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PART I

1

GMRRAL INTRODUCTION

Polysaccharides are abundantly distributed in

nature, both as structural components of the cell-wall,

and as reserve carbohydrate material. The nroblem of

classification may be approached from several directions

the general classification most widely used is based on

solubility differences rather than on inherent

differences in chemical structure or biological function
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The fibrous residue of plant tissue remaining after de¬

lignification is known as holocellulose; in the

researches of Cross and Bevan (1), however, the name

cellulose was given to this material, a nomenclature

which fell into disuse as knowledge of the chemistry of

cellulose increased. The hemicelluloses are removed from

the holocellulose by extraction with dilute alkali; this

procedure also removes the pectic substances, which may,

however, be recovered from the holoceilulose, or the

plant /



2

plant tissue itself, with water or mildly acinic agents.

The residual alkali-insoluble materi<al is now

termed cellulose. Payen (2), whose classical work in this

field laid the foundations of cellulose chemistry,

regarded it as a homogeneous substance built up in some

way from glucose alone, and it is in this sense that the

term is rno_st widely usee? to-day. So far as is known, it
■

possesses the same basic structure regardless of its

source. It forms the main skeletal tissue of all the

higher plants, and is -form-1 in certain marine plants and

animals; a bacterial form is synthesised by the organism

'acetobacter xylinum'. An arbitrary subdivision into

three fractions, designated a-, 3-, an-1 Y-. has been made

on the b^sis of differential solubility in 17.5^ alkali

(solium hydroxide). The insoluble portion is termed a-

cellulose; the 3-fraction is precipitated on acidificatio

of thealkaline filtrate , while the term Y-cellulose is

applied to the polysaccharide material remaining in

solution.

The 3-fraction is probably a degraded a-

cellulose; the Y-form may not necessarily be a true

cellulose at all (3). 'The minimum degree of polymerisatio

(DP) of a-cellulose is in the region of 200, while that

of 3-cellulose ranges from 10 to 200; the DP of the ?-

fraction may be 10 or less (A). Celluloses from all

sources '! iffar only in the reibrt±ve proportions of the

n

B

three fractions present, in the length of the chain

mo_.lecu.les, and in the fine structure of the component

fibres.

The Structure of Cellulose /



3

The Structure of Cellulose

The connection between cellulose and glucose

was first noted in 1819 (5). Almost a century was to

elnose, however, before the ouantitative nature of the

conversion was established bv hydrolysis (6) and

acetolysis (7). Conclusive proof appeared in. the work of

Irvine and Hirst (8), who subjected cotton cellulose to

acetolysis, followed by methanolysis, and recovered over

95^ of the theoretical yield of methyl a- and 3-D-

alucosides. Ho other compounds were detected, and the

furfural test for pentosans was negative.
(9)

The same authors, improving the earlier work

of Denham and Woodhouse (10), used Haworth's reagents

(11) to prepare a trimethyl cellulose in 70# yield,

containing ^ methoxyl groups. The theoretical

methoxyl content corresponding to tri.methyl anhv^ro-

glucose (45.6#) apparently cannot be attained without

extensive degradation (19, 13). The highest nitrate (1")

and acetate (15) hitherto -prepared also demonstrated the

fact that the glucose residues of which cellulose was

compose^ each contained three free hydroxyl groups. Prio:

to this time, the colloidal properties of cellulose had

led many workers (16) to believe that these glucose unit

were associated in some form of physical aggregation. Th

hydrolysis of this trimethyl ether was of fundamental

»

•

r

3

a

importance in the elucidation of tne cellulose struct-re

and in the repudiation of the so-called association

theory. The main product was a trimethyl glucose, which

was identified as the 2:3:6 tri.methyl derivativel) The su

synthesis /

»
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synthesis of this sugar (18) confirmed the allotted

configuration, showing that the free hydroxyls in

cellulose were on carbon atoms 2, 3. and 6 of each

glucose residue. That those on Op and 0^ were free was
later demonstrated by oxidation with solium periodate, a

reagent which specifically oxidises a-glycols to two

aldehyde groups. Tn the application of this reagent to

cellulose, a polymerised dialdehyde, giving only traces

of glucose on hydrolysis, was formed (19).

I I
H—c OH _ H c =0

IO4
,

H c OH H c =0

I I
OC-Cis-qlycol Two aldehyde groups

ch2oh ch2oh

cellulose polymerised dialdehyde

Thus the Ath. and 5th. positions in each

glucose residue were involved with 0^ in the formation of
both the glucose ring and the int'jr-glucose link. The

respective roles of and 0^, and the configuration of
the inter-glucose link, were ascertained by the study of

intermediate scission products. Cellobiose, a product of

partial /
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partial hydrolysis, was first shorn to be a di-

saccharide composed of two glucose units. Hydrolysis to

glucose with emulsin, its inertness to maltase (20), and

its specific rotation, showed the link between the

glucose residues to have the p-configuration. Methylation

and hydrolysis (21) gave 2:3:4:6-tetra-0-methyl-T)-glucose

and 2:3:6-tri-£-methyl-D-glucose, showing the structure
to be A- or 5-3-H-glucopyranosyl-D-glucopyranose. further

work by Haworth and co-workers resolved this ambiguity

(22, 23). Cellobiose was oxidised to cellobionic acid,

which was methylated and hydrolysed to give 2:3:4:6-tetra-

O-methyl-D-glucose and a tetramethyl gluconic acid. The

latter formed a characteristic T-lactone, and on oxidation

yielded dimethoxy succinic acid, showing the Gluconic

acid to be 2:3:5:6-tetra-0-methyl-H-gluconic acid (See

page 5).

Thus cellobiose was established to be 4-(p-D-

gliicopyranosyl)-H-glucopyranose; this formulation was

later confirmed by synthesis (2i, 25). Other workers

(26-29) have since isolated higher oligosaccharides by

the partial break-down of cellulose, from cellotriose to

celloheptaose; these were shown to be built on the same

pattern as cellobiose, in that all i_:ere formed by union

of the appropriate number of glucose residues, joined by

p-linkages through the first and fourth positions.

Haworth and oo-workers (30) co>

oligosaccharides to the parent cellulose structure by the

acetolysis of trimethyl cellulose under very mild

conditions, disproving the contention that cellobiose

might /



7

might be a reversion product. This work demonstrated that

in cellulose at least seven contiguous glucose residues

are linked by repeated 1:4 ^-linkages; no evidence exist

which suggests that such a structure does not persist

throughdut the entire molecule, as depicted below.

ch2oh

ch2oh

ch2oh

— o

n

Ohaln-moleculnr formula for cellulose

The truth of this hypothesis has been demon¬

strated polarimetrically by Freudenberg and his

collaborators (31), on the assumption that the specific

rotation of cellulose should be an additive function of

the rotations of its constituent units. The correlation

between the theoretical v-^lue obtained for cellulose and

those found for its soluble scission products wr s inter¬

preted as a polarimetric proof of the chain-molecular

formula. The Freudenberg school was also the first to

evolve a coherent theory of the kinetics of cellulose

hydrolysis (32-34). Here again agreement between theory

and experiment confirmed the current concept of cellulos®

structure.

'

hile by 1930 it was generally accepted that

cellulose w s a long-chain polymer based on anhydro-

glucose as the monmeric unit, little was known of the

actual /
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actual length of the molecules. Since then, great

advances have been made in the determination of the

molecular weights of such macromolecules, hut at that

time the only indication of the approximate length of

the cellulose chains derived from Haworth's methylation

procedure. If cellulose is of the formula shown cr the

previous page, then hydrolysis of its methylated

derivative should produce one molecule of 2:3:4:6-tetra-

O-methyl-D-glucose from the non-reducing end of the

chain, and further, the relative proportion of tetra-

methyl glucose in the hydrolysate should he a measure of

the length of the chain. Irvine and Hirst (g) were

unable to detect any tetramethyl glucose in the

hydrolysate of methylated cellulose; to account for this,

they proposed a large looped structure. Other workers

(35), on the same evidence, suggested that the molecule

was too long to permit the small amount of end-group to

be detected. later, however, Haworth and Machener (36)

isolated methyl tetramethyl glucoside by vacuum distillation

of the mixture of methyl gruoosides obtained on

methanolysis of methylated cellulose; the cuantity
-

recovered corresponded 'go a chain-length of 100-200

glucose units.

Although later workers corroborated Haworth's

result (37), ITeumann and Hess (38), using a different

method of separation of the end-group, were unable to

detect any tetramethyl glucose,, after direct methylation

of cellulose in an atmosphere of hydrogen. Claiming the

method of separation to be sensitive to one part in

9000, /
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9000, Hess asserted that the chain-length of cellulose

w~s at least 10,000. The degradative influence of atmos¬

pheric oxygen was confirmed hy the Haworth school (39,

40), while studies on hydrocellulose indicated that the

decrease in viscosity of the product during methylation

was accompanied by an increase in the quantity of end-

group isolated (41). Hess pointed out, however, that a

simple relationship between viscosity/ and end-group

criteria of chain-length could not be assumed; to account

for some of the discrepancies encountered, he proposed a

cellulose structure involving inter-chain oxygen bridges

of the type shown (42).

At the same time Haworth (43) suggested a

structure involving head-to-tail linkage of adjacent

cellulose molecules to form a loop structure in which the

parallelism of the chains was maintained by primary or

secondary valences of an undefined nature.

I 3
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More recent studies (aa) on the end-group

of cellulose by the methylation procedure, however,

have shown that a measurable quantity of tetramethyl

glucose can be isolated from native cotton, even with

the most rigorous precautions to ensure the exclusion

of oxygen from the methylation mixture. Values ranging

from 1000 to 2000 vrere obtained for the HP of the

cotton cellulose.

Several other methods now exist for the

determination of the BP by reactions specifically in¬

volving the reducing or non-reducing end-group of the

molecule. The most successful of these has been

oxidation with a saturated solution of potassium

periodate (45), which results in the liberation of one

mole of formic acid from the non-reducing end of the

molecule, and two moles from the reducing end. In

addition to the advantage

Non-reducinq cnd-qroup Reducing end-group
of contributions from both end-groups, there is the

added advantage that oxidation of the remainder of the

chain, although it does occur, does not affect the

auantity on which the estimation depends, except

insofar as the oxidation products interfere with the

titration /
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titration of the formic acid released (4-6).

The majority of other methods depend on the

reducing power of the aldehydic end-group. The inherent

difficulty in all methods of this type lies in ensuring

that oxidation is restricted to the aldehydic group.

Among the many oxidising agents which have been utilised

in this respect may be mentioned alkaline sodium hypo-

iodite (-/l-7-49), alkaline 3:5 dinitrosalicylic acid (50),

and ethyl mercaptan (51). Such methods are of limited

value in the case of cellulose, in view of the very

small proportion of reducing groups present.

Only an average molecular weight can be

determined in the case of such polydisperse macro-

molecules. Chemical end-group measurements of the type

described above give a number-average, as does osmometry,
which is more applicable to cellulose derivatives

soluble in organic solvents. Although solutions of high

polymers deviate considerably from the classical laws of

Yan't Hoff, an extended form of the osmotic eeuation

has been developed by (Flory (52), which enables
A

molecular weights in the range 2 -50 x 10 to be

determined with reasonable accuracy; measurements are

performed on dilute solutions and the resxxlts extra¬

polated to zero concentration. The same procedure is

adopted in the viscometric determination of molecular

— weights, which is based, on gtaudinger*s empirical

relation, V gp= 0 where y* is the specific viscosity,
Km a proportionality constant characteristic of the

particular /
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particular polymer-solvent system, and M the weight-

average molecular weight, since the observed effect

increases with the mass as well as with the number of

the molecules. In view of its simplicity, it is the most

widely used method for the determination of the mole¬

cular weight of cellulose and its derivatives (53).

Molecular weights and their distributions can

be measured directly in the ultracentrifuae. The dev¬

elopment of this instrument to its present status in

polymer chemistry is almost entirely due to Svedberg and

his co-workers (54-). Sedimentation velocity or sedimen¬

tation equilibrium data are measured: it is the latter

method which is particularly useful in determining the

pol.y-dispersity of polymeric materials.

The insolubility of cellulose in all but a

limited number of solvents renders the measurement of

its molecular weight uniauely difficult among such

macro-molecules; those available are either strongly

acidic, such as concentrated sulphuric acid, or alkaline

e.g., cuprammonium solution. Consequently great care is

necessary, particularly in the exclusion of oxygen to

ensure that marked degradation of the cellulose does not

occur. TTor does the use of cellulose derivatives

obviate this difficulty, since some degree of <3e-

polymerisatlon almost invariably accompanies the

chemical transformation.

The table over leaf summarises the most

notable results obtained in recent years for the UP of

cellulose. /
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cellulose.

Method Degree of polymerisation Reference
ITaiive Ooxton Ramie
cotton 1inters

Methylation inf.
Osmometry
Viscometry

Vi scometry 20 20

Ultracentrifuge 3500

TJltracentrifuge

Viscosity 15,000

The very high figure (15,000) obtained by

Ivanov and Golova is of note in that their measurements

were carried out at varying oxygen concentrations, and

the results extrapolated to both aero oxygen and aero

cellulose concentrations.

Another factor renders still more difficult

the interpretation of such varied results as those

quoted above; namely, the state of dispersion of

cellulose in solution. The Staudinger school (53, 56,

59) believe it to be molecularly dispersed, bub it has

also been contended that the cellulose molecules remain

aggregated in pre-formed units of the micellar type (60).

McBain, on the other hand, has suggested that

aggregates of cellulose molecules, which are not related

to any form of pre-formed morphological unit, are formed

in solution (61). It may well be that the quantities

measured correspond not to the true molecular weight,

but to the average 'dispersed particle' weight. In view

of /

inf.
740
600

1440

1000-
3000

9200

(43)
(43)
(43)

2660 (55)

(56)

11,300 (57)

(58)
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of all the factors involved, it is difficult to make any

critical assessment of the molecular weight of cellulose,

particularly in those cases, such as wood and "Rsparto

cellulose, where extensive chemical onerations are

involved in its isolation.

The "Pine Structure of Cellulose

Chemical investigations and molecular weight

determinations show cellulose to he composed of very long

chains of 1:4 0-linked anhydroglucose residues, with

perhaps 10,000 or more glucose molecules in each chain.

More recent research has been devoted to the manner in

which these molecules are associated with one another to

form the cellulose fibre. The first steps towards an

understanding of this problem lie in the investigation

of the X-ray diffraction pattern of cellulose.

A number of workers had reported a diffraction

pattern produced by cellulose before Polanyi (62,63)
.

calculated from such a pattern the dimensions of a hypo¬

thetical unit-cell. Sponsler and Pore (64) utilised

Polanyi's measurements in the first spatial model of the

unit cell, in which successive glucose residues were

linked by alternating 1:1 and 4.: 4 p-linkages. This was

not in harmony with the chemical evidence, and a new

unit cell, embodying the recurrent 1:4 0-link reouired

by current chemical concepts, was proposed by Haworth

(65). This too was rejected, however, because of dis-

crepancies with known atomic radii, then recently

measured by the Braggs.

The first accurate correlation of X-ray and

chemical /
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chemical data appeared in the work of Meyer, Mark, and

their collaborators (66-68). The dimensions of the unit

cell, with adjacent cellulose molecules -pointing in

opposite directions, calculated by this school, were

later confirmed by Gross and Clark (69), and are still

generally accepted.

Unit cell of cellulose

The diffraction pattern given by cellulose, and

the unit cell based on such a pattern, represent the

effects produced by the recurrent highly-ordered portions

of a polycrystalline system. The diffraction patterns

ve due to hypothetical 'crystallites1 embedded in an

amorphous matrix of disordered cellulose chains. The

cellulose fibre is considered, to a first approximation,

to be composed of many such crystallites separated by the

amorphous /
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amorphous or intercrystalline regions. More accurate

characterisation of any individual cellulose structure

reouires a knowledge of i) the relative proportions of

crystalline and amorphous material present, and ii) the

average length of the crystalline portions of the fibre.

There is an ever-increasing number of methods available

for the determination of the first of these parameters.

A.11 necessarily treat cellulose as an approximation to

a two-phase system; the diversity of results obtained

show that such a premise is inaccurate. There exist in

the fibre all degrees of order from complete randomness

to a close approach to crystalline perfection. Therefore

any single method can only measure a summation of orders

up to a certain limit, which is a characteristic not of

the cellulose itself but of the method of measurement.

It is therefore impossible to make any absolute estimate

of crystallinity; the values obtained are only of use in

comparing the degree of order of one cellulose with that

of another.

Both chemical and physical methods have been

devised for the measurement of such values. In general,

results of each type differ by about 30$, showing that

the two groups differentiate between crystalline and

amorphous cellulose at very different levels of order.

Of the physical methods, the most widely used is X-ray

diffraction. Comparison is made of the intensity of the

diffraction rings produced by the ordered portions of the

fibre with that of the diffuse radiation due to the

disordered regions (70,71). Measurement of the density

of /
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of cellulose fibres may also be correlated with the

Quantity of crystalline material present (72), and in

general gives values in good agreement with those of

X-ray diffraction analysis.

Water sorption data offer a very sensitive

means of differentiation between different celluloses,

but are not easily related to any function of the

crystallinity. As a first approximation, it may be said

that the uptake of water for any cellulose, at low and

intermediate relative humidities, is proportional to the

amount of amorphous material present. The most prominent

theoretical approaches of recent years have explained

the characteristic sigmoid-shaped isotherm in terms of

surface and multilayer adsorption (73), the formation

of imperfect solutions in which the cellulose acts as

solvent (74,75), and the formation of stoichiometric

hydrates (76). TTo theory, however, adeouately explains

the sorption over the entire humidity range. The

evidence for the formation of hydrates is far from

conclusive /
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conclusive, nor can the large uptcake of water (rising to

5-10 moles water per mole anhydroglucose; in relating

sorption data to order-disorder ratios it is generally

assumed that the water fails to penetrate the crystalline

regions) "be attributed to hydrogen bond formation, since

it has been shown (77) that all the hydroxyl groups of

the crystalline portions, and many of those in the

amorphous regions, are already mutually saturated in this

respect. 4 recent theoretical treatment by Enderby,

however, (78) successfully accounts for sorption

characteristics in the lower humidity range on the

assumption that the oxygen atoms of the pyranose ring

CELLULOSE CHAIN Q
>i

^-Ck
H H H H

r°v/ \ /—ardl
-o-

CELLULOSE O Q O
~OT H M H

< XH. 0__H>kH_0/
;

o o o

and inter-glucose glycosidic bonds readily form

hydrogen bonds with the sorbed water. Results at higher

humidities are best interpreted in terms of multilayer

condensation, or the formation of imperfect solutions.

Hysteresis on desorption is eaually character¬

istic of all celluloses. Delay in collapse from the

swollen state, due to the persistence of sorbed water

within /
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within the fibre network, offers the best explanation

of this effect. The rigidity of the structure maintains

a higher number of available sorption sites, and con¬

sequently the uptake on desorption is greater than on

sorption (79).

The quantity of amorphous material present may

be determined using the sorption ratio concept of

Urouhart and Williams (80), who observed that the ratio

of the uptake of any cellulose relative to that of

cotton at the same humidity was approximately constant

throughout the humidity range. Assuming direct pro¬

portionality between uptake and the quantity of

amorphous material, the latter can be calculated on the

assumption, based on X-ray diffraction, that cotton

contains 40# amorphous cellulose. The percentage of

amorphous material may also be calculated from the
isotherm

theoretical sorption of Bailwood and Horrobin (74).

Some figures for the percentage of amorphous

material in cotton, wood and rayon are given in the

table below. (For comparison with the X-ray data, a

figure of 30# has been assumed in calculation from the

sorption ratio.)

Method Author, Ref. Cotton Wood Rayon

Water sorption Howsmon, (81) 30# 36# 54#
X-ray diffraction Hermans, (72) 30# 35# 60#
Density Hermans, (72) 40# 50# 65#

Chemical evaluation of order-disorder ratios

yields an estimate of the so-called 'accessibility*, and

in general is based on the fact that many of the hetero¬

geneous reactions of cellulose proceed in two well-

defined /
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defined stages ; the first corresponding to rapid inter-

action with the most disordered or accessible portions

of the fibre, the second to slower attack upon the

crystalline regions. Many different chemical reactions

have been -utilised in this way since details of

Dickerson' s oxidative hydrolysis with boiling ferric

chloride-hydrochloric acid mixtures were first published

(82). In this case the course of the reaction was

followed by measurement of the carbon dioxide liberated

by the ferric chloride from the glucose produced on acid

hydrolysis. The course of heterogeneous hydrolyses of

this type has also been studied by determination of the

weight loss on hydrolysis (83). Agreement between

results obtained by the two methods is fairly good.

The most notable of other accessibility

measurements have been those employing oxidation with

sodium periodate (84). deuterium oxide exchange (85),

and eneymic hydrolysis (86). Results obtained by the

above methods are shown in the table below.

Method Author, Ref. Cotton Wood Rayon

Oxidative hydrolysis,
Dickerson (82) 5# 10# 212

Weight loss level1, (83) 4# 6# 23#
Periodate oxidation,

Coldfinger, (84) 6# 19#
Ensymic decomposition

Perlin, (86) 6% (filter paper)
Deuterium oxide exchange (85) 21# 46# 66#

Frilette et al.

As has already been noted, chemical

accessibility measurements differ considerably from the

percentage amorphous material as determined by physical

or non-destructive methods. It has been suggested that

these /
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• >

these discrepancies are due to two factors. Chemical

methods are carried out under conditions which permit

recrystallisation of the amorphous material (70,87), and

conseouently give low values for the percentage of

amorphous cellulose. Alternatively, the low values for

the crystallinity obtained by physical methods can be

explained in terms of effects at the surfaces of the

crystallites, affecting both X-ray diffraction and

sorption phenomena (88). In recent work, however,

Sharpies (89) measured the accessibility of Egyptian and

American cotton under conditions designed to minimise

recrystallisation, but failed to obtain any large in¬

crease in accessibility.

The discrepancy betwreen the two types of

measurement may arise from a combination of the txvo

factors; it should be pointed out that both methods are

affected by the sise of the crystallites, and by the

degree of disorder of the amorphous cellulose.

The contention that the surface layers of the

crystallites should be readily available for the sorption

of water, and yet remain impervious to chemical attack

in swelling media, is not easily accented. Anomalies in

order-disorder evaluation are more readily understood in

terms of the order-distrib\ition concept recently intro¬

duced by Howsmon (90). Tbile no experimental methods

exist whereby curves showing this distribution may be

plotted, tentative examples can be drawn from existing

data (See overleaf).
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Examination of such diagrams shows that present methods
Oe 0.

resolve cellulose into two components ^ a and ^ o:
o «

Oe is the order level at which the particular method

resolves the cellulose into crystalline and amorphous

material. "Differences between physical and chemical

methods thus arise from differentiation at different

levels throughout the order ranae. Where such a ranre of

orders exists, it is not to be expected that widely

different experimental approaches will afford similar

degrees of resolution.

Appreciation of the existence of such regions

of order and disorder has exerted considerable influence

on the formulation of theories of the fine structure of

cellulose fibres. The earlier micellar (91) and

continuous (92) theories of structure have been replaced

by the 'fringed micelle' representation of the fibre (93

MICE LLAR CONTINUOUS FRINGED MICELLE
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As a first approximation, the fibre is com¬

posed of long chains of 1:4. linked (3-D-glucose residues.

Many other factors are involved in any detailed represent

ation of the fibre structure.

In recent years much attention has been paid

to the cuestion of the existence of extraneous inter- and
¥

intra-molecular linkages. The prevalence of hydrogen

bonding throughout the structure has already been

mentioned (77); as have the proposed inter-chain oxygen

bridges of the German school (42). Pacsu (94) has also

suggested the existence of internolecular linkages, in

this case taking the form of acetal or hemi-acetal bonds

originating in. the aldehydic end-group. It was later

shown, however, that the formic acid produced on oxidatio

with potassium perlodate was insufficient to justify the

proposed structure (95).

Pacsu claimed that the acetal linkages were

characterised by hydrolysis rate constants very much

greater than that of the (3-1:4 inter-glucose link. Acid-

sensitive bonds of a different type, in this case

attributed to recurrent xylose units within the glucose

chains, have been proposed by Schul?: and co-v?orkers

(96-98) . Weak bond theories of this type have been

severely criticised, and at the moment the balance of

evidence is certainly not in their favour. Independent

investigations (99,100) have shown that, while some form

of recurrent weak link may exist in regenerated cellulos

(100). their presence in native cotton may be considered

refuted.

The /
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The manner in which the 'fringed micelle' is

related to the fihre structure as a whole has "been the

focal point of much controversy in the last two decades.

The advent of electron microscopy has contributed much to

our knowledge of the fine structure of cellulose. Before

any form of microscopic examination can be made, the cell

wall structure must be disrupted in some way, and the

severity of this treatment has frequently been over¬

looked in assessing its consequences. Where purely

physical or mechanical methods have been employed, the

fibrillate nature of the parent fibre has been con¬

vincingly demonstrated (101). Such studies have shown

that the fibrils of which the fibre appears to be com¬

posed have diameters within the range 50 - 500A; in

length, they are slightly greater than the limits of

resolution of the optical microscope.

While it may be correct to regard the fibre

■=s composed of a number of fibrils separated by dis¬

ordered inter-fibrillar material, it is possible to over*

emphasise the elementary nature of the fibrils themselves.

Several workers (102-105) have reported examinations of

hydrolytic fragments of cellulose, finding them in each

case to be of fairly uniform dimensions, v/hich, however,

varied wTith the conditions under which the disruption of

the fibre was performed. In all cases, the cleavage

fragments had dimensions xahi.ch corresponded well with

the sise of the crystalline portions of the fibre, as

measured by X-ray diffraction.

It appears reasonable to regard the second

•type /
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type of fragment described in a different category from

the fibrils isolated by procedures less severe than

chemical breakdown. The evidence hitherto adduced,

however, does not justify the tise of the term

fundamental, as has so often been done, in description of

either. If there are recurrent gross faults in the fibre

structure as a whole, xvhereby it may be considered sub¬

divided into more elementary components, it is only to

be expected that these should lie in the direction of the

fibre axis. To assign, some fundamental significance to

any particle of less than molecular length (perhaps 25 -

O

50,000a) introduces a complication of doubtful value to

a subject already rendered increasingly complex from year

to year.

Introduct ion to the Present '"rork
O

Pecent work, notably by Panby (88.103,106),

has shown that cellulose may be peptised after acid

hydrolysis to form colloidal micellar solutions. The dis¬

persed particles were found on examination in the

electron microscope to be of uniform dimensions, although

these varied with the cellulose sample employed. For

example, those from sulphite pulp a-cellulose were shown
o ©

to be *60A in length and 73A in diameter, while the same

cellulose after mercerisation yielded particles 255&
in length and of the same diameter; a viscose rayon

produced particles of only 116A length. Viscometric
determination of the TCP's of the corresponding acid-

treated /
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acid-treated celluloses gave values of 9A, 47, and 21

respectively. The eouivalence between the two sets of

measurements suggests that the unpeptised residue and the

colloidally dispersed particles differ only in their

state of aggregation. This view is confirmed by the fact

that the hydrocellulose may be further dispersed by

ultrasonic irradiation.

Electrophoresis measurements indicated that the

colloidal particles carried a negative charge in solution

The sol itself was highly hydrophobic and readily co¬

agulated by the addition of small ouantities of electro¬

lyte; the minimum concentration of sodium chloride

reauired to effect flocculation was found to be 14 mg.

ner litre. In the absence of electrolyte, or when

stabilised by the addition of other polysaccharide

material such as starch, pectin, or Y-cellulose, they

proved stable over long periods of time.

Though the nature of the particles themselves

has been extensively studied, their relation to the

parent fibre remains obscure. If the fringed micelle

picture of the fibre is essentially correct, it is

probable that the colloidal particles are closely related

to the 'crystallites' or ordered portions of the fibre:

in view of the degradation and accompanying recryst^l-

lisation whioh may occur during the acid hydrolysis, it

latter.

This picture of the hydrolysis ^nd peptisation

is supported by all the physical data presented by Ranby.

In /
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In each case the dispersed particles were found to have

the same lattice parameters as the parent cellulose, and

their dimensions corresponded closely with those of the

crystallite found by X-ray diffraction measurement. Their

uniformity was confirmed in the ultracentrifuge, which

also indicated the absence of any particles of sub¬

stantially lower molecular weight.

Alternatively, it is possible to regard the

colloidal particles as an intermediate stage in the

hydrolysis of the polycrysts.lline cellifLose, or in other

words as scission products of little structural

significance. The object of the present investigation is

twofold; firstly, to appraise the relative merits of the

above theories, and secondly, by using Esparto cellulose

as the starting material, to supplement present knowledge

of its fine structure.

Despite its imnortance as a paper-making

material, Esparto cellulose, in comparison with wood pulp

and cotton, has attracted very little attention. Though

Cross and Sevan (107) included Esparto grass in the
\

natural products they investigated, the existing con¬

fusion between cellulose and hemicellulose rendered their

conclusions of superficial value. Irvine and Hirst (108)

showed that the 'cellulose'examined by Cross and Sevan

was in fact a mixture of cellulose and a pentosan

composed predominantly of xylose residues. After -

exhaustive alkaline extraction they separated a true

cellulose giving only glucose on hydrolysis; hydrolysis

of the methylated cellulose yielded crystalline 2:3:6-

tri-O-methyl-D-glucose. /
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-tri-0 -m ethyl-E-glttcose.

More recent work in this laboratory (109)

failed to reveal any manor structural differences

between cotton and Esparto cellulose, ko tetramethyl

glucose was detected on hydrolysis of the methylated

derivative, although fluidity measurements suggested that

the molecular weight of Esparto cellulose was appreciably

lower than that of cotton. A direct relation between

fluidity and the severity of the extraction procedure

was demonstrated, however; it is ouite feasible to

assume that the molecular weight of Esparto cellulose'in

Situ' is as great as that of cotton cellulose.

Somewhat contradictory results were obtained

in examining the interaction of Esparto cellulose with

para-toluene sulphonyl chloride, and with sodium meta-

periodate. In the former case, where reaction occurs

between the primary hydroxyl on Og and the substituent,
"Esparto cellulose was found to be more reactive than

cotton; in the latter where the a—glycol grouping formed

by the seconders'- bydroxyls on C2 and is split by the
reagent, the "Esparto cellulose was found to be less

reactive. Since it is doubtful, if the standard

application of such reactions will offer any criteria of

reactivity, the anomalous results obtained were

probably due to some abnormality in the samples of

-cellulose employed.

SUMMARY OF PRESUHT ^ORF

Esparto cellulose, prepared from Esparto grass

by /
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FIGURE I - Sodium meta-periodate oxidation curves.
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FIG-TIRE 2 - Potassium periodate oxidation curves.
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by extraction with solium hydroxide under a steam

pressure of 40-45 lb./so.in., formed colloidal solutions

comparable to those described by Ranby, when hydrolysed

with 10^ sulphuric acid and washed with distilled water.

Peptisation of the h.ydrocellulose occurred when the pFI of

the wash liouor had risen to 4, and continued throughout

eight or ten washings. The dispersed particles of these

sols, recovered by centrifugation after flocculation with

electrolyte, served as the starting material for the

present investigation.

The colloidal cellulose prepared in this way

contained residual traces of xylan, identified as xvlose

on a paper chromatogram of the hvdrolysed material. It

wrjS completely oxidised by sodium meta-periodate, the

uptake of oxidant corresponding to 1.03 moles periodate

per glucose residue (See figure 1, p.29).

''hen oxidised xvlth potassium periodate, the

colloidal cellulose liberated 1 mole of formic acid per

23 glucose residues. On the assumption that the reducing

and non-reducing terminal groups liberate respectively

2 moles and 1 mole of formic acid, this figure indicates

a "DP of 69 for the colloidal cellulose. A parallel

determination on another sample of colloidal cellulose

prepared from filter paper, which is manufactured from

short-fibre wood pulp, gave a value of 94 for the TP

(See figure 2, p.30).

Sixteen methylations of the colloidal Esparto

cellulose with dimethyl sulphate and alkali (11),

followed by two treatments with methyl iodide and silver

oxide /
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oxide (110), gave a methylated derivative containing 43#

methoxyl groups. This ether was fractionated by-

dissolution in petrol-chloroform mixtures of increasing

chloroform concentration, and the main fraction

hydrolysed with methanolic hydrogen chloride (4^) to a

mixture of methyl glucosides. The glucosides were then

hydrolysed with mineral acid to the free sugars, which

were then separated by partition chromatography on a

cellulose column. The components shown in the table below

•were subsequently identified.

Sugar Weight in mg. #Molar

2:3:4:6-tetra-0-methyl-D-gluoo se 29.1 > 1.3#

2:3: 6-tri-0-methyl—B-gluco se 1847.1 86.4#

2:3-di-0-meth.yl-D-glucose 35.6 2.3#

2:6-di-0-methyl-D-glucose ,

3:6-di-(5-methyl-I)-glucose -1 193.6 6.3#
3.1#

monomethyl glucose trace -

glucose tr^ce -

2:3:4-tri-O-methyl-D-xylose ,

2:3-di-0-methyl-D-xyl0 s e
monometKyl xylose

7*2
trace

8.6
-

The ouantity of tetramethyl glucose isolated

indicates a chain-length of 77 glucose residues, which

compares favourably xvith the value of 69 given by the

potassium periodate-formic acid method.

The Oxidation of Esparto_Cellulose with Sodium Periodate
Examination of the uptake of sodium met----

periodate by the original Esparto cellulose, the hydro-

cellulose formed in the sulphuric acid hydrolysis, and

alkali-extracted Whatman's chromatographic gr-de

cellulose /
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cellulose, showed that oxidation was complete in each cas

(see figure 1, p.29). In the previous application of this

oxidation to Esparto cellulose (109), only 80# oxidation

was reported.

Accessibility Measurements

The percentage accessibility of the "Osparto

cellulose, the colloidal cellulose, and the hydrocellulos

remaining after peptisation, was determined using

Hickerson's h.ydrolytic oxidation method (82). The carbon

dioxide liberated when each cellulose was digested in a

boiling solution of ferric chloride (0.6M) and hydrogen

chloride (2.4-10 was measured gravimetrically. The carbon

dioxide evolved from an approximately eouivalent amount

of glucose was measured under identical conditions. The

ouantity of glucose formed by the hydrolysis of the

cellulose can be calculated from the amount of C02
evolved. By defining the percentage of hydrolysis to be

the percentage formation of glucose, Bickerson has shown

that the following calculation may be used to convert

carbon dioxide - time data to 'hydrolysis-time curves.

After an initial induction period a, the

evolution of carbon dioxide from glucose is approximately

linear over a period of 6-7 hours (see figure 3, p.34).

The glucose reaction can therefore be represented by the

relation

—=—s(t - a),— eouation (1)

where W = moles C0o evolved per mole glucose, and s =
o

slope of the linear plot. Differentiation gives

dWg
= s, eouation (la),DT
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<■

FIGURE 3 - Carbon dioxide - time curves.
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dW,
g = s, ecruation (la),

dT

where T = (t-a). The 00^ plot for cellulose, on the
other hand, is only linear when plotted as logFCC^/mole]
against log T, and is therefore represented hy the

relation

log rrc = log A + B log T, ....eouation (2),
where Wc = moles 002 evolved per mole glucose, log A =

intercept on log [CC^] axis, and E = slope of the log-log
*D

plot. This eouuation is of the form Wc = A.T , and on

differentiation gives

dT.0 = AB .T
B-l

eauation (2a).
dT

Eiokerson (loc. cit.) completes the calculation

by considering the ratio of the instantaneous rates of

reaction, as expressed in enutations Ha) and (2a), to be

eoutal to the ratio of the glucose concentrations in the

two reactions; i.e.,

[ AB.T
B-l

s

Multiplying by 100, to convert to a percentage basis,

and dividing by 1.11 (the ratio of the molecular weights

of glucose and anhydroglucose), the percentage yield of

glucose, which has been defined as the percentage

hydrolysis of the cellulose, is obtained, i.e.,
B—DL

"-'Oclludose hydrolysed - IPO.
1.11 s

The best linear plots corresponding to ecruations (1) and

(2) were calculated by the method of least souares

(111), omitting those observations which, due to the

initial /



36

)

FIGURE 4 Percentage hydrolysis curves.
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initial induction period or the levelling-off after

6-7 hours, ??ould not lie on the linear plot.

The "best straight-line plots for both glucose

and cellulose in the case of each cellulose examined are

represented by the following eouations.

1) Esparto cellulose: log Wc = 1.392.log T - 1.865

Glucose; W =
g 0.1848 T.

*) Hydrocellulose; log Wc = 1.566.log T - 1.861

Glucose; Wg = 0.1780 T.

3) Colloidal cellulose; log Wc = 1.365 .log T - 1.843

Glucose; wg = 0.1948 T.

Substitution of the appropriate values of A, B,

and s in Uickerson's formula enables the percentage

hydrolysis to be plotted over an appropriate period of

time. The hydrolysis-time curves determined in this way

for each of the three celluloses are shown in figure A

(p.36). They show that the value of the accessibility

obtained by extrapolation to ?:ero time is governed by the

portion of the curve through which the extrapolation is

made. It can also be seen that the extrapolation through

the 1-5 hour portion of the curves will be almost super¬

imposed on the straight line through the co-ordinates at

2 and 4 hours; similarly, that through the 4-8 hour

portion of the curve will be virtually identical with the

line through the 5 and 7 hour co-ordinates. To eliminate

the uncertainty of extrapolation, the accessibility has

therefore been determined by the calculation of the

intercepts on the ^ hydrolysis axis of the lines through

these co-ordinates. The accessibilities measured in this

way /
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way are shown below,

Cellulose Accessibility

1-5 hr. 4-8 hr.

# Cellulose
hydrolysed aft e3
8 hours.

Esparto 8.4# 11.3# 21#

Hydrocellulo se 8.5# 13.4# 34#

Colloidal cellulose 8.2# 11.1# 19#

Water Sorption Measurements

Characteristic hysteresis loops were obtained

(figures 5-7, pp.39-4-1) on measurement of the water

sorption of the same three celluloses. The percentage of

amorphous material in each was calculated using the

theoretical sorption isotherm of Eailwood and Horronin

(74). The isotherm, given below, is derived on the

assumption tbrt sorption is due to a combination of

hydrate formation and solid solution; it has been

criticised on thermodynamic grounds (73), but nevertheless

correlates reasonably well, particularly in the inter¬

mediate humidity range, with experimental data.

Mr
VW)

ah a3h
T+aFH

(M = apparent molecular weight of the monomeric unit, R

= moisture regain (#), h = relative humidity (^), and a

and 3 = constants). This eauation is of the general form
?

A + Bh - Oh - h/r. The best values of the constant

A, B, and C can therefore be found by calculation of the

application of the method of least souares (112) to the

experimental data. This gives the sorption curve of

closest fit, consistent with the mathematical form of the

isotherm,/
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FIG-TIRE 5 - Water sorption

i) Esparto cellulose.
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FIGURE 6 - Water sorption

ii) Colloidal cellulo
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FIGURE 7 - Water sorption

iii) Hydrocellulose.

4
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isotherm.

The algebraic relations of the three constants

A, B and 0 to the constants in the actual isotherm (a, 3

and M) are found by partial fractions to be:-

M
A 1800a(1 4 0)

Ma(3-1)
A = 1800a(1 + 3)

A _

Ma23vwnn~tf 'J!1 -?n

These three expressions c^n be solved as simultaneous
/

eeuations in a, 3 and M• the last-named will be greater

than the true value of 162 since it has been assumed in

the derivation of the isotherm that it is only t^ose

glucose residues in the amorphous regions which may take

part in hydrate formation. The value of [Iff - 162]/162
will therefore be equal to the so-called 'crystalline-

amorphous ratio', from which the percentage of amorphous

cellulose can be calculated.

This algebraic procedure was applied to the

sorption results (the isotherm does not apply to the

desorption curve) to give the eouations and constants

summarised below.

Best eouations of the form y = A. » Br + Ox2

Esparto, h/r = 1.A73 + 0.235h - 0.00208h2
Hydrocellulose, h/r = 1.636 + 0.225h - 0.00189h''"
Coll'1 cellulose, h/r = 1.461 + 0.263h - 0.00237h2.
Values of a, 3, - thtr ' crystall ine -amorphous- ratio', and'

the percent a re amorphous material.

Esparto Hydroc'se Coll'l

a 0.00839 0.0079* 0.00849

(cont'd overleaf)
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Esparto Hydroc'se Colloidal

3 20.048 18.282 22.560

M 468.5 453.3 525.9

Crystalline:amorphous 1.89 1.31 2.25

$ Amorphous material 35$ 36$ 31$

The sorption ratios of the three celluloses

were calculated from the values of the moisture regain

at 50$ relative humidity by comparison with that of

cotton at the same humidity (113).

Cellulose Reference Moisture SorptionMoisture borption >

rag. (50"*) ""rarlo amorph

Esparto - 6.22 1.29 39$

Esparto hydrocellulose - 6.14 1.28 38$

Esparto colloidal cellulose 5.78 1.20 36$
Cotton (113) A.81 1.00 30$ (

Sitka spruce (114) 8.22 1.71 51$

n2)

Spruce c—pulp (115) 6.00 • 1.25 35$
The percentages of amorphous material given in the above

table were calculated on the assumption that cotton

contains 70$ crystalline material, which is the value

found by Hermans using the X-ray diffraction method (72).

DISCUSSION

An adecruate picture of the nature of the

colloidally dispersed cellulose can be presented on the

basis of the results summarised in the previous section.

Oualitative examination of the hydrolysis-time

curves /
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FIGURE 8 - Rates of hydrolysi
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curves (figure 4, p.36) reveals two main features; 1) the

colloidal cellulose is slightly more resistant to attack

than the parent Esparto cellulose, and 2) the hydro-

cellulose is substantially less so. These distinctions

are more sharply brought out in the curves shoxving the

time dependence of the rates of hydrolysis (figure 8, p.

44). A very sharp change in rate occurs over the first

two hours, after which the reaction continues at a very

much reduced rate. Throughout the period observed, the

rate of hydrolysis of the hydrocellnlose is approximately

2.5 times that of the Esparto, which in turn is about

15'"' faster than that of the colloidal material. The same

trends, though less marked, are shown in the values

quoted for the accessibilities determined by the

Eickerson method. Further examination of the rate curves

in figure 8 shoxra that the first sot of results, corres¬

ponding to extrapolation over the 1-5 hour period of

reaction, represent most closely the percentage of

material accessible to the ferric chloride-hydrochloric

acid mixture, since the sharp drop in rate, indicating

the destruction of the most disordered cellulose, is

completed in the first three hours of reaction. It may

be noted at this point that in Eickerscn's data (116)

extrapolations apoear to have been made from a similar

portion of the curve. Subsequent differences in the

relative rates cf-react? on suggest variations in the

degree of order of the crystalline regions of the three

celluloses.

Oomparison with Eickerson's results (loc. cit.)

shows /
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shows that, allowing for uncertainties in extrapolation,

Esparto cellulose has an accessibility which is com¬

parable with, if not actually slightly lower than, that

of wood cellulose. Accessibilities in the range 5-15$ are

characteristic of all native celluloses; Esparto appears

essentially similar to wood in this respect. Kickerson

(117) has also studied the effects on accessibility and

moisture regain values of prior hydrolytic treatment,

finding a decrease in both for durations of hydrolysis

up to one hour; thereafter a steady increase in moisture

regain was observed, while the accessibility remained

unaltered at an apparently irreducible minimum. This is

in effect a corroboration of what has already been

pointed out; namely, that the two criteria of order-

disorder ratios, accessibility and moisture regain, are

not directly related to the same function of crystallinitjy,
The initial decrease in both quantities was attributed to

recrystallisation effects; thereafter the two quantities

are clearly not a measure of the same property.

In the case of the Esparto hydrocellulose,

which is the product of three hours hydrolysis in boiling

sulphuric acid (10$), a slight decrease in moisture

regain is accompanied by a relatively large increase in

accessibility. Thus while its behaviour towards water

vapour is similar to that found for 'three hour* hydro-

cellulcse by Tliokorson-, there is no comparable similarity

in carbon dioxide evolution. Though such a discrepancy

may be explained in terms of the measurement of different

functions of orystallinity, an explanation must also be

found /
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found for the presence in the hydrocellulose of material

which is accessible to the hydrolytic agent but

impermeable to ?/ater vapour. This question will be more

fully dealt with later.

Figures 5-7 (pp.39-41) show that the moisture

regain of the three celluloses at low and intermediate

relative humidities decreases in the order Esparto

cellulose, hydrocellulose, colloidal cellulose.

Qualitatively, this indicates an increase in the same

order of some function of the quantity of crystalline

material present. Since any mathematical expression of the

form y = A + Bx - Ox2 gives a sigmoid-shaped curve,

correlation of experimental data with the Hailwood and

Horrobin isotherm is inevitable provided the correct

constants can be assigned. The validity of any evaluation

of order-disorder ratios from such an isotherm will there¬

fore rest on the truth of the assumptions from which the

equation is derived. A number of justifiable objections

to these have been raised. In particular, the assumption

that the three components - cellulose, cellulose hydrate,

and water - form an ideal solid solution, is not in

harmony with the observed behaviour of polymer systems

(118), while Enderby (78) has pointed out that the

divergence between theory and experiment at low

humidities arises from an erroneous statistical concept

implicit in the derivation of the isotherm.

For present purposes, however, interest is

centred chiefly on the reality of the operative

molecular weight M, which Hailwood and Horrobin assume to

remain /
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remain constant throughout the humidity range. That this

is improbable h-s apparently been overlooked. Since the

isotherm attributes sorption only to those glucose

residues in the amorphous regions of the fibre,

constantcy of the term M requires that the number of such

glucose residues should also remain constant. It is

almost certain that increasing swelling stresses at

higher humidities will render further positions in the

fibre available for sorption, thereby depressing the

value of M. Consequently, the use of the method of least

squares in calculating the best value of M consistent

with sorption over the entire humidity range will yield

a value of M which is actually lower than the initially

operative, or true, value; in other words, the

calculated percentages of amorphous material will be

slightly higher than the correct value.

Hailwood and Horrobin applied this method of

calculation to several natural fibres. The percentage of

amorphous material in cotton was found to be 32$. The

present results therefore suggest Esparto to be slightly

less ordered than cotton, a fact which offers

qualitative confirmation of the accessibility data. This

method, however, suggests a rather greater enhancement

of order in the case of the colloidal cellulose than was

found by hydrolytic oxidation. The smaller difference in

order found by measurement of the sorption ratio, and

which is indeed implied by the sorption values themselves

suggests that the low percentage of amorphous material

in the colloidal cellulose, as determined from the

isotherm /
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isotherm, is at least in part an algebraic artefact.

It may be concluded that, relative to the parent

Esparto cellulose, accessibility and water sorption data

indicate a small increase in the degree of order of the

colloidal cellulose, and a decrease of comparable

magnitude in that of the hydrocellulose.

Before including this conclusion in an assess¬

ment of the nature of the colloidal particles, it is

necessary to consider in greater detail the processes of

hydrolysis and peptisation by which the colloidal

cellulose is formed. It has already been pointed out

that the sulphuric acid may act in either of two ways.

Firstly, hydrolysis may occur throughout the amorphous

regions, leaving the crystalline portions more or less

intact, or secondly, the hydrolytic action may result in

the disruption of the crystalline structure as well as in

the destruction of the most disordered material. To

determine the more probable course of the reaction it is

necessary to consider the present results in the light of

available data on the manner in which acids and bases

penetrate the cellulose fibre structure.

The action of aqueous acids and bases depends

on whether the accompanying swelling of the fibre is

intercrystalline or intracrystalline in nature, the latter

term implying that free penetration of the crystallites,

celluloses are reprecipit acted from cuprammonium solution,

the lattice parameters are found to have undergone

modification; the same effect may be noted after

mereerisation. /
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merceris&tion. Since the X-ray diffraction pattern is due

to the crystallites themselves, any modification of this

pattern forms a sure indication that intracrystalline

swelling has taken place. Consequently, X-ray diffraction

has keen v/idely used as*sensitive measure of spelling

beliaviour.

Most strong acids and bases at high

concentrations produce both inter- and intra-crystalline

swelling; at lower concentrations swelling is generally

limited to the inter-crystalline regions. As a rule,

alkalis have a considerably greater swelling action than

acids; a number of workers (119) have defined and

measured limiting concentrations for a number of bases;

below these concentrations (which generally lie within

the range 1 - 31) swelling is limited to the non¬

crystalline portions of the fibre. The concentrations of

acid required to effect intracrystalline swelling are as

a rule much greater; figures in tie region of 101 have

been quoted for nitric acid and perchloric acid (120).

In a study of the temperature dependence of the

accessibility of different celluloses to 90$ formic acid,

Howsmon (121) found that a 50° rise in temperature in¬

creased the accessibility of native celluloses by only a

few per cent.

All these observations point to the fact that

the interaction of dilute acids with native eellulose

will be confined to the non-crystalline regions of the

fibre. Destruction of the crystalline material will

proceed at a much lower rate, dependent largely upon the

permeability /
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permeability of the crystallites to the particular acid

involved. There are no *a priori* grounds for supposing

that 10# sulphuric acid could cause any intracrystalline

swelling of Esparto cellulose, whose accessibility has

been shown to be comparable with that of cotton and wood.

It follows therefore that the initial hydrolysis

will result in the destruction of the bulk of the dis¬

ordered material. In view of this, it might be expected

that accessibility and sorption measurements would, show

a significant increase in the relative order of both the

hydrocellulose and the derived colloidal cellulose. Some

enhancement in the order of the latter has been

established; water sorption shows the order of the former

to be essentially the same as that of the parent cellulos

while the accessibility is greater. This discrepancy can

be explained by assuming that there are present in the

hydrocellulose a number of small crystallites, which

though impermeable to water vapour at room temperature,

are neither sufficiently large nor sufficiently well-

ordered to impede the diffusion of boiling hydrochloric

acid. It is not necessary to assume that such

crystallites have been formed by the disruption of the

crystalline regions of the E^arto cellulose in the

preliminary sulphuric acid hydrolysis. The presence of

small crystallites in the fibre is very probable; it is

equally feasible that some should survive a three-hour

hydrolysis in 2N sulphuric acid at 100°C, to be

destroyed by the action of 2.4TT hydrochloric acid at 132'

over seven hours.

The /

0
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The relatively small increase in order found

for the colloidal material is best explained in reims of

surface effects. No measurement of the diameter of the

colloidal particles was made in the course of the present
'

study, hut, assuming it to he of the same order of

magnitude as that reported by Ranby (106) for cotton and

wood, namely 50-100A, each fragment or particle should con-

tain very approximately one hundred glucose chains, if

arranged cylindrically in perfect geometric order, thirty-

five of these chains would lie in the first surface layer,
'

With considerable affinity for water vapour, and of course,

readily accessible to attack by hydrolytic agents. In

other words, crystallite si^e, determining as it does the

proportion of glucose chains in the surface layers of the

cellulose particle, is a more Important factor than the

geometric order prevailing throughout the interior of the

crystallites. A corollary of this argument is that the

crystallites from viscose rayon, which Ranby found to be
.

-

much smaller than those of cotton or wood, should be less

crystalline, as measured by these reethods, than native

cotton or wood cellulose. Unfortunately, no data is

available to test this interesting hypothesis.

The present results offer only one indication

of the relationship between hydrocellulose and colloidal

cellulose; namely, that the latter has a more highly-

ordered structure. Ranby's correlation of crystallite

sise, as measured on the electron micrograph, with the

viscosity HP's of the corresponding hydrocellulose, shows

the two celluloses to be essentially similar in chain-

length. /
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chain-length. It would therefore appear that the

peptisation of a portion of the hydrocellulose is due to

a difference in lateral order. It has already heen

pointed out that the colloidal solutions are strongly

hydrophobic, in character. Where a sol is formed of

particles containing as many hydrcxyl groups as does

cellulose, hydrophobic character can only be explained

as a consequence of high internal saturation of the

hydroxyl groups through hydrogen bonding. It can there¬

fore be postulated that the process of peptisation is

simply the separation from the hydrolysed residue of

those particles whose high lateral order and degree of

internal hydrogen bonding renders their association with

the remainder of the hydrocellulose particularly

tenuous.

Other observations confirm that this view may

be correct. The removal of the most highly-ordered

particles from the hydrocellulose would result in a

decrease of the average order of the remainder; this is

in faot found to be the case. Ultracentrlfugation shows

(106) that very few particles of substantially lower

dimensions are present in the colloidal solutions. This

indicates that the smaller crystallites fail to peptise;

the presence of such small crystallites in the remaining

hydrccellulose has already been suggested as a con-

latter. Furthermore, it was found in the course of the

present work that while rehydrolysis of the hydroeellulo se

enabled the peptisation to continue as before, the

process /
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process could not "be carried on until all the hydro-

cellulose had peptised; a stage vrs ultimately reached

at which the hydrocellulose formed sols of only very low

concentrations. On the present hypothesis, this stage

would correspond to the removal of all those crystallites

capable of peptisation; the residual hydrocellulose

would consist of less highly-ordered glucose chains of

significantly lower degree of polymerisation.

The purely chemloal investigation of the

colloidal cellulose has also revealed a number of

interesting features. Mineral acid hydrolysis, and sodium

perlodate oxidation, of the colloidal cellulose, follow

the expected courses for chains of 1:4-linked glucose

residues. The persistence of even a trace of xylan,

however, is rather unexpected.

If, as is believed to be the case-, the

sulphuric acid hydrolysis results in the elimination of

the disordered cellulose, it is to be expected that

any residual xylan would also be hydrolysed by the acid,

unless protected by inclusion within the. crystalline

portions themselves. The alternative possibility, namely

that xylose units recur throughout the anhydroglucose

chains, seems improbable in view of the nature of the

small quantities of methylated xylose derivatives

cellulose. Unfortunately, the quantities isolated do not

permit any unequivocal interpretation of their formation.

However, if they did arise from recurrent xylose units

in /
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in the cellulose chains, 2?3-di-O-methyl-D-xylose would

be the main derivative found. That less of this sugar

than of the corresponding tri- and mono-methyl ethers

was isolated at least favours the existence of xylan

chains as opposed to randomly distributed xylose

residues.

The colloidal cellulose proved resistant both

to methylation and to hydrolysis after methylation; the

latter was effected in a sealed Carius»tube at 100PG

with 4/o methanolic hydrogen chloride. The chain-length

indicated by tetramethyl end-group assay, namely 77

glucose residues, corresponds to an absolute length of

395A, assuming the length of one glucose residue to be

5»15A. The IIP measured by the potassium periodate-formic

acid method, 69, is in good agreement with the end-group

assay value, and corresponds to a length of 355X. The

length of the particles therefore appears to be in the

range 330-430A.

The different dimethyl glucose derivatives

recovered probably arise from under-methylation. Though

somewhat more of the 2*6 derivative than of the other

two was found, it is -unlikely that the excess is due

to any preferential methylation at any one position. The

distribution of methoxyl groups in the dimethyl fraction

indicated by the proportions of the three isomers found

la as follows ;—on Op, 37-, on O3, 23^, and on^O^-40^
These figures suggest that the under-met hylation is quite

random, though there may be some degree of steric

hindrance affecting methylation of the secondary hydroxy!

on /
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on C3. There is no reason to believe that any of the

dimethyl isomers arise from inter-chain linkages or

branch points.

The chain-length indicated by end-group assay

and periodate oxidation does not necessarily represent

the average length of the crystalline regions in Esparto

cellulose. The definition alone of such a quantity is

■uncertain, in view of the range of orders present, while

the identification of the colloidal particles with the

original crystallites negelects the effects of hydrolysis

on both the dimensions and order of the crystallites. In

view of the conclusions reached in the previous section

of this discussion, however, it is reasonable to regard

the colloidal particles as being either a) the original

crystallites, extended as a result of the tendency to

recrystallisation, or b) decreased in size through the

action of the sulphuric acid. The relationship to the

parent structure will depend on the relative degrees to

which the crystallite dimensions are affected by the

opposing tendencies to recryst^llisetion and hydrolysis.

l) RECRYSTALLISATION DOMINATING 2) HYDROLYSIS DOMINATING

might be based. It must also be emphasised that each, in

addition to being a gross over-simplification, represents

an extreme view. The competing tendencies to hydrolysis

and /
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and reerystal1isation may well counterbalance one another,

with the result that the colloidal particles are in fact

very similar to the original crystallites.

Whatever the real significance of the

measurement, comparison with the values quoted by R§nby
-

is quite valid, and furthermore demonstrates a difference

in length between the crystallites of Rsparto cellulose

and those of cotton and wood, examination of Ranby's

results (p.25) shows the present figure to be
o

approximately 100A less than that found for wood pulp a-

cellulose, and greater by a similar amount than the value

for mercerised wood cellulose. The same author (122)

later found colloidal particles prepared from cotton
o

cellulose to be about 500A in length; it would appear that

definite differences do exist in the length of colloidal

particles prepared from various sources. There is as yet

insufficient evidence to justify the description of these

figures as a characteristic value for each cellulose

concerned.

Appendices to discussion

1) Order distribution curves

The use of order distribution diagrams for the

accurate characterisation of cellulose fibre structures

has already been mentioned (p.22). The experimental

curves is^twofold,—

involving initially a satisfactory definition of order

and the subsequent measurement of the distribution of the

fibre throughout the order range.

The /
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The fundamental definition of order must be the

total entropy per volume element of the fibre. It is not

easy, however, to select any physically measurable

quantity which is directly and proportionally related to

the entropy. It is doubtful if the definition of order

proposed by Howsmon (90) fulfils this requirement; namely,

degree of order = [0H]a/[0H]y, where [0H]a = actual,
number of hydrogen bonds per volume element of the fibre,

and [0H]y = total possible number of hydrogen bonds per
volume element. In view of the very small number of

hydroxy1 groups not involved in hydrogen bonding, order

distributions based on such a definition of order vrauld

suggest an abnormally high degree of crystallinity.

In the present investigation, five different

series of results have been quoted for the percentage of

amorphous material in each cellulose. These correspond to

1) the accessibility measured by extrapolation from the

1-5 hour portion of the curve (< hydrolysis v. time), 2)

the accessibility measured by extrapolation from the

4-8 hour portion of the curve, 3) the percentage of the

cellulose hydrolysed after seven hours, 4) the per-

centage amorphous cellulose calculated from the Hailwood

and Rorrobin isotherm, and 5) the percentage of

amorphous material calculated from the sorption ratio.

For present purposes, it may be supposed that

resolution of each cellulose into amorphous and
■

crystalline components at five different levels of order.

By considering the order to be described by fractions

from /
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FIGURE 9 - Order distribution curves



 



from 0 to 1, it is possible, by a process of trial and

error, to assign fractional orders to each of the five

order levels corresponding to the above series of

measurements. The fractional orders assigned to the five

levels were respectively 0.2, 0.25, 0.5, 0.6, and 0.7.

These figures were chosen so that, on plotting against

the different figures obtained for the percentage of

amorphous material, they yielded curves which on

differentiation approximated to the type of distribution

curve visualised by Eowsmon (loc. cit.). The graph

obtained in the first instance by plotting ^amorphous

material against order level is the plot of Q, the total

number of volume elements, against order. Hence, the plot

of d^/dO against 0 will show the variation in the number

of elements of orders ranging from 0 to 1.

The distribution diagrams obtained in this way

are shown in figure 9 (p.59). While these curves are

necessarily very approximate, they would be approximately

correct were the order defined in terms of the fractional

orders assigned to each of the five levels of resolution.

As comparable data were available for cotton, the curve

for cotton has beon plotted in the same nay.

The curves show that each of the four

celluloses possesses a fairly high degree of lateral

order, as would be expected from the actual experimental

resultss-

does occur between low and high degrees of order; this ii

particularly noticeable in the case of cotton and Esparto

hydrocellulose. It is evident, however, that the final

shape /
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shape of the curves is very sensitive to the fractional

orders arbitrarily assigned as already described, while

similar trends xvould appear regardless of the values

chosen, the spread of the various maxima and minima

would be significantly adjusted. Distribution curves of

this type are only of comparative value.

ii) Summary and conclusions

1) Colloidal miceliar solutions of Esparto cellulose were

formed by peptisauion of a sulphuric acid hydrocellulose.

The sulphuric acid eliminates the more highly disordered

portions of the fibre, leaving the crystalline portions

virtually intact. The peptisation of the hydrocellulose

is essentially the separation of the larger, more highly

ordered crystallites, from smaller fragments of a lower

degree of order.

2) The number average DP of the colloidally dispersed

cellulose was deteimined by the potassium periodate and

methylation methods of end-group assay. Prom these results,

it is concluded that the length of the particles lies in
O

the range 330-430A, The corresponding figures quoted by
c

Ranby for cotton, wood a-cellulose and mercerised wood

cellulose are respectively 500, 460, and 255A..

3) Traces of methylated D-xylose derivatives were

identified in the hydrolysate of the methylated colloidal

cellulose. These are believed to have originated in frag¬

ments of xylan chains locked within the crystalline

regions of the cellulose structure.

4) Accessibility to Dlckerson's reagent (Pe01^-H01), and
water /
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water sorption data, indicated that the colloidal

cellulose possessed a higher degree of order than the

parent Esparto cellulose. It is thought that the small
.

increase in order found may not "be, in view of surface

effects, an acc\irate reflection of the difference in order

between the Esparto and the colloidal cellulose.

5) By the same methods, the hydrocellulose remaining

after peptisation was found to possess a lower degree of

order than the parent Esparto. It is suggested that this

is due to a combination of two factors; 1) the presence

of small crystallites of insufficient order for the

formation of hydrophobic sols, and ii) the removal from

the hydrocellulose in the fozm of colloidal particles of

the most highly ordered material, thereby depressing the

average order of the remainder.

EXPERIMENTAL

.

/

Extraction of Esparto cellulose, and preparation of the
colloidal cellulose

Esparto grass, dewaxed and decolorised with

bensene and methanol respectively, was milled to a

fibrous powder, and delignified by a modification of

Vise's chlorite procedirre (123,124). The holocellulose so-

obtained was extracted in the _eolcl for 24 hours with

sodium hydroxide (2000 ml., 4%) to remove xylan. The

insoluble cellulosic material was then further extracted
J

with sodium hydroxide (2000 ml., 6%) in an autoclave,

under /
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under a steam pressure of 40-45 Ib./sq.in., for a period

of 24 hours. It was washed with cold water (5000 ml.),

hot water (5000 ml.), and finally with absolute alcohol

(500 ml.).

Preparation Of Sols

The sols were prepared in the manner described

by Ranby (103). The cellulose (30 g.) was first of all

hydrolysed with sulphuric acid (300 ml., 10^) for periods

ranging from 1-8 hours. The resultant non-fibrous hydro-

cellulose was separated at the centrifuge in four portion

each of which was then washed repeatedly with distilled

y/ater (200 ml. per wash). \s a rule, peptisation

commenced at the fourth or fifth washing, when the pH of

the supernatant had risen to between 4 and 5. It

continued until the 10th. ot 11th. washing until a rapid

fall in the concentration of cellulose in the sol took

place.

The concentration of the sol, estimated

visually from the turbidity, appeared to be independent

of the duration of the preliminary hydrolysis, but varied

directly with the gravitational field employed in the

centrifuge. In case of any possible relation with the

dimensions of the peptised particles, this was kept as

constant as possible at 6501 (the field used by Ranby

was 1000G-).

Recovery of peptised particles

s,

The sols were flocculated rapidly by the

addition of electrolyte (sodium chloride, 0.5 g./l.).
The precipitated cellulose was separated at the

centrifuge /
•
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centrifuge, washed twice with distilled water (200 ml.)

to remove the bulk of the sodium chloride (further

washing resulted in repeptisation), and freeze-dried in

the form of a thick paste.

Average concentration of sols, 1.5 to 2 g.

Hydrolysis of the colloidal cellulose

A small portion of the colloidal cellulose was

hydrolysed by the method of Monier-Filliams (6), using

72 ' sulphuric acid at room temperature. Examination of

presence of a trace of xylose. This was not estimated.

Pet em illation of chain-length by the potassium periodate

oxidation method (45)

For comparison purposes, a small quantity of

colloid,al cellulose was prepared from filter paper

cellulose, as described previously. Quantities of the

two celluloses (approximately 0.5 g.) were weighed out

into *Quickfit' flasks. Potassium chloride (5 g.), water

(100 ml.), and sodium meta-periodate solution (25 ml,,

0.22M) were added to each, and a blank reaction mixture

made up in the same ivay. The three flasks were shaken in

the dark, and aliquots withdrawn from time to time (5 ml.)

excess periodate was destroyed by the addition of

ethylene glycol (0.5 ml.), and the formic acid released

estimated by titration with sodium hydroxide (0*0111*

carbonate free).

Weight of colloidal Esparto cellulose, 0.5732 g.

freight of colloidal filter paper cellulose, 0.5203 g.

Results overleaf /

the hyc'rolysate on the paper chromatogram revealed the
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Time in hours Volume of sodium hydroxide equivalent
to fomic acid released (ml.)

Esparto Filter paper

0.5 1.08 0.24
1 6.60 3.69
2 8.14 6.77
5.5 13.18 7.72
8 13.92 9.46

24 11.13 9.82
25 14.86
30 9.57
49 15.10 10.42

Extrapolation of the graph of equivalent sodium hydroxide

against time (figure 2, p.30) gives the following volumes

of sodium hydroxide equivalent to the formic acid

released at complete oxidation.

Esparto, 15.0 ml,
Filter paper, 9,9 ml.

These figures correspond respectively to the liberation

of one mole of formic acid from 23 and 31.3 glucose

residues. Assuming that one mole of formic acid is

released by each non-reducing end-group, and two by each

reducing end-group, the chain-lengths of the two samples

based on these measurements are as follows;

Esparto, 69 glucose residues.
Filter paper, 94 glucose residues.

Oxidation with sodium periodate
'

A series of weights of the colloidal Esparto

cellulose (approximately 100 mg.), to be oxidised for

different periods of time, were weighed out into eight

flasks, and sodium meta-periodate solution (5 ml., 0.22M)
was added to each. The flasks were then shaken in the

dark.

After the appropriate period of time, excess
.

sodium /
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sodium arsenite solution (25 ml., 0.117) was added to each

flask, which was then stood in the dark for fifteen

minutes to allow for the destruction of the excess of

sodium periodate. Sodium bicarbonate (2 g. ) was added

and the unconsuned arsenite estimated by titration with

decinormal iodine solution. In this way, the consumption

of oxidant in each flask was determined, and the

following values obtained for the periodate uptake over

the eight periods of time (see figure 1, p.29).

Duration of oxidation Consumption of oxidant
(iu hours")' "" ~~ (moles per glucose" resiaue)

0.5 0.13
1 0.14
2 0.15
7 0.33

16 0.49
46 0.96

120 1.03
166 1.22

Ivletliyietion of colloidal Esparto cellulose

The colloidal cellulose was methylated with

dimethyl sulphate and alkali, taking rigorous pre¬

cautions throughout to ensure the exclusion of .atmos¬

pheric oxygen (44). All the reagents were carefully

purified and de-gassed before use, including the cellulose

itself.

The latter was placed in a three-necked flask

(5 1.); one neck was sealed, and the other two were attached

The flask was then alternately flooded with nitrogen, and

evacuated, until the cellulose was considered to be

sufficiently de-gassed (after five such operations).

Sodium /
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Sodium hydroxide (375 ml., 40^), de-gassed by bubbling

nitrogen through it for one hour at 100°0, was added, and

the cellulose (10 g.) allowed to steep for four hours,

maintaining a gentle stream of nitrogen into the flask

throughout. Dimethyl sulphate (120 ml.), redistilled

under reduced pressure with a nitrogen leak, was then

added at a rate of 2 ml. per minute, and the mixture

stirred vigorously overnight. Five further methylntions

were carried out in this way.

The reaction mixture was then neutralised with

sulphuric acid (50^); the insoluble partly-methylated

cellulose was separated at the centrifuge, returned to

the flask, and another five methylations were carried out,

adding acetone (150 ml.) on each occasion to assist

dispersion. The mixture was extracted with chloroform,

the extract was taken to dryness (8.5 g., OCH^ = 29.9/0,
and the residue redispersed in acetone. After three more

methylations the acetone was removed, the insoluble

product was separated, and the methylation repeated four

times in dioxan. The dioxan wrs removed under reduced

pressure, and the methylated cellulose filtered off

(5 g., 0CH5 = 42.3<).
The methylation was completed using Purdie's

reagent (110); the methylated cellulose was dissolved in

methyl iodide (190 ml.), silver oxide (90 g.) was added,
and the mixture was refluxed gently on the water-bath

for six hours. The product was recovered from solution,

and the silver residues were extracted with chloroform.

The combined solutions were taken to dryness, and the

methylation /
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methylation repeated with the same quantities. The final

product was fractionated by dissolution in chloroform-

petrol (b.pt. range, 100-120°G) mixtures of increasing

chloroform concentration, giving the fractions listed

below.

Fraction Ratio of petrol Yield Yield Methoxyl
no. to chloroform {%) "(mg.T (%)

1 100 : 0 - (wax)
2 95 : 5
3 90 t 10
4 85 : 15 1.8 56 44.2
5 80 : 20 5.8 179 44.2
6 75 : 25 27.9 846 43.4
7 70 : 30 64.4 1952 42.9
8 65 : 35

Hydrolysis of the methylated colloidal cellulose, fractions

6 and 7.

Fractions 6 and 7 were combined (2.6 g.) and

dissolved in methanolic hydrogen chloride (160 ml., 2%).

After 4 hours reflux no appreciable degree of solution

could be observed; the strength of the acid was increased

to 3%, but a further 8 hours reflux failed to produce any

noticeable change. The mixture was taken to half volume, and

transferred to a Carius' tube, which was then sealed and

heated in the boiling water bath for 24 hours.

The contents of the tube were neutralised by

a slight excess of silver carbonate, the silver salts were

filtered off, and hydrogen sulphide was passed through the

filtrate for 20 minutes. The mixture was again filtered,

and the filtrate was taken to dryness to yield a pale

yellow syrup (2.83 g.).

The syrup was refluxed overnight with

hydrochloric /
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hydrochloric acid (160 ml., 0.5H) to convert the methyl

glycosides to the free sugars, neutralisation was again

effected with silver carbonate, and the solution of free

sugars de-ionised by passing through a column of mixed

resins (fAmberlite*, IRIOO(H) and IR4B(0H)). The eluate

from the column was taken to dryness, and the yellow

syrup so-obtained was dried over phosphorus pentoxide at

20 mm. The dry syrup subsequently crystallised {2.50 g.).

Separation of the free sugars on a cellulose column

Purification of solvents i) Butanol. n-Butanol (1000 ml.)

was refluxed with potassium hydroxide (20 g.) for 6 hours,

and then distilled over.

ii) Petroleum ether (b.pt. range 100-120rt0) . Petroleum

ether (2000 ml.) was shaken vigorously with concentrated

sulphuric acid (250 ml.). The petrol layer was separated

and washed with sodium bicarbonate solution (500 ml., 10^).

The fraction distilling between 105 and 112°0 was

collected.

The cellulose column (100 x 3 cm.) was washed

prior to use with distilled water (1500 ml.), butanol

(500 ml.), and finally with butanol-petrol (30/70,

saturated with water, 500 ml.). The mixture of free sugars

was dissolved in the minimum volume of the butanol-petrol

mixture, adding a few drops of butanol to assist solution;
i

the solution was pipetted dropwrt.se onto the top of the

column, whioh wras then covered with a piece of cotton

wool. The constant level reservoir was filled with the

eluant (v/ater-saturated butanol-petrol, in the above

proportions), /
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proportions), and placed on the top of the column. After

some solvent (approximately 200 ml.) had flowed from the

column, 5 ml. fractions of the eluate were collected in

test-tubes placed on the automatic turn-table (126).

The contents of every tenth tube were taken to

dryness. A drop of methanol was added to dissolve the

residue (if any), and the solution examined on the paper

chromatogram. A sugar travelling with the same speed on

the chromatogram as authentic 2:3:4:6-tetra-0-methyl-D-

glucose was found in tubes 51-130. When the elution of

this fraction was complete, the eluant was changed to

butanol-petrol (50/50, saturated with water). The

development of the column with this solvent was continued

until those fractions with Rq values corresponding to

possible tri- and di-methyl glucoses had been eluted. The

solvent was then changed to butanol (5cK saturated with

water), and finally to water, to accelerate the elution

of monomethyl and free sugars.

After the location of the various fractions,

the contents of the appropriate ranges of tubes were

combined, as were the contents of those tubes collected

between the different fractions. The latter were taken

to dryness, and the dissolved residues examined on the

paper chromatogram. In this way, small quantities of

minor components wore detected, in addition to further

traces erf the main fractions. The fractions found by

this chromatographic procedure, and the possible sugars

to which they correspond, are ennumerated in the

following table.

(overleaf)



71

Fraction Tube Nob. Possible sugar Weight in mg.
1 51-130 2:3:4:6-tetra-0-

methyl-D-glucose 42.3

2 131-170 2:3 s 4-tri-0-methyl-
D-xylose 7.2
monomethyl xylose 8.6

3 171-260 2:3:6-tri-0-raethyl-
D-glucose 1822.9

4 261-410 2:3:6-tri-0-methyl-
D-glucose 3.7
dimethyl glucose trace
dimethyl xylose trace

5 411-450 2;3-di-0-raethyl-
D-glucose 35.6

6 461-610 dimethyl glucoses 193.&

7 611-709 dimethyl glucose trace
monomethyl xylose trace

8 731-890 monomethyl glucose trace

9 water wash D-glucose trace

Examination and characterisation of fractions from the

cellulose column.

Fraction 1

Chromatographic examination indicated the
i

presence of a single sugar of R& value 1.00. The fraction
was obtained, as a syrup which failed to crystallise on

standing. The percentage of tetramethyl reducing hexose

in the syrup was determined by the method of First, Hough
:

and Jones (127).

The syrup (42.3 nig.) was dissolved in water and

made up to 50 ml. in a graduated flask. Aliquots of this

solution (5 ml.) were transferred to 'Quickfit' boiling

tubes, and iodine solution (1 ml., 0.1H) added to each

from an 'Agla' micrometer syringe, followed by phosphate

buffer /
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buffer (2 ml., pH = 11,4)• The tubes were sealed with

stoppers moistened with potassium iodide solution (10^),

and allowed to stand in the dark for six hours. A blank
"

was run concurrently. The stoppers were then washed into

the tubes with distilled water, and the contents of each
.

tube acidified with sulphuric acid (2 ml., 2N). The re-

generated iocine was titrated with standard sodium thio-

sulphate solution.

Thiosulphate titre

Blank
No. 1
No. 2

sulpha'

11.32
9.14
9.24

Iodine Mgs. sugar
consumed oxiaised
(ml. N)

0.0218
0.0208

2.57
2.46

These results indicate that only 6ofo of the syrup has

been oxidised.

Hydrolysis of fraction 1

A snail quantity of the syrup (4 mg.) was

hydrolysed by boiling for 8 hours with hydrochloric acid

(5 ml., 0.5N). The neutralised and de-ionised solution

was examined on the paper chromatogram. Two sugars were

identified with Rq. values corresponding to 2;3:4:6-tetra-
0-met}iyl-D-glucose and 2:3 * 6-tetra-O-metby1-D-glueo se.

The remainder of the fraction was hydrolysed in

the same way, to convert the trimethyl glucoside present

to the free sugar. The solution xvas neutralised, de-

ionised, .and taken to small volume. The components of the

using as mobile phase the upper layer cf a mixture of

bensene (169 volumes), ethanol (49 volumes), and water

(16 volumes). The positions of the two sugars were

ascertained /
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ascertained by spraying ibe side-strips, on which had

been spotted mixtures of authentic 2:3:4:6-tetra-£-methyl-
D-glucose and 2|3:6-tri-0-methyl-I)-glucose. The

appropriate sections of the paper were eluted with

refluxing acetone-water (50/50, v/v). The solutions were

taken to dryness and dried over phosphorus pentoxide at

0.05 mm. for 24 hours. The weights of the two fractions,

after correction for the quantity used in the hypoiodite

oxidation and small-scale hydrolysis, were as followsj-

Praction A, 2:3:4:6-tetra-0-raethyl-D-glucose, 29.1 mg.

fraction B, 2:3:6-tri-£-mothyl-P-gliicose, 16.5 mg.

fraction A crystallised rapidly in circular

arrays of needles.

li.Pt., 89-94°C, undepressed on admixture with an authentic

sample of 2:3:4? 6~tetra-0-:nethyl-D~glucose.

[a]^8 = +100°, *. +80", (c = 0.09, in water).

Preparation of 2:3:4:6-tetra-O-methyl-B-plienyl-D-

glucosylamine.

A quantity of fraction A (9 mg.) was dissolved

in absolute ethane1 (1 ml.) and freshly-distilled aniline

(0.2 ml.) added. The solution was refluxed for three hours,

and placed in the refrigerator for three days. A small

quantity of the aniline derivative separated (2-3 mg.) in

long needles, and was filtered off on sintered glass.

authentic 2:3:4:6-tetra-O-raethyl-E-phenyl-B-gluco sylaiaine.

Tract ion B

Ohromatographic examination, using as mobile

phase /
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phase the upper layer of a mixture of "butanol (4 volumes),

ethanol (1 volume), and water (4 volumes), showed the

presence of one sugar of Rq value 0.83. The R& value of
authentic 2:3:6-tri-0-methyl-I)-glucose on the same

chromatogram was also 0.83.

Fraction 2

Chromatographic examination, using the bensene-

ethanol-water solvent already described, showed two

sugars, of Eg values 0.97 and 0.05 respectively. The R„
Or

values ox 2:3 s 4-tri-0-methyl-D-xylose and 2-mono-o-methyl

D-xylose on the same paper were respectively 0.97 and

0.05. The two sugars were separated on 3MM paper, using
>

the butanol-ethanol-water solvent as mobile phase. After

development of the chromatogram the two components were

eluted from the appropriate portions of the paper.

Component A, 2t3:4-tri-0-methyl-D-xylose, 7.2 mg.

Component B, 2-mono-£-rnethyl-I)-xylose, 8,6 mg.

neither fraction crystallised, though chromatographic

examination indicated that only one sugar was present in
.

each,

Bernethylation of components A and B

Portions of components A and B (5 mg. each)

were treated with hydrogen bromide (48%, 1 ml.) in

sealed tubes at 100°0 for five minutes. The solutions

0

were cooled, diluted l;o 5 ml., and neutralised with—

silver carbonate. The silver salts were filtered off,

and the filtrate was de-ionised and taken to dryness. The

syrups so-obtained were examined on the paper

chromatogram /
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chromatograin, along with authentic samples of xylose,

2-mono-Oymethyl-D-xylos®, and 213-d.i-O-methyl-D-xylose,
The presence of the following sugars was indicated.

Component A, a monomethyl xylose, and xylose.

Component B, xylose.

fraction 3

Chromatography indicated the presence of a

single sugar of R& 0.25 in "bensene-ethano1-water, and
0.82 in butanol-ethanol-water. Comparison with, authentic

2* 3t6-tri-Cornetbyl-D-glucose showed the two sugars to
travel with the same speed in both solvents. The syrup

crystallised almost immediately, giving pure white

crystals, which were recrystallised from dry ether.

M.Pt., 108-113*0.

OCHj = 4-2.4-/1, (Calc'd for C6E903(0CH3)3, 41.970.
[a]D = +85° ^ +63*, (o = 0.25, in water).
Inversion of rotation in methanol!e hydrogen chloride

The sugar (117.6 ng.) was dissolved in dry

methanol (4 ml,), methanolic hydrogen, chloride (2 ml.,

9%) was added, and the solution was made up to 10 ml.

with dry methanol. The rotation of the solution was

observed over 24 hours.
15

Time in hours Fal-p
0 +67.5°
2 -10.2°

—6 -28.4°
9 -34.4°

12 -37.1°
24 -38.3" (Equilibrium).

fraction 4 /
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Fraction 4

Fraction 4 contained two sugars, corresponding

in R& values to 2:3:6-tri-0-methyl-D-glucose, and a di¬
methyl glucose. In addition a very slight trace of a

third sugar, travelling with the same speed as 2:3 di-O-

methyl-D-xylose, was observed. The two main components

were separated on 3MM paper, and eluted from the

appropriate sections.

Component A, Rg = 0.82, 3.7 mg.
Component B, Rq. = 0.50, less than 0.5 mg.

In view of the small quantities involved, no

further attempts at characterisation were made.

Fraction 5

Paper chromatography revealed one sugar of R&
0.53, identical to that of 2;3-di-O-methyl-D-glucose

on the same chromatogram. The syrup failed to

crystallise on standing, but was estimated as the 2:3-

derivative by determination of the formaldehyde

produced from the Cg position on oxidation with sodium
meta-periodate solution (125).

The syrup was dissolved in water (2 ml.), and

added to a phosphate buffer solution (10 ml., 0.6M, pH

= 7.5). Sodium meta-periodate solution (6 ml., 0.1M)

was added, and the mixture was kept in the dark for 10

hours. It was then acidified_with hydrochloric acid

(2 ml., 2B), and sodium arsenite solution (5 ml., 1.2W)

was added. After 20 minutes, sodium acetate-acetic acid

buffer (16 ml., 2U, pH = 4.5) was added to the mixture,

followed /
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followed by a solution of dimedone (160 mg.) in ethanol

(2 ml.). This solution was heated on the boiling water

bath for 15 minutes, and then allox-zed to stand for 2 hours

at room temperature. The formaldehyde-dimedone complex

was filtered off on a tared sintered glass crucible

(porosity 3), dried overnight over phosphorus pentoxide

at 10 mm., and xreighed to constant weight. A blank:

experiment following the foregoing procedure was run

concurrently.

Weight of dimethyl glucose used, 20.4-7 mg.

Weight of formaldehyde-dimedone complex (exp.)25.26 mg.

Weight of complex (blank), 0.53 mg.

Percentage of sugar with free hydroxyl on Og 86<.
The last figure was taken to be a measure of the

percentage of 2:3-di-0-methyl-D-glucose in fraction 5.

The purity of the fraction by hypoiodite oxidation was

71
18

[a]^ = +95% * +60° (c = 0.3» in water)

Fraction 6

Fraction 6 appeared on the chromatogram as an

elongated spot of RG corresponding to a possible mixture
of 2:6 and 3:6-di-0-methyl-D-glucoses (0.46). It failed

to crystallise on standing for four weeks.
,18

[a]D = t72? 9- +55°, (c = 0.15 in water).
[a]i8 = +73? ) > -50°, (e = 0.26, in cold,D methanolic hydrogen

chloride)

Estimation of 2:6-di-0-methyl-P-glucose in fraction 6

The percentage of 2:6-di-£-methyl-D-glucose in
the /



the syrup was determined by the method of Bell (125). The

syrup (25 mg. approx.) was first refluxed with dry

methanolic hydrogen chloride to form the methyl

glucosides of the free sugars present. In the mixture of

isomers so-obtained, only methyl- 2:6-di-0>-methyl-gluco-
pyranoside possesses the a-glycol grouping which is

specifically oxidised by sodium meta-poriodate.

Weight of methyl glucosides formed, = 28.10 mg.

The glucosides were dissolved in water (10 ml.) and

sodium meta-periodate solution (3 ml., 0.22M) was added.

After standing in the dark for six hours, the excess of

periodate was determined by back titration with sodium

arsenite solution (0.05H), after addition of phosphate

buffer (0.6M, pH = 7.5), 5 ml.), and excess of potassium

iodide.

Quantity of periodate consumed, = 0.66 moles per

mole methyl dimethyl glucosides.

This indicates that the fraction contains 66$

2j 6-di-0-methyl-D-glucose. The percentage of the 2:3-

isomer in the mixture was determined by the formaldehyde-

dimedone method already described, giving a value of 2$.

The oxidised solution of sugars was de-ionised

and taken to dryness, and the residue was extracted with

chloroform. The chloroform extract In turn was taken to

dryness, and the syrup so-obtained hydrolysed for 4 hours

with hydrochloric acid (0.5N, 3 ml.). Examination of the

hydrolysate on the paper chromatogram showed a single

sugar /
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sugar, of Rg = 0.45> travelling with the same speed as

3:6-di-O-methyl-D-glucose.

Fraction 7

The two sugars present in trace in fraction 7

were identified on the paper chromatogram, using benzene

ethanol-water as mobile phase.

Component A, monomethyl xylose, Rq. = 0.05,

Component B, dimethyl glucose, RG = 0.09.

Fractions 8 and 9

The components of these two fractions were

obtained only in trace quantities; paper chromatography

indicated Rg values equal to those of a monomethyl
glucose and glucose respectively.

Description of main fractions

The following table summarises the molar per¬

centages of the principal products of the hydrolysis

of fractions 6 and 7 of the methylated colloidal

cellulose.

Fraction Sugar Weight in Molar
mg. percentage

1 2:3:4:6-tetra-0-methyl-D-glucose,
29.1 1.3

3 2:3:6-tri-0>-methyl-D-glucose 1847.1 86.4
5 2:3-di-0-methyl-D-glucose 35.6 2.3

6.3
3.1

6 2s6-di-O-methyl-D-glucose , 1Q, f
3:6-di-T7-methyl-D-glucose J
The chain-length of the colloidal cellulose

based on the quantity of tetramethyl end-group isolated

is /
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is 77 glucose residues.

Determination of the chain-length of fraction 5 of the

methylated colloidal cellulose

i) End-group assay by paper chromatography

Fraction 5 (30 mg.) was hydrolysed with

methanolic hydrogen chloride (1 ml., 5%), heating over¬

night in a sealed tube placed in the boiling water-bath.

The resultant solution of glycosides was taken to small

volume under reduced pressure, and the glycosides were

hydrolysed to the free sugars by boiling for 8 hours

with hydrochloric acid (50 ml., 0.5U). The solution was

neutralised with silver carbonate, filtered, and the

filtrate de-ionised on 'Amberlite' resins IR100 and IR4B.

The syrup obtained on taking the filtrate to

dryness was spotted on the side-strips and centre of the

paper chromatogram, which was then developed in bensene-

ethanol-water. After location on the side-strips, the

components of the hydrolysate were eluted from the

appropriate sections of the chromatogram with boiling

water (5 ml.), contained in boiling tubes. Decinormal

iodine solution (1 ml.) was added to each tube from an

1Agla* micrometer syringe, followed by phosphate buffer

(pH = 11.4, 0.1H, 2 ml.). The boiling tubes \<vere sealed

with stoppers moistened with potassium iodide solution

(10#).
After standing in the dark for 8 hours, the

contents of the tubes were acidified with sulphuric acid

(2 ml., 2N), and the regenerated iodine was titrated with

standard /
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standard sodium thiosulphate.

Sugar Equivalent volume Weight In
of thio sulphate (ml.) mg.

jtetramethyl glucose 0.038 0.28
trimethyl glucose 0.728 5.19

dimethyl glucose 0.056 0.37

The abovo weights correspond to the following molar
■

Ratios of the three sugars; tetramethyl glucose, 1 mole,

trimethyl glucose, 20 moles, and dimethyl glucose, 1.4
;
moles. These values indicates a chain-length of 22-23

glucose residues.

ii) Molecular weight by viscometry

The viscosities of a range of solutions of

fraction 5 were determined in an Ostwald-type viscometer,

which was thermostatted throughout at 20.2 ± 0.1°0. The

solvent used was meta-cresol.

Concentration Time of flow Specific viscosity 7sp/c
(moles/litre) (sec.) ( Vsp)

Solvent 266.0

0.0205 297.7 0.1192 5.813
0.0154 287.8 0.0819 5.321
0.0115 280.2 0.0534 4.641
0.0084 269.8 0.0143 1.701
0.0042 269.3 0.0124 2.953

The intercept of the best straight line through the

points described by the different values of c, the

concentration, and ^sp/e, was calculated by the method

of least squares; the intercept is equal to the limiting

of ^ap/c.
weight was calculated from this value by substitution in

-3
the Staudinger equation, using the value 10 for the

constant iqn.
The /
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The limiting value of Vsp/c obtained was 3.2,

which indicates a molecular weight of 3,200, corres¬

ponding to a n? of 16. This is in reasonable agreement

with the value obtained by tetramethyl end-group assay.

It appears that the average UP of fraction 5 is sub¬

stantially lower than that of the main fractions already

examined.

The oxidation of Esparto celluloses with sodium meta-

periodate

This re-examination of the sodium periodate

uptake of Esparto cellulose was prompted by the

anomalous results obtained in a previous examination of

this question (109). The consumption of oxidant was

studied in the case of 'tmdegraded ' Esparto cellulose,

Esparto hydrocellnlose (remaining after peptisation), and

alkali-extracted Whatman's chromatographic grade

cellulose. In the latter two cases, oxidations were

carried out on series of samples, estimating the

consumption of oxidant in each sample after different

periods of time (of. oxidation of colloidal Esparto

cellulose, p.65).

In the case of Esparto cellulose, a single

reaction mixture was employed. A known weight of the

cellulose (0.2033 g.) was placed in a conical flask, and

sodium periodate solution (50 ml., 0.17M), buffered in

this instance by the addition of acetic acid {10% by

volume) was added. The flask was shaken in the dark,

and a blank was run concurrently. After appropriate

periods /
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periods of time, aliquots (5 ml.) of the oxidation

mixture were withdrawn. Sodium arsenite solution (25 ml.,

0.1N) was added to each aliquot, and fifteen minutes

allowed for the destruction of excess periodate. Sodium

bicarbonate (2 g.) was then added, and the excess of

arsenite was titrated with standard iodine solution. The

uptake of oxidant was then calculated, correcting in eacb

case for the volume of solution withdrawn in previous

aliquots.

Results (see figure 1, p.29)

Esparto Rydiecellulose

$on single mixture) (on series of 100 mg. samples)

Time in Uptake of 10 T Time in Uptake of 10,
hours" (moles/glucose hours (moles/glucose

residue) residue)residue7 residue7

3 0.19 1 0.12
15 0.54 4 0.28
50 0.91 18 0.82
71 0.94 » 23 0.92
95 0.97 41 1.02
119 0.99 70 1.10

139 1.19

Alkali-extracted Vbatman chromatographic grade cellulose

(on series of 100 mg. samples)

Time in hours Uptake of oxidantUp(moles/glucose residue)

1 0.07
4 0.19
16 0.39
19 0.44
28 0.59
30 0.65
41 0.79
65 0.94
76 0.98
168 1.06
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FIGURE 10 - Apparatus for the determination of

accessibilities.
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Accessibility Measurements

Accessibility measurements were made on Esparto

cellulose, Esparto hydrocellulose (after peptisation),

and colloidal Esparto cellulose. Nickerson's ferric
/

chloride - hydrochloric acid reagent (0.6m, 2.4e) was

used, in conjunction with the gravimetric carbon dioxide

assay described by Conrad and Scroggie (129)

Apparatus

The apparatus used was essentially the same as

that described by Conrad and Scroggie (loc. cit.), with

minor modifications in the various absorbents used. To

ensure greater uniformity in the conditions under which

cellulose and glucose were subjected to the oxidative

hydrolysis, however, the two reaction flasks were in¬

corporated in one lay-out, as shorn in figure 10 (p.84).

The two flasks were immersed in the same oil-bath, which

was electrically heated and thermostatically controlled

at 132 ± 0.5°C. A single air-current was employed,

splitting it at the junction Y to sweep through both

reaction flasks. Carbon dioxide was removed from the air

current by bubbling through concentrated sulphuric acid,

followed by potassium hydroxide solution (30^). It was

then passed through the absorption towers Pq_ and A2»
packed with potassium hydroxide pellets, 'Sofnolite'

carbon dioxide absorbent, and calcium chloride, in that

order. The reaction flasks were each fitted with

mercury-sealed stirrers (S) and thermometers (T); a

dropping-fnnnel (C) and a water condenser were fitted to

the inlet necks of both flasks; out-flowing gases also

passed /
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passed through the water condensers shorn on the diagram.

After passing through these condensers, the

gases were further dried with sulphuric acid (bubblers B)

calcium chloride (primarily to prevent contact between

the sulphuric acid and the perchlorate), and anhydrous

magnesium perchlorate (B.D.H.*Anhydrone'), contained in

successive U-tubes.

The gravimetric assay of carbon dioxide was

carried out by weighing the two series of absorption

tubes (HH), the air-current being diverted through the

appropriate limb of the absorption train by means of the

two-way stop-cocks (KK), in conjunction with taps MM. The

assay absorption tubes were all packed with ♦Sofnolite'

(15 g.) and magnesium perchlorate (10 g.).

Equal flow-rates through the parallel series

were ensured by maintaining equal rates of bubbling

through the sulphuric acid bubblers (B), and equal levels

in the sensitive oil manometer Mg. The same rate of flow
in successive operations was governed by working under

the same head in the mercury manometer

Determination of carbon dioxide recovery from sodium

carbonate .

After a mmiber of blank experiments to ensure

the efficiency of the absorbents on the in-flow,

quantitative recovery of carbon dioxide was tested by the

gradual addition of sodium carbonate solution (10 ml«,

1.412N), through the dropping funnels, to the ferric

chloride - hydrochloric acid mixture (150 ml.) contained

in each flask. The temperature was raised to reaction

temperature /
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temperature, and the gases swept through the apparatus

for one hour. The carbon dioxide retained was found by

weighing the appropriate absorption tubes. The error in

carbon dioxide found was approximately £0.4^, as shown in

the following figures. This was regarded as satisfactory.

Volume of sodium carbonate added, = 10 ml.

Theoretical recovery of carbon dioxide, = 0.3016 g.

Experimental recovery;

1st. series 2nd. series

1st. Run 0.3105 g. 0.3104 g.
2nd. Run 0.3100 g. 0.3098 g.

The evolution of carbon dioxide from glucose and cellulose

Each of the three forms of Esparto cellulose

was subjected in turn to the hydrolytic oxidation; on eac

occasion glucose was similarly treated in the other

reaction flask.

The ITickerson reagent (150 ml.) -was added to

each flask, and the oil-bath heated to reaction

temperature (132°C), stirring vigorously throughout.

Samples of cellulose and glucose (1.3 and 1.5 g.

respectively) were added to the flasks in very fragile

glass containers, readily broken by the stirrers, and

thereby serving as a further precaution against super¬

heating. With the air current flowing at a rate of

approximately 2 litres/hour (the flow rate of 10 litres/
hour described by Conrad and Soroggie was found too great

for the quantitative retention of carbon dioxide),

absorption tubes were removed from the two trains at

half-hourly /
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half-hourly intervals for the first three and a half

hours, and thereafter at longer intervals, replacing

those removed with tubes of known weight, and diverting

the air-stream through the other limb of the absorption

train.

construction of % hydrolysis - time curves were obtained.

The carbon dioxide evolution figures are given in the

ensuing tables.

1) Esparto cellulose and glucose

In this way the data necessary for the

Time in
hours

Esparto
moles COp/gl
resldueT"

ucose

Glucose
moles/mole

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.25
5.0
6.0
7.5

0.003
0.008
0.017
0.026
0.037
0.050
0.064
0.093
0.122
0.159
0.213

0.037
0.123
0.216
0.310
0.404
0.502
0.593
0.726
0.858
1.013
1.119

2) Esparto hydrocellulose and glucose

Time ITydrooellulose Glucose

0.5
1.0
1.5
2.0
2.5
3.Q
3.5
4.5
5.5
6.5
7.5

0.002
0.006
0.019
0.032
0.049
0.065
0.084
0.123
0.172
0.225
0.281

0.049
0.137
0.234
0.325
0.416
0.536
0.593
0.769
0.938
1.083
1.173
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3) Colloidal Esparto cellulose and glucose

Time in Colloidal cellulose Glucose
moles COq/glucose unit moles/mole

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.5
5.5
6.5
7.5

0.001
0.007
0.019
0.031
0.043
0.055
0.069
0.096
0.129
0.169
0.210

0.046
0.136
0.238
0.320
0.416
0.519
0.600
0.771
0.940
1.070
1.154

The manipulation of the experimental data in the

foregoing tables has already been outlined in the

summary of the experimental procedure.

Water Sorption Measiirements

obtained using a simple type of McBain-Baker sorption

balance (figure 11, p.90). The cellulose under

investigation is placed in the glass bucket C, stispended

from the glass spring (sensitivity, 14.42 cm./g.). The

system is connected to a high-vacuum pump through the

manometer M and the drying tube D, filled with anhydrous

magnesium perchlorate. A bulb w containing water serves

as the source of water vapour.

apparatus was evacuated for one hour, with tap A closed

and tap B open. Tap A was then opened for 5 minutes to

allow any air dissolved in the water to distil over. The

tap /

Water vapour sorpt ion-desorption data were

Prior to all sorption measurements, the
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i

FIGURE 11 - Water sorption apparatus
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tap was then closed again, and the process repeated. The

extension of the spring after further pumping out was

noted, and the cellulose sample (approximately 0.15 gms.)

placed in the bucket. With tap B open, the apparatus was

again pumped out, for thirty-six hours; the extension of

the spring at the end of this period was taken to

correspond, to the dry weight of the cellulose, and the

manometer levels to denote zero water vapour pressure.

Sorption measurements were then made by

admitting small quantities of water vapour to the

sorption chamber through the tap A. When equilibrium had

been established, indicated by the mercury levels

remaining constant over two successive five-minute

periods, the extension of the spring was noted, the

mercury levels read, and a further quantity of water

vapour introduced. This process was repeated until the

maximum equilibrium pressure had been reached.

Desorption data were obtained by opening tap B

to the pimp for a few seconds, with tap A closed,

allowing the system to reach equilibrium again. The

extension of the spring, and the levels in the manometer^
were noted, and the process repeated bill the spring

had practically reverted to its original extension.

The sorpt ion-desozption curves of the three

celluloses examined by the Pickerson method were

obtained in this way, plotting moisture regain as a

percentage against the relative humidity, which was

calculated by dividing the vapour pressure indicated on

the manometer by the saturation vapour pressure of water

at /
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at the prevailing room t emp eratare. Some accuracy was

undoubtedly lost through the absence of any atmospheric

thermostatic control, but the above method of plotting

counteracts this to some degree. The differences in

sorptive capacity of the three celluloses investigated

were small, but they are greater than the degree of

reproducibility found.

1) Esparto cellulose

Sorption

moisture reg, (%) rel.hum'y (%) m.r.

Desorption

r.h.

2.12
2.89
3.75
4.51
5.19
5.78
6.41
7.00
7.53
8.49
9.21

10.52
11.38
12.46
13.37
14.27
15.57

8.43
14.80
23.81
28.18
37.36
43.66
51.65
56.19
61.39
67.35
70.42
76.63
79.50
83.12
85.23
86.86

15.03 85.23
13.73 82.31
12.55 73.11
11.02 67.92
9.39 59.16
8.40 54.14
6.86 43.42
5.73 31.93
4.33 21.00
2.48 5.75
1.89 4.13

91.03

Continued overleaf /
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2) Colloidal Esparto cellulose

Sorption De sorption

mo 1sttire regain rel.hum'y ra.r. r.h.

0.44 0.23 12.62 82.64
0.53 0.45 12.29 80.89
1.33 2.74 11.52 74.49
1.18 3.01 11.34 71.94
1.95 8.24 9.38 64.25
2.35 10.21 9.69 63.04
2.56 14.14 8.24 54.73
3.04 16.52 7.10 47.97
3.36 21.92 7.21 47.78
3.61 24.97 6.15 39.25
3.93 28.41 5.26 33.32
4.58 33.04 4.84 28.27
4.69 36.96 4.56 24.83
4.99 37.81 3.80 17.35
5.13 42.65 3.23 11.64
6.02 51.76 2.90 8.67
6.08 52.69 1.56 4.21
6.63 57.99 0.76 0.32
7.10 60.60
7.59 64.63
8.63 68.64
8.24 63.71
9.44 73.57
9.53 73.77

10.37 77.82
10.96 79.20
12.36 84.03
12.27 85.51
13.57 83.22
14.64 90.12

3) Esparto hydrocellulose

Sorption

0.91
2.09
2.36
3.50
4.29
4.76
5.47
6.18
6.93
7.72
8.27 65.82
9.27 70.25

10.08 75.04
11.30 81.87
12.45 89.28
14.64 93.30

Desorption

0.78 12.83 81.60
6.48 11.42 73.23
9.18 9.73 64.36

19.77 8.19 56.59
30.31 7.09 49.58
37.53 6.10 38.57
44.78 5.32 32.30
51.31 4.61 23.58
57.79 3.78 15.52
61,89 -2.60— 7.34
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The aorption-desorption curves drawn from

these data are shown in figures 3-5.
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PART II

TFB WATER-SOLIJBLB PR ACT 101; 0./ ESPARTO HPMIflBLIUIQSE

GENERAL INTRODUCTION

In the general classification outlined in Part

1, the term hemicellulose was used to denote those poly¬

saccharides which may be removed from the holoeellulose

by extraction with various strengths of alkali. A further

subdivision into polyuronide hemicelluloses (those

containing uronic acid residues) and cellulosans (those

whose linear macrostructure permits close association with

cellulose in the cell wall) was suggested by Rorraan (1).

In view of the innumerable ways in which polysaccharides

may be built tip from their component monosaccharides,

however, it is doubtful if such broad and arbitrary

classifications serve any real purpose. The problem is

more aptly approached from the opposite direction,

classifying the many polysaccharides now known with

respect to 1) source and function, 2) structure (i.e.,

linear or branched), and 3) the nature and number of the

constituent monosaccharides. The term homoglycan has

been suggested to denote those polysaccharides built up

from one monomer, while those w/hose chains include more

than one monosaccharide have been described as hetero-

glycans.

course of the present discussion; the term hemicellulose

will be used in a general sense to denote all those poly¬

saccharides found in association with cellulose in the

plant /
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plant structure.

Such is the complexity of the hemicellulose

group as a whole that little is known of their function

in the plant, their association with other plant

materials, or their mode of formation. The close

association between cellulose and linear hemicelluloses

of the xylan and mannan type, coupled with the fact that

xylan and mannan are found in the a-cellulose fraction

of certain v/ood pulps, suggests that such linear glyeans

may fulfil a purely structural role. Where the structure

of the hemicellulose is essentially linear, close

alignment of cellulose and hemicellulose is clearly

possible; it would appear that the shorter chains of the

latter act as a foim of cementing material in the cell

wall.

The more highly-branched hemicelluloses, of

which there are many examples, are thought to behave as

reserve carbohydrate material.

Increasing attention is being given to the

nature of the association between cellulose and hemi¬

cellulose, and between hemicellulose and lignin. In the

case of linear hemicelluloses of the type mentioned

above, there will undoubtedly exist powerful secondary

associative forces between the parallel series of

hydroxyl groups in the cellulose and hemicellulose

chains. The existence of a purely covalent 1ink between

the two has yet to be convincingly demonstrated, however.

Two oligosaccharides have recently been isolated, whose

structure points to the existence of such a linkage.

Leech /
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leech (2) has separated a disacchnride, composed of one

glucose and one mannose residue, from the graded hydrolysis

of slash pine a-cellulose, while Das and co-workers (3)

claim to have isolated a glucose--rabinose-xylose tri-

saccharide from jute a-cellulose. Neither structure has

been proved however; it is also possible that each

represents a fragment of a heteroglycan type poly¬

saccharide.

It is not yet known whether the hemicelluloses

represent an intermediate or end-product of the plant

metabolism. It has been suggested that pentosans may be

formed within the plant from the accompanying hexosans,

such as cellulose and galactan, through a preliminary

oxidation of the C- primary hydroxyl group, followed by

decarboxylation of the uronic acid residue so-produced.

CHjOH cellulose ch2oh galactan

r-O o o

o — —o ro —

-co.

ro —o

xylan

Though such a theory appears superficially plausible, a

number of considerations show that the mechanism

involved /
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involved is improbable. First of all, unless the

conversion is extremely rapid, and occurs very uniformly

throughout the chain at one particular period in the

growth of the plant, heteroglycans containing, for

example, glucose, glucuronic acid, and xylose, would be

expected. There is little if any evidence tirt such poly¬

saccharides exist, nor is the relatively low proportion

of glueuronan which frequently accompanies cellulose and

xylan in harmony with such a mode of formation, unless

the second stage of the conversion is very much more

rapid than the first. Finally, most of the naturally

occurring arabans hitherto investigated are built up from

arabofuranose residues, and therefore could not have been

formed from a structurally similar galactan as shown

above. In any case, many galactans contain 1:6 linkages,

which would render the oxidation still more improbable.

It is more reasonable to suppose that the bio-

syntheses of pentosans proceed by mechanisms essentially

similar to those which result in the formation of

hexosan polysaccharides. Since the formation of

co-existing polysaccharides not structurally related in

this way must also be explained, the diversity of poly¬

saccharides found is probably due to the varying

asymmetric conditions under which carbohydrates are

formed in nature.

Though few industrial npplieqtlnns, apart from

the production of furfural from pentosans, have as yet

be' n found for this abundant group of substances, their

importance in the manufacture of p-per has received

increasing /
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Increasing recognition in recent years. A number of

workers have demonstrated a direct relationship between

the proportion of hemicalluloses in paper pulps and the

quality of the pulps, particularly with respect to the

hydration and fibrillation which take place in the

beater (4). The hemicellulose content also exerts

considerable influence on the tensile strength of the

final paper. Conversely, a minimum hemicellulose content

is desirable when cellulose pulps are to be used in the

manufacture of rayon or cellophane (5).

While it is reasonable to suppose that the DP

and other physical properties, rather than chemical

structure and configuration, are the determining factors

in deciding pulp properties, it is interesting to note

that Khinchin (6) ascribes the superior hydrating

qualities of soft-wood pulps (as opposed to hard-wood)

to the mannan content, rather than to the xylan present.

The fact that the greater proportion of the mannan is

found, in the a-cellulose fraction may be partly

responsible for this conclusion. Further evidence of the

importance of the hemicellulose constituents is found in

the work of Jayme (7), who showed that the quality of

wood pulp could actually be improved by redispersing in

alkaline solution the hemicelluloses already extracted

from the pulp.

Hemloelluloses in Esparto grass

Hemicelluloses almost invariably occur in

complex mixtures. The satisfactory resolution of such

mixtures /
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mixtures into their component polysaccharides is one of

the most difficult aspects of hemicellulose research.

Substantial progress has been made in the elucidation of

the structures of those present in Esparto grass, but

many difficult problems remain unsolved.

Chromatographic examination of the hydrolysate

of Esparto holocellulose reveals several monosaccharides.

The identity of four of these has been confirmed (glucose,

galactose, xylose and arabinose); analysis has shorn (8)

that some form of uronic acid, as yet unidentified, is

also present, v.'hile an unknown sugar of R& value equal to
that of rhamnose has been detected in the course of the

present work. of the polysaccharide precursors of these

monosaccharides, those most extensively investigated are

the xylan and araban. Little is known of the galactan

component, and nothing at all of the source of the uronic

acid; nor is it certain that all the glucose originates

in the cellulose fraction.

Esparto xylan

The first suggestion that Esparto grass

contained a homogeneous xylan was made by Irvine and

Hirst (9). Methanolysis of an acetylated Esparto holo¬

cellulose yielded a mixture of methyl glucoside and methyl

xyloside, while alkaline extraction of the holocellulose
'

produced a pentosan -giving only xylose on hydrolysis.

This pentosan was later methylated and hydrolysed (10) to

give predominantly 2:3-di-0-methyl-D-xylose. Ho trimethyl

end-group was detected, and it was proposed that the

pentosan /
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pentosan was mads up of long chains of lj4-1inked xylose;

residues, in a structure generally similar to that of

cellulose. Rotations suggested (3- inter-xylose links, and

the relative stability of the xylan towards acids

indicated pyranose rather than furanose ring forms.

The projected formula received confirmation in

the work of Haworth and Percival (11) on the products of

the acetolysis of methylated xylan. Prom these they

isolated the disacch-ride tetramethyl xylobiose. Oxidation

to the corresponding xylobionic acid was followed by further

methyl >tion to the methyl ester of hexamethyl xylobionic

acid, which on hydrolysis gave 2:3:4-tri-O-methyl-D-

xylopyranose, and 2:3:5-tri-0-methyl-T-D-xylono1actone.

The lactone had previously heen examined by Haworth and

Porter (12), and characterised by oxidation to dimethoxy

succinic acid. Rotations of the disacoharides indicated

p-linkages, while the above series of conversions con¬

firmed the pyranose ring structure. Thus xylan was

linked through 0^ and C4 by p-glycosidic bonds.
Continuing the investigation, Haworth, Hirst

and Oliver (13) detected L-arabofuranose in the

hydrolysate /
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on

hydrolysate of Esparto xylan; the corresponding

derivative isolated on hydrolysis of dimethyl xylan was

2:3:5-tri-O-methyl-L-arahofuranose. .quantitative estimati

of the arabinose component showed the proportion to be

fairly constant throughout the xylans studied (ca. 6J). it

was suggested that the arabinose constituted an integral

part of the xylan molecule, in which it functioned as the

terminal group of a chain of xylose residues containing

18-20 pentose units. The same authors also found a

quantity of a monometbyl xylose derivative (5/0 in the

hydrolysate of methylated xylan, deferring judgment on

its structural significance.

It was later found (14) that the arabofuranose

end-group could be removed by cautious hydrolysis with

oxalic acid (0.2O, leaving the xylan chain virtually

intact. Trimethyl end-group assay of the residual xylan

indicated a chain-length of 18-19 xylose residues. A

monomethyl xylose derivative was again found, and

identified as 2-mono-O-methyl-D-xylose. On the basis of

these observations, the authors suggested that the xylan

molecule was composed of arabinose-terminated xylan

chains, containing 19-20 xylose residues, joined together

by linkages through the reducing end-group of one chain,

and carbon atom 0^ of some intermediate xylose residue in
a neighbouring chain.

Afl:4Xl;4Xlt 4g

Af1: 4X1: 4X1 4X1: 4X1: 4X1:4X
More recently, Chanda, Hirst, Jones and

Percival /
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Percival (8) have examined a homogeneous xylan from

esparto prepared by repeated precipitation as the copper

complex. Methylation and hydrolysis indicated one non-

reducing end-group per 35 t 3 anhydropentose residues,

while the quantity of 2-mono-O-methyl-D-xylose recovered

corresponded to one mole in 23-24. The viscosity HP's of

the methylated and acetylated xylan were respectively

86-90 and 83; osmometry gave a value of 70 for the HP of

the former. Prom these results the above authors con¬

cluded that there was present in Esparto hemicellulose a

xylan of the structure shown below. The position of the

single branch point has not yet been determined.

XI14X1 4X1:4X1....4X1:4X
3

x + y + z = 75+5 X1:4X ...4X1

The function of arabinose in Esparto hemicellulose
"

The laclc of any really positive method of

fractionation has retarded the investigation of the

other components of Esparto hemicellulose. It has been

shorn that L-arabofuranose residues may form the

terminal groups of xylan molecules; the observation by

Chanda et al (8) that these may be eliminated through

successive precipitations of the xylan with Fehling» s

solution suggests the presence of a homogeneous araban

of the pectic type. ^Moody (15), using many different

methods-of extraction and fractionation, was unable to

separate any fraction containing more than 30-35"

arabinose. It was concluded (16) that the existence of

such /
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such an araban is improbable. Methylation and hydrolysis

of an arabinose rich fraction (containing xylose, 12

parts, arabinose, 5 parts, glucose and galactose, 1 part

each) yielded 2:3:5-tri-£-methyl-L-arabofuranose (lpart),
2:3-di-0-methyl-L-arabofuranose (small quantity). 2:3-di-

0-methyl-D-xylose, and 2-mono-O-methyl-D-xylose (3 parts

and 1 part respectively), in addition to smaller

quantities of methylated galactose derivatives.

The preponderance of 2:3:5-tri-0-methyl-L-

arabofuranose and the absence of any monomethyl arabinose

derivative were taken as proof of the absence of any

multi-branched araban of the type found in pectic

materials. It was suggested that the arabinose units were

attached to a main chain of xylose residues, at approxi¬

mately every fourth residue. In view cf the incomplete

methylation of the polysaccharide fraction, no specific

structural significance was ascribed to the small amount

of 2s3-dl-0-methyl arabinose isolated. The structure

proposed for the araboxylan believed to be present is

shown below.
- "

4X114X114X1:4X1:4X1:4X1:4X1:4X1:4X1 x 4X1:4X1:....

I I
Af Af Af

This is very similar to the structure proposed by Perlin

(17) for an arebox.ylan isolated from cereal gum.

Galactan in Esparto hemlcellulose

Very little is known of the structure of this

component. The galactan present in the arabinose-rich

fraction /
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fraction examined by Moody and co-workers (16) gave rise,

on methylation and hydrolysis, to 2:3:4:6-tetra-0-methyl

D-galactose (1 part), 2:4:6-tri-0-methyl D-galactose (2

parts), and 2j 4-di-0_-methyl D-galactose (2 parts).
These may derive from a hetcroglycan or a homoglycan;

there were no indications as to which might be the case.

A possible repeating unit for an independent branched

galactan was suggested, however.

•...3Galpl s 3Galpl : 3Galpl.......
1

Galp

The uronic acid fraction

Neither the identity nor the structural

function of the uronic acid present in Esparto holo-

cellulose has as yet been ascertained. Fhole Esparto

grass contains 3.5^ uronide determined as uronic

anhydride (18); the holocellulose examined by Chanda

contained 3.4^. Esparto cellulose does not contain any

measurable amount (19)» nor did the arabinose-rich

hemicellulose studied by Moody. No positive evidence as

to the source of the uronic acid exists, however.

This is one of the many interesting and

difficult problems in the chemistry of Esparto hemi¬

cellulose which await solution.

INTRODUCTION TO THE FRESEJ-T MORN

Several starting materials are available for

an investigation of the minor components of Esparto

grass./*
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grass. Principal among these are the grass itself, the

holocellulose, and the crude hemicellulose. Rather

surprisingly, glucose forms one of the main constituents

extracted from all of these, even under widely varied

conditions. This glucose may simply represent fragments

of cellulose chains of low degree of polymerisation, but

there may also exist an independent glucan polysaccharide

Polymers of anhydroglucose are very widely

distributed in nature- They are found in almost all land

and marine plants, and are synthesised from suitable

substrates by several different micro-organisms; in

addition, the glycogens are found in the cells of all

animals,

The two most extensively studied are of course

cellulose and starch. In the former, glucose residues are

linked, by 1:4 0-links; in the latter, by l:4a-links.

Cellulose has essentially the same chemical structure

irrespective of source, while all natural starches are

a variable mixture of a linear and a branched glucan,

named respectively amylose and amylopectin. Glycogens

differ from the latter starch component in having shorter

and more frequent branches.

It is only within the last two decades that

other naturally occurring glncans have attracted

structural investigation, and in most cases only

tentative structures can be assigned. They are most

conveniently considered in three groups; i) those of land

origin, ii) those of marine origin, and iii) those of

microbiological origin. A brief description will be

given /
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given of the principal members of each class.

i) Gluoans found in land plants

(in addition to cellulose and starch).

Polysac

Links Approx. Colour

MD.
Ref'ce

present SP with I0

1
— r \

Structure
Polysac Methyl Acetat<

scharide Coni'nl
ether

lichenin 1:4
1:3

0 150 linear none +8° -8° -40° 20
21

Isolichenin 1:3
1:4

a 50 linear green-
blue .

+254* +217" +160° 20
22

Barley
glucan

root 1:6 a 11 linear nono +201" +204° +112° 23

gum iit 0 100 linear - -12° -5* - 24

lichenin and isolichenin are both found in Iceland Moss,

while the former appears to be a homogeneous poly¬

saccharide, the evidence of Meyer and Gurtler (22)

suggests that isolichenin prepcarations may contain a

number of closely related glucan type polysaccharides,

contaminated by mannose and galactose. Ohanda (20) was

able to separate from such a mixture a pure isolichenin

giving only glucose on hydrolysis, having the properties

summarised in the above table.

The presence of 1:4 and 1:3 linkages in both

lichenip and isolichenin has been confiimed by periodate

and methylation studies. It will be observed that the

properties of the barley gum gluoan studied by Aspinali

and Telfer are very similat to those of lichenin. Poly¬

saccharides of this type, containing 1:4 and 1:3 inter-

glucose links, may prove to be more widely

distributed /
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distributed in nature than appears at present to be the

case. This short list of glucans is necessarily far from

complete, since no attempts have been made to characterise

the glucan components found in almost all hemicellulose

preparations.

Glucans in marine plants

links
present

Approx.

Polysaccharide j^5onfi •'Tp
X

Colour
with I0

\
Structure

ial■D-
Ref'ce

Polyene , i ■ et hyl
ether

Acetate

laminarin 1:3 20 linear,
or spiral

none -10' -4* -52° 25

Floridear
starch

1:4
1:3(?)

a 50
(?)

uncertain violet +156' ■*•157° ♦131" 26
27, S t

Glucan from
oscillatoria

1:4 a 26 branched red-
brown

♦188' +195° 2S

laminarin forms the reserve carbohydrate

material of brown algae; there appears to be general

agreement on the structure summarised above. The structure

of Floridean starch, which is found in certain red algae,

is still disputed. A preliminary investigation by Earry

and co-workers (26) showed oxidation with sodium periodate

to be incomplete. The polysaccharide also resisted the

action of (3-amylase; it was suggested that this

behaviour was due to the presence in the molecule of

extraneous linksT possibly between and C^ of contiguous^
glucose residues. The periodate result was later confirmed

by O'Colla (27); hydrolysis of a partly-methylated sample

gave 2:3:4:6-tetra-O^-methyl-D-glucose and 2:3:6-tri-0-
methyl-/
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methyl-D-glucose. No other trimethyl glucose derivative

was found, nor was there any other evidence of extraneous

linkages. More recent periodate oxidation studies by

Barry and co-workers (28) suggest that oxidation with this

reagent is in fact complete.

Glucans and dextrans synthesised by microbiological agents.

Organ

Links Approx

Structure

foJ-n Ref'ce
present & \

ism foonfig'n) Polysac. ethyl Acetate
ether

aspergillus
niger

1:4
1:3

a 330 linear + 283° + 218" +157 0 30

yeast cells 1:3 P 9 branched - +3° -62 O 31

polyporus
betulinus

1:3 ap 19 branched + 210° •f68° - 32

betacoccus
arabonisaceo

1:6
us

a 6 branched +202" + 214° - 33

penicillium
brevi-compac

mm

turn
a - - +304° mm - 34

leuconostoc
mesenteroide

1:6
s Is

a

4,1:3
- - + 210- *

230°
mm - 35

phytomonas
tumefaciens
(crown gall)

1:2 P * mainly
linear

-9« 36

summary of present tqhk

The present study, originally aimed at- the

separation of a hemicellulose fr-ction substantially

enriched with respect to any one of the minor components

(i.e., arabinose, galactose, or urtonic acid), eventually

evolved /
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Starting
material

Pewaxe
milled

n

evolved into a preliminary structural examination of the

glucan component which invariably accompanied the other

constituents. The elimination of this glucan proved the

main obstacle to the separation of an independent

galactan, while it was found extremely difficult to

detect any uronic acids by chromatographic procedures

alone.

Several methods of extraction and fractionation

were explored, using a number of different starting

materials. In each case, hydrolysis revealed vrying

proportions of glucose, galactose, arabinose and xylose,

which were estimated visually on the paper chromatogram.

I t was not found possible to fractionate any such

mixture into individual homogeneous polysaccharides. The

approximate compositions of the extracted fractions are

shown below. (Details of the attempted fractionations are

confined to the experimental section).

Extracting liquid
and temperature

d & water, 80®C
grass

ammonium oxalate
(0.02N) 70°C
dil.HCl 70®C

Holo- water, 80ftC
cellulose

sodium hydroxide
[0.01N) 70 °C

Crude hemi- acetone-water
cellulose (75/25). 20q0

water (S.K.Chanda)

Fhole grass water 65°0
75 °C
60 °C
35 ~C
65°C

Yield (%
by weight

2.5

0.9

0.2

1.9

0.7

0.1

2.0
2.0
0.5
1.4

Composition (parts per
ten parts glucose)

Galactose Arabino se Xylose

1

1

2

2

t

6

4

2

10

4

12

10

3

20

10

1
2
1

16
1

10 40

8 20

4 1
3 1
1 1
6 2
3 1
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I-Iotes - 1) t = trace

2) The last t7/o extractions given in the fore¬

going table denote successive extractions of the same grass,

These figures indicate that aqueous extraction

of untreated Esp rto grass yielded extracts offering the

closest approach to homogeneity with respect to glucose

or galactose} the fractionation of these extracts by

precipitation with acetone or ammonium sulphate gave no

fractions in which the proportion of glucose or galactose

was substantially enhanced. Since the fractions obtained

wore essentially alike in composition, they were re-

combined, and the araban content reduced by hydrolysis with

oxalic acid (0.04N, ref.14). The addition of acetone to

the acid solution gave a flocculent white precipitate,

which was centrifuged off, redissolved in water, de-ionised

on resins, and freeee-dried. In this way, 2 grammes of

polysaccharide material (hereinafter designated poly¬

saccharide G) were obtained (Ash, 2.1^, Equilibrium
18

moisture content, 16.37; [o-lp = +153", in N/10 UaOH).

Preliminary structural studies on polysaccharide G

A small portion of the polysaccharide was

hydrolysed, and the hydrolysate examined on the paper

chromatogram; glucose appeared as the main component,

with smeller quantities of galactose, arabinose and xylose.

These four sugars were estimated by quantitative- paper

chromatography (37), which showed the hydrolysate to be

composed of glucose (17 parts), galactose (1 part),

arabinose (1 part), and xylose (1 part). Determination of
the /



the total reducing power by the Somogyi reagent (38)

indicated that 87- by weight of the polysaccharide was

accounted for as reducing monosaccharide. Measurement of

the reducing power of the polysaccharide itself (8)

indicated the presence of one reducing group per 7

glucose residues.

Oxidation with sodium meta-periodote was

apparently complete after 96 hours, the uptake of oxidant

corresponding to 1.28 moles per glucose residue. *fter

300 hours the oxidation mixture was electrodialysed until

free of inorganic ions, taken to dryness, and the residue

hydrolysed. Paper chromatography showed glucose, galactose

and xylose to be present in approximately equal proportions.

Polysaccharide G stained a light reddish-brown

with dilute iodine solution. Determination of the iodine

uptake (39) showed however, that beyond an initial uptake

due to impurities present, no iodine was bound by the

polysaccharide.

Treatment with acetic anhydride in pyridine and

formamide gave an acetyl derivative containing 43.9'^

acetyl groups. The molecular weight of the acetate,
;

determined by isothermal distillation, was 21351115,

corresponding to a IP of 7.410.4.(Specific rotation of the
1 R

acetate, [a]-D" = +109% in chloroform).
Polysaccharide G was methylated 12 times with

dimethyl sulphate and sodium hydroxide, followed by eight

treatments with silver oxide and methyl iodide at reflux

temperature. The methylated derivative (OOH^ = 39.3') had
rotation [a]p = +89° (in chloroform). It was hydrolysed,
and /
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and the hydrolysate examined on the paper chromatogram.

Spots were observed with R_ values corresponding toIt

2:3:4:6-tetra-£-methyl-D-glucose, a mixture of 2:3:6-
and one other trimethyl glucose derivative, a dimethyl

glucose, and a possible dimethyl galactose. In addition,

trace quantities of two further sugars, believed to be

a monomethyl glucose and glucose itself, were detected.

The main components of the hydrolysate were

separated on a quantitative paper chromatogram, and the

relative proportions of the sugars were estimated by the

alkaline hypoiodite method; they were found to be 1)

2;3:4:6-tetra-0-methyl-D-glucose, 1 mole, 2) trimethyl

glucoses, 2 moles, and 3) dimethyl glucose, 0.6 mole.

Similar fractions were obtained on separation

of the components on a cellulose column.

Fraction 1 2:3:4:6-tetra-0-methyl-D-glucose, 1 mole.

Fraction 2 trimethyl glucoses, 2.4 moles

Fraction 3 dimethyl glucose(s), 0.4 mole.

The DP of the methylated derivative based on these figures

is 3.810.2. Determination of the molecular weight by

isothermal distillation gave a value of 790130,

corresponding to a DP of 4.0*0.2.

Chromatographic examination of fraction 2

revealed two spots of R& values 0.88 and 0.83. The R&
value of authentic 2:3:6-tri-0>-methyl-D-glucose on the
same ctrromatcgrsm was 0.88. Partial separation ef ^the~

two components was accomplished on Vhatraan's 3MM paper.

By eluting the extremes of the figure-of-eight shaped

spot, two small fractions were obtained v/hich travelled

on /
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on the paper chromatogram as well-defined circular spots

of RG values 0.83 and 0.77. The RG of 2s3:6-tri-0-methyl-
P-glucose on the same chromatogram was 0.83. The latter

figure is closely similar to that quoted in the

literature for 2:4:6-tri-0-methyl-D-glucose (0.76).

The change in rotation of fraction 2 in cold

methanolic hydrogen chloride (+70" to +15°) showed the

fraction to contain 53^ 2:3:6-tri-0-methyl-D-glucose

(40). An attempt was made to separate the crystalline

aniline derivative of the 2j4j6-isomer by refluxing an

ethanolic solution of fraction 2 with aniline, ho crystals

separated on standing for six weeks, however. Incipient

crystallisation took place in both fractions separated

on thick paper. The melting point of the believed 2*4:6-

tri-O-methyl-D-glucose was of little value. The R& value,
and the colour of the spot obtained on spraying with

aniline oxalate are a strong indication that it is in

fact the 2:4:6- derivative. Demethylation showed the

absence of any sugar other than glucose.

Fraction 3 also failed to form a crystalline

aniline derivative. Estimation of the formaldehyde

produced on oxidation with sodium meta-periodate solution

indicated that it was not the 2:3-di-£-methyl derivative.
The weight of the fraction did not permit of further

attempts at characterisation.

Qualitative enzymatic hydrolyses of poly¬

saccharide G were carried out with stock soya bean (3-

amylase, salivary a-amylase, and emulsin. In the first

two /
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two cases, appreciable quantities of glucose were

observed on the paper chromatogram (which were not given

by the polysaccharide solution itself), while in the case

of emulsin no reducing sugars were detected. The same

sample of salivary a-amylase was incubated with maltose;

a small quantity of glucose was formed, indicating some

maltase activity in the a-amylase.

DISCUSSION

Most of the polysaccharide fractions examined

in the course of the present investigation were extracted

from Esparto grass, or derived products, with water, or

mildly acidic or alkaline reagents. They are there¬

fore excluded by definition from the hemicellulose group,

and though soluble in water, they are not comparable in

composition with the polysaccharides of the pectic group.

The nature of any polysaccharide extracted from natural

materials such as Esparto grass depends both on the

solubility of the polysaccharides themselves in the

particular solvent used, and on the extent to which the

solvent is able to penetrate the plant structure. In
'

general, solubility in water is characteristic of poly-

saccharfdes^osneBs±ng~e±ther—a—low-moleeul«a?-wei^¥fe—or—[
a high degree of branching in the molecular structure.

It may safely be assumed that water can

penetrate all but the crystalline cellulosic portions of

the /
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the plant tissue, after delignification. whether this is

equally true before delignifioation is a matter for con-
• •

jecture. The relatively high lignin content (ca.20', ref.

8) of Esparto grass confers considerable rigidity on the

grass structure, which may well Impede the penetration of

solvents to a marked degree. The large influence exerted

by the lignin on the composition of the water-soluble

fraction can be seen by comp-ring the proportions of

xylose and arabinose found in those fractions extracted

from the whole grass and from the holocellulose. In the

former case, xylose is only a minor component, while in

the latter it is essentially the major one. The

similarity in composition between the water-soluble

fractions of Esparto holocellulose and hemicellulose may

also be mentioned at this point. It would appear that

largely the same material is extracted in each case.

The significance of these water-soluble poly¬

saccharides cannot be fully assessed from the results of

the present work. They may represent a group of discrete

polysaccharides; on the other hand they may simpler be

low-molecular weight fractions of those hemicellulose

components which are completely extracted from the holo¬

cellulose with alkali. The latter possibility applies

particularly to the xylan and araboxylan components. The

available evidence suggests that the galactose-containing

polysaccharide in Esparto grass is in facrfc water-soluble.

It is almost completely removed from the crude herni-

cellulose by aqueous extraction, while the most fruitful

source of the polysaccharide is the material extracted

from /
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from the whole grans. The glucan component with which this

discussion is specifically concerned will be considered

later.

Precipitation fractionation procedures did not

resolve any of the polysaccharides into fractions

differing greatly in composition from one another. The

fractions obtained probably represented material of

decreasing molecular weight. This is not thought to

indicate the presence of one single complex polysaccharide

containing glucose, galactose, xylose and arabinose, but

rather to illustrate the difficulties inherent in the

separation of such mixtures. It seems probable that it is

only in those cases where differences in chemical con¬

figuration are accompanied by variations in the degree of

branching that molecular weight is not the over-riding

factor in determining solubility characteristics.

In the present instance, the material selected

for preliminary structural work was that extracted with

hot water from the whole grass. This choice was based on

the relatively high proportion of glucose present, though

here again it was found Impossible to increase this by

any method of fractionation.

The use of material extracted in this way has

several disadvantages. The extracted polysaccharides are

heavi^ contaminated by soluble lignin and ash
#

successive precipitations with acetone, or by treatment of

the aqueous polysaccharide solution with chlorine gas.

Though the latter method was found more efficient, it was

not /
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not employed in treatment of the material to be used for

structural work, in view of the danger of oxidative

damage to the polysaccharides.

Acetone precipitation also decreases the ash

content of the material, in this case from 32"^ to 8

"Rven with the subsequent use of ion exchange resins,

however, it was not found possible to eliminate the

inorganic contaminants completely. The final figure

obtained was 2.1^.

The oxalic acid hydrolysis, performed on the

boiling water-bath for 5 hours, failed to remove all the

araban present. If inefficient in this respect, it can

at least be assumed that the more resistant inter-glucose

links escaped hydrolysis.

The final product on which structural studies

were carried out gave 87^ of the theoretical yield of

reducing sugars. The remainder, not accounted for as

reducing sugar, is probably partly inorganic, and partly

non-carbohydrate material such as lignin. The proportion

of glucose in the reducing sugars was 85'^. It can safely

be assumed that the polysaccharide mixture contains some

form of glucan; in addition it may also contain xylan,

galactan, araboxylan, and galactoaraban. In these

circumstances, the figure of 85- for the glucose can be

considered satisfactory for present purposes. It is at

least sufficiently high for the properties_of the

mixture to be considered to reflect to a large degree the

properties of the gluoan itself.

j

It has already been pointed out that this

glucan /
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glucan may be cellulosic in character, or alternatively

may be of a different type altogether. The first

indication that the latter view may be correct is found

in the high positive rotation of the polysaccharide

(+153°) which points to at least a preponderance of a-

linkages. This is substantiated by the inertness of poly¬

saccharide G to emulsin. (The behaviour of polysaccharide

G with glucosidase enzymes will be considered later).

The molecular weight of the acetylated poly¬

saccharide corresponds to a DP of 7.4±0.4. This is in

excellent agreement with the chain-length of 7 obtained

by measurement of the reducing power of the polysaccharide

with alkaline hypoiodite. The specific rotation (■*■109°)

of the acetate offers further confirmation of the ex-

configuration tentatively assigned to the polysaccharide.

Though somewhat lower than that of polysaccharide G

itself, comparison with the specific rotations of those

glucans and their acetyl derivatives already quoted shows

that a variable fall in rotation invariably accompanies

acetylation.

The relative proportions of tetra- and tri-

methyl glucoses recovered on hydrolysis of the methylated

glucan suggest either that the polysaccharide
.

has a highly branched structure, or that degradation has

taken place in the course of the methylation. The

incidence of degradation was confirmed by measurement of

the molecular weight of the methylated derivative by

isothermal distillation; therefore significance can only

be attached to the nature, and not to the quantity, of the

different /

\
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different methylated sugars which were identified. The

correspondence between the molecular weights of the

methylated glucan as measured by isothermal distillation

and tetramethyl end-group assay, however, indicates that

the methylated polysaccharide (at least) possesses a

structure which is largely unbranched. The dimethyl

glucose, or glucoses, isolated probably arises from

under-methylation or demethylation during hydrolysis.

The trimethyl glucoe fraction contained

approximately equal proportions of 2:3:6-tri-0-methyl-D-

glucose and one other trimethyl glucose. Chromatographic

evidence suggests that the second trimethyl sugar is

2:4:6-tri-0-methyl-D-glueose; no other proof of this

was obtained, and the identification of this sugar must

be accepted with reserve. If it is assumed that it is in

fact the 2:4:6- derivative, then this indicates that the

glucose residues in polysaccharide G are linked by

approximately equal numbers of 1:4 and 1:3 linkages,

assuming that neither of the two trimethyl sugars isolated

is a reversion product. Such a polysaccharide would not

be completely oxidised by sodium meta-periodate,

however, as appears to be the case in this instance. The

consumption of 1.28 moles per glucose residue indicates

that the links are predominantly or exclusively of the

1:4 type.

Periodate oxidation is however much more

sensitive to impurities present than is the methylation

procedure. Since 13/' by weight of the polysaccharide is
not accounted for as reducing sugar, it is possible that

some /
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some of the impurities present may also he consuming

oxidant. A similar effect was observed by Moody (15)

in his examination of the periodate uptake of an impure

aratoxylan. The present figure (1.28) is substantially

greater than the theoretical uptake of a l;4-linked

glucan, even when allowance is made for the 2 moles

consumed by the reducing end-group; in view of this, it

is felt that the present result must be regarded as

suspicious until a more highly purified preparation has

been examined. The fact that hydrolysis of the oxidised

polysaccharide gave approximately equal quarrtities of

glucose, xylose and galactose, indicates that some at

least of the original glucose residues resist oxidation

by the periodate ion.

On the evidence hitherto discuseed therefore,

it appears that polysaccharide G is an essentially un-

branched glucan in which 7-8 glucose residues are linked

by both 1:4 and 1:3 linkages. The specific rotations of

the original polysaccharide, and of its acetylated and

methylated derivatives, in addition to its inertness to
I

emulsin, are a very stromg indication that the linkages

possess the a-configuration.

rhile the behaviour of the polysaccharide with

emulsin can readily be explained, the reverse is the case

with the amylolytic enzymes. The ^-amylases normally

convert linear 1*4 u-linked polysaccharides of_the

amylose type to maltose, by a quantitative step-wise

hydrolysis initiated at the non-reducing end of the

molecule (42). Further, while maltotetraose is attacked

by /
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by this group of enzymes, to give two moles of maltose,

maltotriose apparently is not (43). Consequently,

glucose is not formed as an end-product of p-amylolysis;

its formation from polysaccharide G must be diie to some

factor in the enzyme preparation other than the 0-amylase

itself. Two possible explanations can be suggested. The

first of these is that the enzyme used contained maltase.

However, the stock soya bean (3-amylase solution used had

been proved free from a-amylase and maltase. Amylase

preparations of this type are known to contain a |3-

glucosidase factor ("Z" enzyme, ref., 44), which could

give rise to glucose if the polysaccharide substrate

contained successive ^-linkages. Though this was

considered possible in the present instance, it is almost

certain that the same linkages would be hydrolysed by

emulsin, again giving glucose. This is not the case, nor

can any satisfactory explanation be offered from the

available data for the production of glucose from poly¬

saccharide G.

A sample of salivary a-amylase also produced

glucose from polysaccharide G. In this case, there was a

small amount of raaltase activity in the enzyme preparatio

Insufficient polysaccharide was available for the glucose

conversion to be estimated quantitatively; it is felt

however, that the slight maltase activity observed could

not explain the relatively large quantity of glucose

formed, particularly since no trace of maltose coifLd be

observed on the paper chromatogram. It must be stressed

that the polysaccharide solution used for the enzymatic

hydrolyses /
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hydrolyses contained no detectable traces of glucose,

when heavily spotted on the paper chromatogram.

Though the formation of glucose by both

amylases cannot be explained, tvro conclusions can be

dram from the action of the three enzymes used. Firstly,

there are almost certainly no 0-1inkages in the glucan

chain. In view of the low HP of the polysaccharide, the

rupture of any such linkage would almost certainly result

in the foimation of reducing oligosaccharides visible on

the paper chromatogram. Secondly, if the linkages are all

a, there cannot at any point in the chain be more than

three successive 1:4 inter-glucose links, since such an

arrangement would be hydrolysed to maltose by the amylase

ensymes. The latter conclusion is substantiated by the

failure of the polysaccharide to take up iodine, though

the short chain-length of the glucan is a further con¬

tributory factor in this respect.

It would appear that the molecular structure

of the glucan component of polysaccharide G can be depict

by various permutations of the possible repeating units

shown below. Further examination, particularly of the

products of partial hydrolysis, is required before any

definitive picture of the entire polysaccharide structure

can be presented.

... 4G1 - 3Gi • • • • • • • 4G1 - 4G1 2: 3G1 2: 3G1 — • • • •

ed

I II

...4G1 ft 4G1 » 4G1 ft 3G1 ft 3G1 ft 3G1....
Ill

All /
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All three of the repeating units shown would give rise to

two different disaccharides, namely maltose and nigerose

(30), on partial hydrolysis. Consequently, characterisation
of higher oligosaccharides would he required to give any

accurate picture of the structure.

ch-oh ch2oh CH2OH ch2oh

oh o! oh

Maltose Nigerose

Two reservations must be borne in mind when

considering the evidence of the present work. First of

all, the mode of extraction of the polysaccharide

fraction used cannot be considered completely efficient

in abstracting all of such a glucan from the Esparto

grass. The very strong texture of the grass almost

certainly restricts solution to some degree, although

the plant tissue is swollen to some extent in the coxirse

of prolonged aqueous extraction. The proportion of the

glucan not extracted is possibly of higher molecular

weight, though this is not necessarily true; as has

already been pointed out, solution is affected by both

polysaccharide and plant structure.

Secondly, the polysaccharide fraction was

subjected to a preliminary hydrolysis to reduce the

proportion of araban present. Though the conditions of

this /
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this hydrolysis were very mild, there is some possibility

that the glucan itself underwent modification. In view of

both these reservations, present estimates of chain-

length may be somewhat low.

Despite the limitations imposed by the above

considerations, it may be concluded that there is present

in Esparto grass another glucose polymer in addition to

the cellulose which forms 50-60$ of the plant structure.

In view of the a-configuration of this glucan, and its

apparently low molecular weight, it seems improbable that

it should serve any structural purpose in the plant; it

is more probably yet another reserve carbohydrate.

Summary of Conclusions

1) The water-soluble polysaccharides in Esparto grass

contain glucose, galactose, arabinose and xylose as

building units. It was not found possible to resolve

such mixtures into a number of homogeneous polysaccharide!

F- ilure to do so was attributed to the dominant influence

of molecular weight in determining solubility charaeterisl

2) A glucose-rich water-soluble fraction can be extracted

from the whole-grass itself. After reduction in the

araban content of this fraction by mild hydrolysis,

glucose was found to constitute 85$ of the reducing sugar;

present. The total content of reducing sugars accounted

for 87$ of the weight of the polysaccharide fraction.

•wo

•m

in

3) The HP of the glucan is 7-8, measured by isothermal
•

distillation of the acetyl derivative, and by alkaline

hypoiodite oxidation of the polysaccharide itself.

4) /
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4) The methylation procedure indicates the presence of

approximately equal numbers of 1:4 and 1:3 inter-glucose

links.

5) The specific rotations of the polysaccharide, and of

its acetylated and methylated derivatives, and the

inertness of the polysaccharide to emulsin, point to the

presence of a-links.

6) On the above evidence, the glucan component of the

I'/ater-soluble polysaccharides of Esparto grass appears

to be alinear polymer of glucose residues linked by al:3

and al:4 inter-glucose links, having a IIP of 7-8.

EXPERIMENT A L

Section 1, Extractionand Fractionation Procedures.

a) Esparto grass (dewaxed and milled)

The fibrous powder obtained on milling dewaxed

Esparto grass (60 g.) was successively extracted v/ith

water (2 1., 80 C), ammonium oxalate solution (2 1., 0.02N)

and hydrochloric acid (21., 0.51T)* In each case a portion

of the extracted solution was taken to small volume under

reduced pressure, and the final solution freeze-dried.

Hydrolysis of these, and succeeding extracts,

was carried out in one of two ways. In both oases, the

hydrolysis was effected in sealed tubes heated on the

boiling water bath. The first method employed sulphuric

acid /
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acid (1-3 mis., 21), followed by neutralisation with

barium carbonate. The barium salts were filtered off, and

the filtrate de-ionised on 'Amberlite'resins IRIOO(H) and

IR4B(0H). The filtrate was then taken to dryness under

reduced pressure. The contents of the syrup so-obtained

were examined on the paper chromatogram, using as mobile

phase the upper layer of a mixture of benzene (1 part),

butanol ( 5 parts), pyridine (3 parts), and water (3 parts).

The developed chromatograms were sprayed with aniline

oxalate solution (aq., sat*d.), and the relative

proportions of the sugars present estimated visually by

comparison of the sizes and intensities of the different

spots.

The second method of hydrolysis employed

hydrochloric acid (1-3 mis., II) instead of sulphuric

acid. It was found unnecessary in this case to neutralise

the acid solution, which was spotted directly on the

paper chromatogram. The chromatogram was then developed

in the manner described above.

In this particular case, portions of the

three extracts were hydrolysed with sulphuric acid; the

compositions of the hydrolysates were estimated to be

as shown below.

Extract $ by weight proportions of sugars present
"

Of grass Parts per 10 parts glucose
Galactose Arabinose xylose

Aqueous 2,5% 1 6 12
Oxalate 0.9$ 1 4 10
Hydrochloric 0.2$ 2 2 3
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Attempted fractionation of oxalate extract

1) By acetone precipitation

Acetone was added to the oxalate polysaccharide

solution, and the material precipitated at acetone

concentrations of 60, 70, 80, and 90?? (by volume) removed

at the centrifuge. Samples of the four fractions were

then hydrolysed with sulphuric acid

Acetone concentration Proportions of sugars in hydrolysates
oT ppt"* d material (Ft s/lQ~bt s .glucose)

Galactose Arabinose lyxo s e

60?? 1 5 10
70# 16 8
80# 16 8
90% 297

ii) By dissolution in acetone-water mixtures

The oxalate extract was freeze-dried to a white

powder composed of ammonium oxalate and the extracted

polysaccharides. This powder was then extracted with

acetone-waoer mixtures of decreasing acetone concentration.

The extracts were freeze-dried, hydrolysed, end the

dissolved oxalate determined by titration with standard

potassium permanganate solution. The compositions of the

throe polysaccharide mixtures obtained in this way are

shown in the accompanying table.

Concentration of ^Oxalate Relative proportions of sugars
acetone in mixture ' (by wfc.) (parts per 10 parts glucose)

"

Galactose Arabinose Tylose

100# 28# 2 2 4
85# 78# 2 3 7
70# 94# 1 3 6

b) Esparto /
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b) Esparto holocellulose

Milled Esparto grass was first delignified by

the method of Whistler, Bachrach and Bownan (45). The

grass, in batches of 111 ems. was suspended In water

(3 litres), warmed to 40"0, and glacial acetic acid (100

mis.) added. Sodium chlorite (96 gms.) was then added at

fifteen minute intervals in 12 g. portions, stirring the

mixture over a period of 2.5 hours. The holocellulose so-

obtained was washed with hot water (5 1.), cold water

(5 1.), and finally with acetone (2 1.).

The holocellulose was extracted with water

at 80°0 for 24 hours, and the polysaccharide constituents

of the extract precipitated with acetone added to

successive concentrations of 50, 70 and 90^. The solution

remaining after separation of the three precipitates was

taken to dryness, giving a fourth fraction, terned residue

in the table below. The four fractions were hydrolysed

with sulphuric acid in the usual way.

Acetone Ash (as $ by Relative sugar content
"cone' n~' "sulphate wt. (pts. per 10~pts~ glucose)

Oaladto'se Arabino se 3tylose

50- 5.2$ 0.3$ 1 3 5
70$ 11.6% 0.6% 1 4 10
90% 13.8% 0.4% 3 50 100
Residue 22.1$ 0.6$ 0 180 10

(The residual dissolved material was also spotted on the

chromatogram prior to hydrolysis, and found to contain
a considerable quantity of free arabinose).

Extraction of the holocellulose exbract with Fehling's solution

The material precipitated by 70$ acetone from

the holocellulose extract was freeze-dried, and the
resultant /



resultant powder (1 g.) was shaken in the cold under

nitrogen for 24 hours with Fehling's solution (160 ml.).

The mixture was centrifuged, and the centrifugate

dialysed against tap-water for 7 days. Acetone (70!?) was

added, and the precipitated polysaccharides were filtered

off on sintered glass. Comparison of the hydrolysates of

dissolved and undissolved materials showed the usual four

sugars to be present in the proportions given below.

Material 'by i'/eight Ash Part 3 sugar per 10 parts glucose
of original
fraction Galactose Arabinose Xylose

Soluble 20$ 24.1$ 3 22 30
Insoluble 70$ 11.1$ t 13 7

Extraction of holocellulose with sodium hydroxide

The holocellulose was extracted overnight with

sodium hydroxide (0.01N), and the extract neutralised

with glacial acetic acid. After reduction in volume, the

extracted polysaccharides were precipitated from solution

with acetone; they were then hydrolysed with sulphuric

acid *

Acetone $ by weight of Relative sugar content
cone* n holocellulose Galactose Arabinose Tyloses

(parts per 10 parts glucose)

25$ 0.3$ t 2 2
50$ 0.6$ t 5 18

c) Crude hemlcellulosa —

The crude hemicellulose, extracted from Esparto

grass as described by Chanda et al. (8) was allowed to

stand in acetone-water (75/25) for four weeks. The

extract /
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extract was taken to dryness and hydrolysed; it was found
V '•

to contain glucose (7 parts), galactose (1 part), xylose

(27 parts), and arabinose, (8 parts).

Fractionation of crude hemlcellulose

Recent work by Preece and Mackenzie (46)

demonstrated the possibility of fractionating a mixture

of soluble polysaccharides by the addition of increasing

quantities of ammonium sulphate. The components of the

polysaccharide mixture resolved by the above authors are

similar to those in the mixtures extracted from Esparto;

it was hoped that the same procedure would prove capable

of separating these.

Orude Esparto hemicellulose (5 g.) was dissolved

in water (4 1.) by bubbling nitrogen through the

suspension at 50 °C until a stable colloid had been foiraed.

Ammonium sulphate was added to this colloidal solution

to concentrations ranging from 20% to 60 r. After each

addition of salt the precipitated polysaccharides were

separated at the centrifuge, hydrolysed, and the

hydrolysate examined on the paper chromatogram.

Salt conc'n Weight of ppt'd Relative sugar content
material (parts/io pares glucose)

(%) (g.) Galactose Arabinose Xylose

20 0.08 0 10 80
30 3.36 0 10 30
40 0.29 0 5 20
50
£Zf\—

0.15
—A 17—

0
A

7
1 o

3
1 nou

In solution
v#XT U—

1
JLv

5
-—111

10

d) Water-soluble polysaccharide from Esparto hemicellulose

This /
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This material was separated from crude Esparto

xylan by Dr. S.K.Ohanda in the course of the preparation

of arabinose-free xylan. The polysaccharide proved to be

a typical mixture, giving on hydrolysis glucose (10 parts),

galactose (1 part), arabinose (8 parts), and xylose (20

parts). An attempt was made to fractionate this mixture

by the ammonium sulphate procedure described above. The

four fractions obtained were contaminated by ammonium

sulphate; the estimated proportions of the four sugars in

each are shown below.

Sa.lt conc'n Weight of ppt*d Relative sugar content
material (pts./lo pts. glucose)

{%) (g.) Galactose Arabinose xylose

35 0.13 3 10 27
40 3.70 1 8 14
50 1.31 t 10 20
60 0.10 2 7 16

e) Aqueous extraction of whole Esparto grass

A number of extractions were carried out on

Esparto grass which had not been previously treated in

any way. All these extractions were performed without

stirring, at different temperatures, and over different

periods of time. In each case, considerable quantities of

soluble lignin were also extracted from the grass, shown

by the dark brown colour quickly acquired by the solution.

After extraction and decantation, acetone (70^) was

added to the solutions, and the precipitated material

separated at the centrifuge. Portions of the precipitates

were hydrolysed with hydrochloric acid, and the proportions

of the different sugcars present estimated visually.

(See overleaf)
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% by weight I?el. 3ugar content
■■1 ■>'■■ — ■■■!»' —*' IIW Iif""" 14 'Mi ■ .1 ■■■■III.. IWIIIWII .1,11

of grass (per 10 pts. glucose)
{%) Galactose Arabinose Xylose

2.0 14 1
2.0 2 3 1
0.5 111
1.4 16 6 2

13 1

The polysaccharides extracted in this way

offered the closest approach to homogeneity of any of the

extraction methods investigated. An attempt was made to

fractionate the material extracted at 75 °C by the

(ammonium sulphate method. ITo precipitation occurred until
the salt concentration had reached 50<. Two fractions

were collected and examined, as summarised in the table

below

Salt conc'n Weight (from Relative sugar content
1 g. material (parts/10 parts glucose)

CO (6.7 Galactose Arnbinose Xylose

50 0.42 2 2 2
60 0.16 3 2 2

A further quantity of the same material (10 g.)

was added to water (1 litre), and the mixture was warmed

to 40flC to promote solution. Some of the extract failed

to redissolve; this was filtered off. Acetone was added

to the filtrate in quantities corresponding to

concentrations of 40, 50, and 60$, and the precipitates

formed: in each nan* nf-f nn _fljTvfcATfld gtaflfl.

The three fractions so-obtained, and the material which

had failed to dissolve, were hydrolysed with hydroohlorie

acid, and the relative quantities of the four sugars

present /

Temperature Duration
of oxtr'n * "

(*0) (days)

65 10
75 7
60 3
35 7
553 same grass 4
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present estimated from the paper chromatogram.

Acetone eonc'n Weight of Relative sugar content
ppt. (parts/10 part3 glucose)

{<) (gTT Galactose Arabinose Xylose

40 1.4 3 2 2
50 0.9 111
60 0.8 2 1 1

Insoluble 3.0 1 1 1

Hydrolysis of araban (14)

The same material (15 g.) was hydrolysed with

dilute oxalic acid (1 litre, 0.04B) for 5 hours, on the

boiling water bath. The final mixture was filtered through

sintered glass, and the insoluble residue washed with

acetone-water (70/30) until free of acid. After cooling to

room temperature acetone was added to the filtrate (70 '),

and the precipitated material separated at the centrifuge.

Portions of both soluble and insoluble fractions were then

hydrolysed, and the hydrolysates examined on the paper

chrornato gram.

Fraction Weight Ash Relative sugar content
* - — -

(„tq /iQ p-frSt glueose)"
(g.) (#) Galactose Arabinose Xylose

Soluble 2.1 51# 10 t t
Insoluble 3.3 72% 3 2 1

Purification of water-soluble polysaccharides

In view of the high rsh contents being en¬

countered, and the es ential similarity of the fractions
so fax derived from this particular extract, the fractions

were recombined, and purified by precipitating four times
with acetone (60^). The fractions were combined in two

groups; /
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groups; i) the material which had been treated with
oxalic acid, and ii) that which had not been so-treated.

The acid-treated fraction

Pour precipitations with acetone reduced the

ash content (as sulphate) to 7.9^. The polysaccharide was

redissolved in water, and passed several times through a

column of mixed resins (,Amberlite' IR120(H) and IR4B(0H)).

After dc-ionisation, the solution was taken to small

volume under reduced pressure, and frcese-dried, giving

2 grammes of a white powder. This material was designated

polysaccharide G, and used as the starting material for

structural studies.

Experimental, section 2

The polysaccharide G

The polysaccharide rapidly absorbed moisture,

reachiiig an equilibrium moisture content of 16.3#. The

ash content, measured as sulphate, was 2.1#. It was

freely soluble in water and sodium hydroxide.

Specific rotation

[a]y8 a +153", (conc'n = 0.66, in R/10 HaOE)

Determination of the relative proportions of component

monosaccharides

A small quantity of the polysaccharide (10-15

mg.) was placed in a sealed tube with hydrochloric acid

(0.75 ml., 2D). The tube was heated on the boiling water

bath for 2 hours. After cooling, a portion of the solution

was /
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was spotted on the centre and sides of a strip of

Whatman's No.l filter paper, and the chromatogram

developed using as motile ph-se the upper layer of a

mixture of benzene (1 volume), butanol (5 volumes),

pyridine (3 volumes), and water (3 volumes). The

positions of the four sugars (glucose, galactose, xylose

and arabinose) were located by spraying the side-strips,

and the appropriate pieces of paper were cut from the

centre portion.

The sugars were eluted from the paper by

refluxing with water (5 ml.) contained in boiling tubes.

A blank was run concurrently, using a strip of p->per

cut from another piece of filter paper hung from the

same trough.

Somogyi reagent (5 ml., ref. 38) was then added

to each tube, and the tubes placed in boiling water for

30 minutes. They were then cooled; sulphuric acid (2 ml.,

2N), followed by potassium iodide solution (2 ml., 10$),
was added, and the liberated iodine was titrated with

standard sodium thiosulphate solution. The weight of

sugar was then calculated using the appropriate 'Somogyi

factor'.

Sugar Somogyi factor Equivalent Weight of
vol. of thio. sugar

(Ml«) (ml.)
Galactose 0.162 0.15 0.024
Glucose 0.129 3.10 0.400
Xylose 0.128 0.13 0.017
Arabinose 0.145 0.19 0.024

The molar percentage of each sugar present,

based on a total of 100$, is as follows •- galactose, 5$^

glucose, /
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glucose, 84$, xylose, 4$, and arabinose, 7$»

Measurement of the reducing value of the hydrolys^te

A further quantity of polysaccharide G was

placed in a tube, hydrochloric acid (1 ml., 1.5ft) was

added, and the tube was sealed. It was then heated on

the boiling water bath for three hours. The contents of

the tube were transferred quantitatively to a graduated

flask (50 ml.); an equal volume of hydrochloric acid was

added to another graduated flask, and phenolphthalein

was added to each. The contents of both flasks were then

neutralised with sodium hydroxide, added from a burette,

and the volumes were made up to 50 ml.

Aliquots (5 ml.) of the blank and experimental

solutions were transferred to boiling tubes, and the

reducing value of the experimental solution determined

using the Somogyi reagent, as described in the previous

determination.

Weight of polysaccharide (moisture-free),

Equivalent volume of thlosulphate,

Somogyi factor for mixture of composition

as determined previously,

height of reducing monosaccharides,

Equivalent weight of polysaccharide

(11$ pentosan, 89 * hexosan),

Percentage dry weight of polysaccharide G

accounted for as reducing sugar (glucose,

galactose, xylose and arabinose) 87.4$
mmmmmmmmmmmm

Uptake /

11.04 mg.

8.08 ml.

0.133

10.75 mg.

9.66 mg.
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Uptake of sodium meta-periodate by polysaccharide G-

The polysaccharide (0.1494 g.) was 'weighed out

into a conical flask, and sodium meta-periodate solution

(50 ml., 0.23M) was added. The flask, along with a blank

similarly made up, was stood in the dark, and aliquots

withdrawn from each from time to time. Sodium arsenite

(25 ml., O.IK) was added to each aliquot (2 ml.), and

15 minutes allowed for the destruction of unconsumed

oxidant. Sodium bicarbonate (2 g.) was added, and the

excess arsenite was titrated with standard iodine

solution. The uptake of periodate was calculated on the

basis of an average monomeric weight of 159.

Time (hours) Uptalee (moles per
monosaccharide' unit

4 0.78
10 1.24
24 1.25
48 1.25

168 1.28

After 300 hours the oxidation mixture was

electrodialysed until free of inorganic ions. The de-

ionised solution was taken to-dryness, and a portion of

the residue was hydrolysed with hydrochloric acid (2K)

in a sealed tube on the boiling w^ter bath. Uxominwtion

of the hydrolysate on the paper chromatogram showed the

presence of approximately equal quantities of glucose,

galactose, and xylose.

The reducing power of polysaccharide GT

The reducing power of the polysaccharide

itself v/as estimated by the alkaline hypoiodite method

(8)./
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(8). A known weight of the polysaccharide was dissolved

in water (6 ml.) and sodium hydroxide (10 ml-., 2N) added,

followed by iodine solution (10 ml., 0.05TO. A blank was

made up identically, and both solutions stood in the dark

for 6 hours..The iodine was then regenerated by the

addition of sulphuric acid (2 ml., 2H), and titrated with

standard sodium thiosulphate from a micro-burette.

Weight of polysaccharide G 21.84 mg.

Equivalent volume of thiosulphate 0.560 ml.

Proportion of reducing groups in polysaccharide, 0.143

On the assumption that the polysaccharide

contains one reducing group in each chain molecule, this

figure indicates a chain-length of 7 units.

Acetylation of polysaccharide G

The polysaccharide was acetylated by the method

of Potter and Ilassid (47). A small quantity (50 mg.) was

first dispersed in formamide (1.5 ml.) by stirring for

1 hour. Pyridine (2.6 ml.) was then added, followed by

acetic anhydride (2 ml.: 0.2 ml. every 5 minutes). The

mixture was stirred overnight at room temperature.

It was then poured into a mixture of ice and

water (approximately 30 g.), precipitating the acetylated

polysaccharide. This was washed with distilled water

until free of acetic anhydride and organic solvents, and

Pound, acetyl content 43.9/'. (Theoretical acetyl content
18

45.3#). [a]T = +109", (c = 0.46, in chloroform).

The molecular weight of the chloroform-soluble

acetyl /
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acetyl derivative, measured by the isothermal distillation

method, was 2135 * 115, corresponding to a BP of 7.4 * 0.4.

Behaviour with Iodine solution

Polysaccharide G gave a strong purple coloration

with dilute iodine solution. After careful defatting with

methanol, the polysaccharide stained a light-brown with

the same iodine solution. The iodine uptake, measured

potentiometrically by Mr. D.M.W. .Anderson, was found to

be nil, after a slight initial consumption attributed to

impurities.

Methylation of Polysaccharide G

The polysaccharide (1.5 g.) was dissolved in

sodium hydroxide solution (125 ml., 30^), and the

solution transferred to a three-necked flask (2 1.).

Dimethyl sulphate was then added dropwise (80 ml.) over

a period of two hours, stirring vigorously under a

blanket of nitrogen. Pour further methylations were

carried out using one third of the above quantities of

sodium hydroxide and dimethyl sulphate in each operation.

After the third methylation, the partly-methylated

product became insoluble in the reaction mixture;

thereafter acetone (40 ml.) was added with each addition

of the other reagents. A qualitative hydrolysis of the

product after the fifth methylation showed two spots

corresponding to mono- and di-raethyl glucoses.

After the 7th. methylation, the mixture was

warmed to 65*0 on the water-bath, and nitrogen was

bubbled /
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bubbled through it to expel acetone. The contents of the

flask were carefully neutralised with sulphuric acid (411),

and the remaining acetone removed under reduced pressure.

The insoluble polysaccharide was filtered off on sintered

glass, dissolved through the filter with acetone, and

returned to the flask. Six more methylations were then

carried out as above, after which the product was again

isolated in the same way. The broxvn glass so-obtained

(0.75 g.) was readily soluble in chloroform. (Pound, 0CH3
= 27.9$)•

The partly-methylated polysaccharide was then

methylated eight times with methyl iodide (40 ml.) and

silver oxide (21 g.), extracting the silver residues with

dry chloroform on each occasion. After five treatments,

the methoxyl content had reached 32.2$. Yield, 0.73 g.,

[a]^8= +135".

Hydrolysis of partly-methylated polysaccharide

A small quantity of the partly-methylated

product (5 mg.) was hydrolysed in a sealed tube with

hydrochloric acid (0.5 ml., 41T), on the boiling water

bath (4 hoars).

The components of the hydrolysate were

separated quantitatively on the paper chromatogram,

using as mobile phase the upper layer of a butanol

(4 volumes), ethanol (1 volume), and water (4 volumes)
mixture. The positions of the various sugars were

determined by spraying the side-strips with aniline

oxalate solution (aq., sat'd.), and the sugars eluted

from /
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from the appropriate portions of the ohromatogram with

boiling water (5 ml.), contained in boiling tubes. The

sugars were then determined by the alkaline hypoiodite

oxidation method (8). Decinormal iodine solution (1 ml.)

was added to each tube from an ' A.gla' micrometer syringe,

followed by phosphate buffer (pH 11.4, 0.1H, 2 ml.). The

tubes were sealed with stoppers moistened with potassium

iodide solution (10$), and placed in the dark for six

hours.

The contents of the tubes were then acidified

with sulphuric acid (2 ml., 2 I), and the regenerated

iodine titrated with standard sodium thiosulphate

solution (0.01N).

possible sugar Equivalent vol. Weight Molar percentage
of thiosulphate (mg.)

tetramethyl glucose 0.952 ml. 1.1C4 24.0$
trimethyl glucose 1.636 ml. 1.816 41.2%
dimethyl glucose 0.444 ml. 0.462 11.2$
monomethyl glucose 0.826 ml. 0.801 20.8$
glucose 0.114 ml. 0.103 2.9$

In addition to the above believed glucose derivatives,

two other spots were detected on the paper chromatogram.

The first of these (red spot Rq. 0.41) was believed to be
a dimethyl galactose derivative. The second (Red spot,

Rg 0.15)» present only in trace quantity, was not
identified.

In view of the high proportion of monomethyl
and dimethyl glucose in the hydrolysate, a further three

oxide were L

carried out. The final product was a yellowish-red
18

viscous syrup. (0.52 gm., found 0CH3 = 39»3$» [a]p = +89")
Hydrolysis /
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Hydrolysis of methylated polysaccharide G

The methylated product (0.5 g.) was dissolved

in methanolic hydrogen chloride (4-0 ml., 2^), and the

solution heated under reflux for seven hours. The acid

was then neutralised with silver carbonate, the silver

salts were filtered off, and the filtrate was taken to

dryness under reduced pressure. The syrupy mixture of

glycosides so-obtained was hydrolysed for twelve hours

with hydrochloric acid (35 ml., 0.8H) at reflux

temperature, the following rotations being observed.

The acid solution was again neutralised with silver

carbonate, and the silver salts were filtered off.

The filtrate was deionised on columns of ion exchange

resins (* .Amberlite* IRI00 and IR4B), and was then

refluxed with charcoal. Finally, the solution of free

sugars was taken to dryness under reduced pressure, and

dried overragnt over phosphorous pentoxide. (Yield, 290 mg.
18

[a] s= +69°, > 4-60®, c = 0.56, in water)

Molecular weight of methylated polysaccharide G

polysaccharide, determined by the isothermal distillation

Time (hours) [a3D

0
2
6
9

4.72®
+60®
+58®
+57®

The molecular weight of the final methylated

polymerisation of 4 + 0.2.

Separation /
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Separation of components of hydrolysed methylated product

i) On the filter paper chromatogram

Careful examination of the hydrolysate on the

paper chrornatogrnm revealed seven spots, believed to

correspond to the following sugars. 1) tetramethyl

glucose (Rr, = 1.00), 2) a trimethyl glucose (Rg = 0.88),
3) a second trimethyl glucose (R_ = 0.83), 4) a dimethyl

Gr

glucose (Rg = 0.61), 5) a dimethyl galactose (R& = 0.50),
6) a monomethyl glucose (R& = 0.34), and 7) glucose
(Rg = 0.13).

Those numbered 5-7 were present in trace

quantities; components 1-4 were estimated after

separation on the chromatogram by the alkaline hypoiodite

procedure already described. Since the separation of the

two trimethyl glucoses was incomplete, they were on this
■

occasion estimated together. The results of these

determinations were as follows.

Sugar Equiv. vol. Weight Molar percenta
of thio.(ml) ""(mg.)

tetramethyl glucose 0.418 0.49 28.8$
trimethyl glucose 0.824 0,91 56.1$
dimethyl glucose 0.210 0.22 15.1/?

dimethyl galactose 0.025 0.05

The DP of the methylated polysaccharide G, based on the

above figures, is 3.4.

ii) On the cellulose column

Purification of solvents: 1) Butanol. n-Butanol (2 1.)

was refluxed for eight hours over potassium hydroxide

(20 g.). The butanol was then distilled off.

2) Petroleum ether. Petroleum ether (21.) was shaken

thoroughly /

se
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thoroughly with concentrated sulphuric acid (250 ml.),

and was then washed with sodium bicarbonate solution

(500 ml., 10-20%)• The spirit was finally distilled,

collecting the distillate over the boiling-point range

105-112°C.

The cellulose column (45 x 1.5 cm.) was washed

prior to use with water (2 1.), n-butanol (1 1.), and

finally with water-saturated butanol-petrol (30/70, 500

ml.). The column was allowed to run just dry, and the

mixture of free sugars (200 rag.), dissolved in the

minimum volume of the petrol-butanol mixture, was added

dropwise to the top of the column. The constant-level

reservoir was filled with the same solvent, and placed

on the top of the column, which was in turn placed over

the automatic turn-table.

5-M1. fractions of the eluate were collected

in small test-tubes, and the contents of every tenth

tube were taken to dryness. The residues were redissolved

in methanol (2 drops), and examined on the paper chrcmato-

gram. After the first sugar fraction had been located and

collected, the eluant was changed to water-saturated

butanol-petrol (50/50), and the elution of the column

continued till the contents of the first 700 tubes had

been examined. Only three sugar fractions were found.

Fraction Tubes in Rn_ value Possible sugar
which found

1
2
3

8-19
27 - 65
145 - 195

1.00 tetramethyl glucose
0.82 trimethyl glucoses
0.45 dim'ethyl gluco se (s)

Examination of fractions /
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Examination of fractions

Fraction 1 - 53.7 mg.

The sugar was obtained as a pale yellow syrup,

which crystallised rapidly on standing. A small quantity

(1.11 mg.) was weighed out in a glass weighing stick and

dissolved in distilled water (5 ml.). The content of

reducing sugar present was then determined by the alkaline

hypoiodite method. The value so-obtained was 65%

Hydrolysis of fraction 1. The sugar (5 mg.) was hydrolysed

in a sealed tube for 12 hours with hydrochloric acid (1 ml.,

1.5N), and the solution examined directly on the paper

chromatogram. One large spot was found, travelling on the

ehromatogram with the s^me speed as an authentic sample

of 2:314:6-tetm-O-methyl-D-glucose. In addition, a very

slight trace of a second sugar, travelling at a slower
.

speed, was detected. This was not considered to be present

in such quantity as to justify the hydrolysis of the entire

fraction in order to separate the small quantity of

glycoside indicated.

Melting point - 65-70*0. A quantity of the sugar was

recrystallised from dry ether. Melting point, 90-93*0,

alone or in admixture with an authentic sample of

2:3:4:6-tetra-O-methyl-D-graoose.

Methoxyl and specific rotation. Found, OCH^ = 51.5$
(required for C6H802(OGH3)4, 52.5$).

1 8

[a]1} = +95? +79% (c = 0.36, in water)
Preparation of 2:3:4:6-tetra-0 -methy1-H-phenyl-D-gluco sy1 am ine

The sugar (30 mg.) was dissolved in ethanol

(1.2 ml.) /
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(1.2 ml.}, and aniline (0.25 ml.) added. The solution wa3

refluxed on the boiling water bath for 3 hours, and then

transferred to the refrigerator. Needle-shaped crystals

(37 mg.) separated immediately, and were filtered off on

sintered glass. A small quantity of the aniline derivative

was recrystallised from bensene-petrol (50/50). Melting

point, 134-137°.

Fraction 2 - 121.3 mg.

Ohromatographic examination showed the presence

of two sugars, of R values 0.85 and 0.80. The R„ value
vj- Cr

of an authentic sample of 2:3:6-tri-O-methyl-D-glucose

on the same chromatogram was 0.85. The syrup did not

crystallise on standing. Its purity by the hypoiodite

method was 92/.

Rotation in cold methanolic hydrogen chloride

Some of the syrup was dissolved in cold

methanolic hydrogen chloride (1/), and the following

rotations observed.

Time in hours \a]p
0 *70.0°
0,5 +66.1°
1 +62.9®
2 +54.8®
3 +50.4®
4 +47.4®
5 +43.3®
7 +36.0®

10 +30.0®
24 +15.1® (Equilibrium)

The total change of rotation recorded is 54.9®. According
to Barker, Hirst and Jones (40), the change in rotation
shown by pure 2?3t6-tri-0-methyl-D-glueose is 104°; the

change /
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change in rotation of mixtures containing this sugar can

serve as a measure of the proportion of 2:3:6-tri-o-methyl-

D-glucose present. The rotational change observed in the

present instance indicates that the syrup contains 53$

of the 2:3:6- isomer

Methoxyl and specific rotation Pound, OCH^ = 41.8<?.
(Required for CgHgCMOCH-z)^ 41.9$.)

-I Q

[a]^ = +37°, — +65°, (c = 0.6o, in water).
Jemethylation of fraction 2

A portion of the syrup (5 nig.) was treated with

hydrogen bromide (48%, 1 ml.) in a sealed tube at 100°C

for 8 minutes. The slightly-charred solution was cooled

and diluted to 5 ml. After neutralisation with silver

carbonate and filtration of the silver salts, the solution

was taken to dryness; the residue was redissolved in a few

drops water and examined on the paper chromatogram. Only

one spot was observed, travelling at the same speed as an

authentic sample of D-glucose.

Partial separation of the two components of fraction 2

A quantity of the syrup was spotted on

Whatman's 3MM paper, and the paper developed with the

upper layer of a mixture of butanol (4 volumes), ethanol

(1 volume), and water (4 volumes). The positions of the

two components were ascertained by spraying the side-

strips, and the sugars themselves were eluted from the

appropriate sections of the chromatogram with boiling

methanol contained in boiling tubes (5 ml. in each). After

refluxing for one hour, the two solutions were taken to

dryness /
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dryness, and dried over phosphorus pentoxide at o.l ram.

for 4 hours, only a small quantity of each sugar was

obtained, since complete separation on the chromatograra

did not occur. It was therefore necessary to elute only

the end-portions of the figure-of-eight shaped spot.

Examination of the two fractions obtained

Fraction 2a (5.7 mg.). Chromatographic examination

showed the presence of a single sugar, travelling as a

well-defined circular spot of RG value 0.83. The R^
value of authentic 2:3:6-tri-0-methyl-D-glucose on the

same chromatogram was 0.83. The colour of the spot

obtained on spraying vdth aniline oxalate was reddish-

brown.

The syrup crystallised almost completely on

standing for six weeks. M.Pt., 95-105°C, alone and in

admixture with authentic 2:3:6-tri-0-methyl-I)-glucose.

Fraction 2b (6.0 mg.). Chromatographic examination

showed one sugar of RG 0.77. (Literature figure for

2:4:6—tri—()—methyl—D—glucose, 0.76). The spot obtained

on spraying with aniline oxalate was circular and red in

colour. Partial crystallisation took place on standing

for six weeks; it was found impossible to separate a

single crystal from the accompanying syrup. The crystal

examined merged into the adjoining syrup at 6o°C.

gluco sylamine

The aniline derivative of 2:4:6-tri-O-methyl-

D-glucose is crystalline; that of the 2:3:6- isomer is

not . /
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not. It -was hoped that by refluxing fraction 2 with the

appropriate quantities of ethanol and aniline, it might

be found possible to separate crystals of 2:4:6-tri-0_

methyl-H-phenyl-D-glucosylamine. Fraction 2 (40 mg.) was

refluxed for 4 hours with absolute ethanol (0.8 ml.), and

freshly-distilled aniline (0.2 ml.). The mixture was

cooled, petroleum ether (b.pt. range, 80-100°C) was added,

and the mixture xvas placed in the refrigerator. Ho

crystals separated on standing for a fortnight.

The solution xvas then taken to dryness, and

triturated with ether. A broxvn oil separated; the clear

solution was taken off through a filter-stick, and both

oil and solution were transferred to the refrigerator

once more. Ho crystallisation occurred in either case,

despite several attempts to induco crystallisation by-

inoculation, scratching, and freezing to -35°C.

Fraction 3 - 17.8 mg.

Chromatography showed a single elongated spot,

from which it xvas impossible to tell 'whether the fraction

contained one or more sugars. The R,„ value was 0.51. The
Up

purity of the fraction by hypoiodite was 98^. On standing

in the refrigerator for one xveek, the syrup apparently

crystallised. When returned to room temperature, however,
I I

the crystals melted once again.

f'ethoxyl and specific rotation uound^ = 29.1^.

(Required from ^6Hlo°2{OOH3h' 2
18

[a],. = *49°» (c = 0,37, in acetone).

Determination of sugars in fraction 3 having free hydroxyl

on /
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on carbon atom 0^
The crystallisation which occurred suggested that

*

the fraction might be predominantly one particular

dimethyl isomer. Since the value of the specific rotation

is closely similar to that quoted in the literature for

the 2:3- derivative, the percentage of that sugar, or

alternatively of the 2*4- isomer, was estimated by Bell's

method (41).

The sugar (3.67 mg.) was dissolved in water

(0.5 ml.) and phosphate buffer (1/15M, pli 7.5, 2.5 ml.)

was added, followed by sodium meta-periodate solution

(1.5 ml., 0.1LI) • After standing overnight in the dark,

the solution was acidified with hydrochloric acid (0.5 ml.,

2H), and sodium arsenite solution (1.25 ml., 1.2N) was

added. Twenty minutes were allowed for the destruction of

unconsumed periodate, and acetate buffer (4 ml., 28, pH

4.5) added, followed by dimedone (40 mg. in 0.5 ml.

ethanol). The solution was then heated on the boiling

water-bath for 15 minutes, and wr-s then allowed to stand

at room temperature for 2 hours. The precipitated

formaldehyde-dimedone complex was filtered off on a tared

sintered glass crucible (porosity 3), dried overnight

over magnesium perchlcrate, and weighed. A blank was run

concurrently.

Weight of complex (experimental), 0.34 mg.

Wight of complex (blanks, 0A3 mg.

Bet, 0.21 mg.

Equivalent weight of dimethyl glucose, 0.15 rag.

Hence, percentage of 2:3- or 2:4- (or both) di-£-methyl-
D-glucose /
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D-glucose in fraction 3 = 4.1$.

Attempted preparation of an aniline derivative from

fraction 3

The remainder of fraction 3 (6 mg.) was re-

fluxed with ethanol (0.5 ml.) and freshly-distilled

aniline (0.? ml.) on the boiling water bath. After

three hoars the solution was transferred to the

refrigerator. ITo crystallisation could be induced,

however.

Summary of fractions

The table below summarises the quantities and

percentages of the sugars identified in the hydrolysis

of the methylated polysaccharide.

Sugar '"eight in mg. '(Molar)

2 j 3: 4i6-tetra-O-methyl-D-glucose,

2:3? 6-tri-jO-mcthyl-D-glucose,

2:4:6-tri-£-methyl-D-glucose,
dimethyl glucose(s)

The chain-length of the methylated derivative of

polysaccharide G, based on the above figures, is 3.3.

3

'

eight in mg,

53.7

121.3

17.3

26.4

33.8

29.9

9.9

The hydrolysis of polysaccharide 0 with glucosidase

enzymes

"Sinee only a small quantity of the polysaccharide

remained, it was not possible to perform any of the

following hydrolyses quantitatively. The effects of a-

and p-amylase, and emulsin, on polysaccharide G, were

examined /



160

examined qualitatively by paper chromatography.

a) Stock soya bean (3-amylase

The enzyme digest was made up from the

following components • polysaccharide G (5 mg.)

3-amylase solution (0.5 ml.)

acetate buffer (0.2 ml., pH 4.6)

water (0.3 ml.)

The above mixture was incubated at 35 °C for 44 hours. The

solution was spotted ten times on the paper chromatogram,

and the chromst ogram developed using as mobile phase the

upper layer of a mixture of n-propanol (6 volumes), ethyl

acetate (1 volume), and water (3 volumes). The chromato-

gram was then irrigated with acetonic silver nitrate

solution, dried, and sprayed with alcoholic sodium

hydroxide. Finally, it was washed with ammonia (6N) and

water, and air-dried. A single sugar appeared on the

chromatogram, travelling at the same speed as D-glucose.

A solution of polysaccharide G itself, spotted on the

paper an equal number of times, showed no reducing sugars

at all.

Salivary q-amylase

A salivary a-amylase solution was prepared by

washing out the mouth with distilled water, and then

allowing a further quantity of distilled water (5 ml.)

to absorb the saliva in the mouth for 5 minutes. The

solution was collected in a centrifuge tube, distilled

water (5 ml.) added, and the precipitated mucilage

separated /
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separated at the centrifuge. The supernatant was used as

the a-smylase solution. The digest was prepared from the

following components ; polysaccharide G (5 mg.)

a-amylase solution (0.5 ml.)

citrate buffer (0.3 ml., pH 6.6)

water (0.2 ml.)

The digest was incubated at 35"0 for 24 hours, and then

spotted (20 times) on the chromatogram. This was

developed as already described. A sugar having the same

% as glucose was again observed,
A further digest was set up with maltose (5 mg.

replacing polysaccharide G. After incubation for 24 hours

paper chromatography showed that a small quantity of the

maltose had been hy^rolysed to glucose.

c) gmulsin

Polysaccharide G was incubated with emulsin for

28 hours. The digest was made up as follows;

polysaccharide G (5 mg.)

emulsin (10 mg.)

acetate buffer (0.5 ml., pH 4,8)

water (0.5 ml.)

In this case, no reducing sugars were detected on the

paper chromatogram. The digest was incubated for a

further 24 hours; again, no sugars were detected.
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