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ABSTRACT
Molccules of hemicellulose in walls of softwood tracheids are birefringent and lie cssen-
tially parallel to cellulose molecules. These hemicelluloses perform a structural function in
providing a link between cellulose and lignin, and consequently should be considered as
“coupling agents” between them. Models of the softwood tracheid ccll wall should recognize

this structural role for hemicelluloses.

Additional keywords:

The cell wall of softwood tracheids is
generally considered to consist of an array
of crystalline cellulosic elementary fibrils,
35A in diameter and of indefinite length,
embedded in a matrix of hemicellulose and
lignin. The detailed molecular disposition
of this matrix is not known, in spite of its
importance to wood and wood-pulp tech-
nology. Recently, useful insights into the
mechanical properties of wood fibres ( Cave
1968; Cowdrey and Preston 1966; Mark
1967; Page et al. 1972) have come from
consideration of the analogy between the
structure of the wood cell wall and that of
a fibre-reinforced plastic composite. In this
analogy the cellulosic fibrils play the role of
the reinforcing fibres and the hemicellulose
and lignin, the matrix. The purpose of this
note is to point out that pursuit of this
analogy can lead to a profitable speculation
on the structure of the matrix.

A living tree withstands considerable
stresses not only from its own growth but
also from wind and gravity during its life-
time. Clearly the cell wall has a structure
that is strong in its wet state. In contrast,
fibre-reinforced composites, and particu-
larly glass fibre-reinforced epoxy resins, ex-
hibit poor strength retention when exposed
for long periods to wet conditions (Sterman
and Marsden 1968). Strength is lost be-
cause moisture migrates along the hydro-
philic glass surfaces, reduces the glass-
epoxy bond strength and facilitates crack
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growth. A technology has developed that
overcomes this deficiency (Wong 1968). It
uses a so-called “coupling agent,” generally
a short-chain molecule, one end of which is
linked covalently to the glass fibre, the
other to the matrix. It seems that, because
of the hydrophilic nature of cellulose, the
composite wood cell wall would also require
a coupling agent to provide it with wet
strength. Tt is suggested here that the hemi-
cellulose plays this role.

It is proposed that the hemicellulose
molecules are substantially parallel to the
cellulosic fibrils and attached to them by
hydrogen bonding and Van der Waals’
forces. Since the homopolymers, xylan and
mannan, of the common softwood hemi-
celluloses are known to crystallise, it is
possible that the more complex native mole-
cules of glucomannan and glucuronoxylan
may cocrystallise at least for one molecular
thickness onto the cellulosic fibrils. Such
crystallised molecules would be expected
to withstand stress in the wet state. The
side chains, branches and chain ends, to-
gether with steric hindrances would clearly
prevent perfect crystallisation so that por-
tions of the hemicellulose molecules would
extend into the matrix. There they would
either be linked covalently to the lignin, or
embedded in it and held by physical forces.
A model of the proposed structure is shown
in Fig. 1.
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I'ic. 1. Proposed model for the structure of the
softwood tracheid cell wall.

The model finds support from several
observations.

(a) There is evidence that the hemicellu-
lose molecules are oriented parallel to
the fibrils (Liang et al. 1960; Marches-
sault and Liang 1962; Preston 1964).
This evidence has been strengthened
by a recent finding that the hemicel-
luloses of softwood, in situ, have a
birefringence equal to that of cellulose
(Page et al. 1976), and must therefore
be abmost perfectly oriented.
Although the question of a covalent
link between hemicellulose and lignin
is disputed, there is some evidence in
its favour (Merewether 1960). How-
ever no modern authors have proposed
a covalent link between cellulose and
lignin.
No plants exist that contain only lignin
and cellulose, implying perhaps that
lignification serves no purpose it hemi-
celluloses are absent.
(d} The proportion of cellulose to hemi-
cellulose in wood generally agrees with
a model in which the hemicelluloses
form a single cocrystallised layer
around the fibrils.

(¢)

It is freely admitted that this model is
not appreciably different from those pro-
posed by several previous authors (Fengel
1970; Frey-Wyssling 1959; Marchessault
1964; Preston 1964). In particular, it is
quite similar to the model of Albersheim
(1975), who has shown, working with pri-
mary walls of sycamore cells, that the hemi-
cellulose, xyloglucan, cocrystallises onto the
cellulose and forms, with other hemicellu-
loses, a cross-linked structure between the
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fibrils. The concept developed here of
the hemicellulose as coupling agent be-
tween the cellulose and lignin does, how-
ever, seem to add a rationale to models of
the structure of softwoods that has hitherto
been lacking.

REFERENCES

Avsersuen, P, 1975, The walls of growing
plant cells. Sci. An., 232(4):80-95.

Cave, I. D. 1968. The anisotropic elasticity of
the plant cell wall. Wood Sci. Technol. 2(4):
268-278.

Cowprey, D. R., axp R. D. Preston. 1966.
Elasticity and microfibrillar angle in the wood
of Sitka spruce. Proc. Roy. Soc. B166:245-
272.

FenceL, D. 1970. Page 74 in D. H. Page, ed.
The physics and chemistry of wood pulp
fibres. (Special Technical Association Publi-
cation No. 8, Tappi, New York, NY).

Fruv-WyssLine, A, 1959, Die Ptlanzliche Zell-
wand. Springer, Berlin.

Liang, C. Y., K. H. BasserT, E. A. MCGINNES, AND
R. H. MarcaessavLT. 1960. Infrared spectra
of crystalline polysaccharides. 7. Thin wood
sections. Tappi 43(12):1017-1024.

MarcHessavrt, R. H. 1964. In Actes du Sym-
posim International de Grenoble. Les Im-
primeries Réunies de Chambéry, Chambéry,
France.

MarcHessauLT, R. H., anp C. Y. Lianc. 1962.
The infrared spectra of crystalline polysac-
charides. 8. Xylans. J. Poly. Sci. 59:357-378.

Mark, R. E. 1967. Cell-wall mechanics of
tracheids. Yale Univ. Press, New Haven, CT.

MeREwWETHER, J. W. T. 1960. The linkage of
lignin in the plant. Pages 630-658 in F. E.
Brauns and D. A. Brauns, The chemistry of
lignin. Academic Press, New York.

Pace, D. H., F. Er-Hosseixy, M.-L. BIDMADE, AND
R. BiNver. 1976.  Birefringence and the
chemical composition of wood pulp fibers.
Applied Polymer Symposium 28:923-929.

Pace, D. H., F. EL-HossEixy, K. WINKLER, AND
R. Bamv. 1972. The mechanical properties
of single wood-pulp fibres. Part I: A new
approach. Pulp Pap. Mag. Can. 73(8):T198-
T203.

Preston, R. D. 1964, Structural and mechanical
aspects of plant cell walls with particular ref-
erence to synthesis and growth. Pages 169-
188 in Martin Zimmerman, ed. The formation
of wood in forest trees. Academic Press, New
York.

STERMAN, S., anp J. G. Marspen. 1968. Bond-
ing organic polymers to glass by silane coup-
ling agents. Pages 245-273 in R. T. Schwartz
and H. S. Schwartz, eds. Fundamental aspects



48 D. H. PAGE

of fiber reinforced plastic composites. Inter- 243 in R. T. Schwartz and H. S. Schwartz, eds.
science Publishers, New York. Fundamental aspects of fiber reinforced

Wong, R, 1968. Mechanism of coupling by plastic composites. Interscience Publishers,
silanes of epoxies to glass fibers. Pages 237- New York.





