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Abstract

In this thesis the atomic force microscope (AFM) and quartz crystal
microbalance with dissipation (QCM-D) have been used to investigate
interactions in bio-fibre model systems containing cellulose and xyloglucan
(XG); a naturally occurring polysaccharide important for plant growth. In
addition, the crucial element of friction force calibration has been studied to
obtain accurate and quantitative results with the colloidal probe AFM.

Four different cellulose model surfaces with varying morphology have
been evaluated using colloidal probe AFM. The normal surface forces for
all the substrates studied were qualitatively similar. However, for a given
surface roughness the adsorption of XG leads to a consistent decrease in
friction coefficients for all substrates, suggesting that the effects on friction
arising from either roughness or chemistry can be decoupled. To investigate
the interaction between cellulose and XG exclusively the xyloglucan chains
were enzymatically modified to include a thiol moiety at the chain end. These
were further grafted to gold, forming a thiol-bonded xyloglucan brush-like
layer. QCM-D experiments confirmed the graft to be biologically accessible
to enzyme digestion using the plant enzyme endo-xyloglucanase TmNXG1.
The friction coefficients obtained for the neat brush and the enzyme exposed
substrate showed the same trend with surface roughness as for the cellulose
surfaces. Adhesion measurements on this model surface indicated that the
native specificity between xyloglucan and cellulose is retained.

A number of AFM cantilevers have been calibrated by different techniques
to obtain both normal and frictional spring constants to evaluate the relative
accuracy of the different methods. Good agreement was found between the
techniques for obtaining the normal spring constant. Slightly higher deviations
between the techniques used in obtaining the torsional spring constant were
observed. However these deviations do not lead to quantitatively different
results and based on convenience the thermal technique of Sader et al. is
preferred. Further the important issue of the photodetector calibration is
addressed and a new technique for obtaining the detector sensitivity by
combining different methods is proposed. Finally a conversion factor was
calculated that allows for the cantilever calibration to be done for example in
air while actual friction measurements can be conducted in liquid.
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