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ABSTRACT

The adsorption of proteins on biomaterial surfaces and their interaction within
the body are major concerns in the field of biocompatible materials. Direct
observation of adsorbed proteins on these surfaces may help understand the
acceptance of organ and bone implants. Therefore, the two objectives of this thesis
are to investigate the adsorption of egg white proteins (albumen) as a model protein
onto titanium and to study the corrosive effects the albumen has on titanium. The
chemical surface composition of titanium was examined by X-ray photoelectron
spectroscopy (XPS), which was used to determine the proteins adsorption behaviour,
and Atomic force microscopy (AFM), which was used to identify the adsorbed
proteins topography and roughness. The adsorption isotherm was plotted by charting
the increase in the nitrogen 1s intensity and also by measuring the decrease in the

titanium 2p intensity on the adsorbed film layer. It was shown that both sets of data



were compatible to the Temkin isotherm. In a solution of only 100 ppb by volume,
the albumen coverage reached 25% of a monolayer suggesting that it easily binds
itself to the native TiO, surface. Conclusively, a complete monolayer was formed by
a solution concentration of 100 ppm. When the concentration was 100 ppm, the
topography of the adsorbed molecules revealed that they began to appropriate the
characteristic globular shape of protein. In addition, the carbon 1s signal was used to
estimate the surface free energy at different surface coverages by means of the model
developed by Kinloch, Kodokian and Watts (1992). The results from the XPS spectra
indicated that the carbon species changed with the presence of the proteins.
Moreover, the chemical analysis of the concentration range showed that there was an
increase of C~Nand O~C =0, which indicates a transforiation from the initial
coverage of hydrophobic contaminated molecules to the hydrophilic surface presented
by the adsorbed albumen film. Furthermore, the electrochemical behaviour of the
adsorbed proteins was studied by using a saline solution with and without albumen.
The effectiveness of the proteins and the corrosive resistance of titanium was
observed via potentiodynamic polarisation. It was found that the adsorption of
albumen obstructed the passivation and the corrosion rate in the passive region was
increased. The increase in corrosion rates as observed may suggest that the proteins

play an important role in the corrosion process.
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