrodes are very
dependent on the oxidation treatment, as it is shown in this work. Four different
oxidation treatments are investigated by electrochemical measurements: Wet-
chemical oxidation in a H2SO4/H2O2 mixture, anodic oxidation in KOH, RF
oxygen plasma without DC bias and an etching process in argon/oxygen plasma
including a DC bias. The electrode characterisitcs are correlated with the results
from X-ray photoemission spectroscopy (XPS) measurements. It is shown that
these oxidation treatments induce different carbon-oxygen functional groups on
the diamond surface. In addition, plasma treatments can lead to sp2-like defects,
especially in the case of the argon/oxygen etching process. In the latter case, the
plasma process results in a thin layer of non-diamond phases, which is expected
to degrade the performance of the diamond electrodes exposed to this treatment.
The different carbon-oxygen surface groups and the different amounts of sp2-like
defects have a significant influence on the electrochemical characterisitcs of the
corresponding diamond electrodes, which can be observed by cyclic voltammetry
and electrochemical impedance spectroscopy measurements. These two measure-
ment techniques play an important role in the characterization of the diamond
electrodes and are therefore discussed in detail. One important parameter which
is investigated is the electronic surface barrier of diamond in contact to the elec-
trolyte, which can vary over a range from below 1.0 eV to almost 2.0 eV depending
on the oxidation treatment.
Apart from the oxidation treatments, the cases of single-crystal and nanocrys-
talline diamond are compared. It is shown that the grain boundary network can
also affect the characterisitcs of diamond electrodes.

xi


