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Lesson One
Text
Molecular Structure of Cellulose

Cellulose was first isolated and recognized as a
distinct chemical substance in the 1830s by the noted
French agricultural chemist, Anselme Payen. Payen
concluded, more or less correctly , that cellulose
and starch were isomeric substances because both
had the same carbon and hydrogen analysis and ,sub-
jected to hydrolysis, both yielded D-glucose . Yet
the passage of nearly three-quarters of a century
was required before the precise empirical formula of
cellulose was established as (C;H;,O0:) x. Results
from earlier studies on acetylation and nitration had
indicated that cellulose had three free hydroxyl
groups per (CsH,005) unit.

The next major question in unraveling the over-
all structure of cellulose was to determine if cellu-
lose contained only D-glucose units or if it consisted
mainly of D-glucose units with trace amounts of oth-
er sugars. When cellulose was hydrolyzed directly
with acids, over a 90. 7% yield of D-glucose was ob-
tained. This was good evidence that the only repeat-
ing units in the cellulose polymer were anhydro-D-
glucose. Even better evidence was obtained when
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the cellulose was initially converted into cellulose ac-
etate and then hydrolyzed to a mixture of methyl
glucosides. With this procedure, over 95. 5% yield
of a crystalline mixture of methyl e-and B-D-gluco-
sides was obtained. The reaction is shown below

CHZOH CHAOH

fcgl M OHKHCI - 5. OCH
2 Cellylose — ’:,H ) ’<—f)P 3
5(‘1:,(?-2 traicelale 0 = OCH i

Caollulose ...

The next step in determining the overall struc-
ture of cellulose involved determining how the anhy-
dro-D-glucose units were linked together. To deter-
mine this, samples of cellucose were methylated and
then hydrolyzed to the individual monomeric units.
The position of the methyl groups in the hydrolyzed
units corresponds to the position of the free hydrox-
yl group within the cellulose molecule. The major
product obtained under these conditions was 2,3,6
tri-O-methyl-D-glucose, the formula for which is;

CH. OCHS
mathyigted H* HaO
r_eliull‘{sl T Hy H.OH
HO
OCHy

This formula indicated that the free hydroxyl
« 2.



groups in cellulose were located at the 2,3,and 6 po-
sitions and that the 1,4,and 5 positions were linked
by chemical bonds. The two possibilities are a 4-0
substituted D-glucopyranose or a 5-O-substituted D-
glucofuranose. Further structure investigation set-
tled the problem in favor of the pyranose form. The
final question was to determine whether the linkage
between the units were ¢ or B. Evidence on this
point came from experiments using partial acid hy-
drolysis of cellulose. This treatment converted cel-
lulose into a series of cellulose oligomers, which in-
clude cellobiose and cellotriose. Their formulas are .

szl)H e} QH CH OH
t— [+] *K':
CI - H OH
HG E—'I
CH

oH 2 CH ZOH

Cellobose Cellolrmse

Structural studies of these two compounds indicated
that the linkage connecting the individual units was
B. Therefore, cellulose is a linear polysaccharide
consisting of anhydro-D-glucopyranose units linked
between the 1 and 4 position of adjacent sugar units
by a B linkage. as shown below .
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Notes

1. Payen concluded, more or less correctly . that cellu-
lose and starch were isomeric substances because both had
the same carbon and hydrogen analysis and.subjected to hy-
drolysis, both yielded D-glucose .

X B—8 44, more or less correctly 3 A%, that 5|
SMERFEMNA, HPEH because F1 T B EHERENE.

2. The next major question in unraveling the overall
structure of cellulose was to determine if it consisted mainly
of D-glucose units with trace amounts of other sugars .

B) ) in unraveling the overall structure of cellulose
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Reading Material
Cellular Structure of Cellulose

It would be impossible to understand the chemical reac
tions occurring in the pulping process, account for the phys-
8



ical properties of wood, or even fully appreciate the complex
process of biogenesis without some understanding of the ar-
rangement of cellulose, hemiceiluloses and lignin in the cell
wall. There are several excellent monographs and articles in
which the subject is presented in great detail. The present
discussion will briefly cover some [eatures relevant to the
pulping of wood.

Plant cells are distinguished from animal cells by the
presence of true cell walls containing polysaccharides as the
major structural material. Cellulose is the major structural
component of plant cell walls. It exists in the cell wall as
long, thread-like fibers (microfibrils). The cellulose mi-
crofibrils in mature wood cells are embedded in a matrix
composed mainly of hemicelluloses and lignin.

Electron-microscope studies of mature wood cells show
that they consist of several layers of cell wall surrounded by
an amorphous, intercellular substance (I). A simplified
drawing of the organization of a typical softwood tracheid or
hardwood fiber is seen in Fingure |,

Between the cells is a region , called the compound
middle lamella, that contains mainly lignin and pectic sub-
stances. The primary wall (P), which is only 0.1 to 0. 2 #m
in thickness, contains a randomly and loosely organized net-
work of cellulose microfibrils embedded in a matrix that for
many years was considered to consist of amorphous pectins
and hemicelluloses lacking structural orientation. However,

Later studies have shown that the hemicelluloses are partial-

« 0.



ly oriented. Immediately below the primary wall is the sec-
ondary wall comprising. in fact, nearly all of the cell wall.
The secondary wall is divided into three layers called 5,,8,,
and S,. The outer layer of the secondary wall (5,) is 0. 1-to
0. 3-pm thick and has a cross-hatch pattern of microfibrils.
The 8§, layer of the secondary wall is 1 -to 5-pm thick and
accounts for the major part of the cell-wall volume, The mi-
croflibrils in this portion of the secondary wall are oriented
almost parallel to the fiber axis. In the thin S, layer (0.1
pm) the microfibrils form a flat helix in the transverse direc-
tion. The innermost portion of the cell wall consists of the
so called warty layer, most likely formed from protoplasmic
debris.

Figure 1. Simplified

structure of the cell

Secondary woll .
inoar toyee STAC wall of a softwood
Secondary wal tracheid or a hard-
middis laysr 52 i
Secondaty wal wood fiber
outer layer SI |
& Primary wall
intercellular P
substonce | &
t o
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Lesson Two
Text

Hemicellulosss

The cellulese and lignin of plant cell walls are
closely interpenetrated by a mixture of polysaccha
rides called hemicelluloses. The name hemicellulos
es was originally proposed by Schulze in 1891 to des.
ignate those polysaccharides exiractable from plants
by aqueous alkali. Today most workers limit the
term hemiceliuloses to designate celi-wall polysac-
charides of land plants, excluding the cellulose and
pectin components, The hemiczliuloses are generally
water-insoluble, alkali-soluble substances that are
more readily hydrolyzed by acid than is cellulose.
Structurally, the hemicelluloses differ from cellu
lose in that they are branched and have much lower
molecular weights. The hemicelluloses that are
found in the stalk or supporting tissue of woody
plants are primarily modified xylars, galactogluco-
mannans, glucomannans, and arabinogalactens. the
arabinogalactans are soluble in water and are com-
monly classed among the extractives. They are dis-
cussed in this chapter because of their widespread
distribution in conifers and for comparison of their
structure  and composition to other nonglucose
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polysaccharides. All of these polysaccharides are
built up from a relatively limited number of sugar
residues; the principal ones are ;D-xylose,D-man-
nose, D-glucose, D-galactose, D-arabinose, and 4-O-
methyl-D-glucuronic acid.

Although related, the hemicelluloses in wood
from gymnosperms and angiosperms are not the
same. In angiosperms (hardwoods) the predominant
hemicellulose is a partially acetylated (4-O-methyl
glucurono) xylan with minor amounts of a gluco-
mannan- In gymnosperms (softwoods) the hemicel-
luloses consist of partially acetylated galactogluco-
mannans with smaller. but substantial, amounts of
an arabino (4-O-methylglucurono)xylan. The larches
occupy a unique postion among the gymnosperms in
that they contain arabinogalactan as a major con-
stituent. The difference between angiosperms and
gymnosperms can best be illustrated by showing the
chemical composition of some typical hardwoods and
softwoods. This is shown in Table 1 for hardwoods
and Table 2 for softwoods taken from Timell.

Numerous reviews of the chemistry and bio-
chemistry of the hemicelluloses are available. Sever-
al detailed reviews on their biogenesis, X-ray analy-
sis, and morphology have been published.
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