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Abstract

The primary cell wall is a complex multipolymer system whose composite
structure has been mostly determined from chemical and biochemical
studies. Although the primary cell wall serves a central role, with regard to
the connective properties of fibres, knowledge about the interactions among
the polymers, when it comes to the mechanical properties, is very limited. The
physical properties of the polymers, i.e. their elastic and viscous deformations,
as well as the ultrastructure of the polymers, i.e. the interactions among the
polymers in the outer fibre wall layers that lead to this behaviour, are still not
fully understood.

The aim of this study was to examine how the different wood polymers,
viz. lignin, protein, pectin, xyloglucan and cellulose, interact in the outer fibre
wall layers of the spruce wood tracheid. The initial objective was to separate
an enriched primary cell wall material from a first stage TMP, by means of
screening and centri-cleaning. From this material, consisting of the primary
cell wall (P) and outer secondary cell wall (S1) materials, thin sheets were
prepared and analysed using a number of different analytical methods. The
major measuring technique used was dynamic Fourier transform infra-red
(FT-IR) spectroscopy in combination with dynamic 2D FT-IR spectroscopy.
This technique is based on the detection of small changes in molecular
absorption that occur when a sinusoidally stretched sample undergoes low
strain. The molecular groups affected by the stretching respond in a specific
way, depending on their environment, while the unaffected molecular groups
provide no response to the dynamic spectra, by producing no elastic or viscous
signals. Moreover, the dynamic 2D FT-IR spectroscopy provides useful
information about various intermolecular and intramolecular interactions,
which influence the reorientability of functional groups in a polymer material.

Measurements of the primary cell wall material, using dynamic FT-IR
spectroscopy, indicated that strong interactions exist among lignin, protein
and pectin, as well as among cellulose, xyloglucan and pectin in this particular
layer. This was in contrast to the secondary cell wall, where interactions of
cellulose with glucomannan and of xylan with lignin were dominant. It was also
indicated that the most abundant crystalline cellulose in the primary cell wall
of spruce wood fibres is the cellulose Iβ allomorph, which was also in contrast
to the secondary cell wall, where the cellulose Iα allomorph is more dominant.
The presence of strong interactions among the polymers in the primary cell
wall and, especially, the relatively high content of pectin and protein, showed
that there is a very good possibility of selectively attacking these polymers
in the primary cell wall. The first selective reaction chosen was a low degree
of sulphonation, applied by an impregnation pretreatment of chips with a
very low charge of sodium sulfite (Na2SO3). This selective reaction caused
some structural modification of the lignin, a weakening of the interactions
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between lignin;pectin, lignin;protein and pectin;protein, as well as an increased
softening of the sulphonated primary cell wall material, when compared to
the unsulphonated primary cell wall material. All this resulted in an increased
swelling ability of the material.
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