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By the chemical assay of the end group in a methylated 
cellulose it was found by HawoaT~ and MACHE.~IEtO that this 
derivative existed as a long open-chain structure and that the 
chain length of this product corresponded to about 200 glucose 
members or groups or a molecular weight of about 40000. It was 
then pointed out in that paper that we regarded this value as 
the average lower limit of the unit of the macro molecule. It was 
added that ~lthough it is of interest it is of no vital concern 
to the study of the intimate sWucture of cellulose whether this 
value is to be increased to 100000 for native cellulose. At the 
same time it is of immense general importance that the appro- 
ximate limiting figure for the molecular size of all such p01y - 
saecharides should be investigated and experiments which have 
been continued in ray laboratories have confirmed the above re- 
sults. Using high viscosity cellulose ~rom cotton linters, methy- 
lated celluloses have been prepared having viscosities correspon- 
ding to 250 and 340 glucose units, based on the STAUDINGER 
factor. Higher viscosities than these are obtained if the cellulose 
is not fully metby]ated. In all cases it has been observed that 
the end group method of measurement shows a chain length of 
about 200 glucose units. Specimens of very much higher viscosity 
are also under examination and will be reported on shortly. 

I t  is possible that some common fundamental factor is 
operating to determine the very ]urge molecular size of poly- 
saccharide molecules. Consequently it would seem undesirable to 
limit the investigation of this problem to the study of a single 
polysaecharide. The factors underlying these questions can best 
be investigated by a general study of many types of carbohydrate 
and this has been attempted. The application of the chemical 
end group method to starches is facilitated both by the relative 
ease of methy]ation in this series and by the comparatively high 
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proportion of tetramethyl glucose liberated on hydrolysis of the 
fully methylated derivatives. An extensive examination has there- 
fore been undertaken with the object of investigating the re- 
lationships between the values for the particle size and molecular 
weight determined by viscosity, osmotic pressure, and the end 
group method. 

Firstly, the standard procedure was adopted. A non-reducing 
starch acetate was formed under carefully controlled conditions 
and this was subjected to simultaneous deacetylation and methy- 
la~ion by methyl sulphate and sodium hydroxide. In this way it 
was found that for potato starch, soluble starch (commercial A. R. 
sample), maize starch, and waxy maize starch the percentage of 
tetramethyl glucose given on hydrolysis was 4"5 % corresponding 
to a chemical chain length of 24 to 26 units oi glucose or a 
molecular weight of approximately 4000. The conditions were 
then varied in that acetates of different viscosities were prepared 
from a given sample of starch. In every instance it was ascer- 
tained that the reducing power of the acetate was negligible, the 
iodine number being the same as for the original sample of un- 
acety]ated starch and the copper number showed only slight va- 
riation, the acetates of lower viscosity having the higher copper 
number. It should be noted that the copper numbers even for the 
least viscous acetate are of the same order and indeed less than 
those recorded by RICHARDSOI~, HIGGINBOTHAI~, and FA~ow~ for 
umnodified starches. On methylation, viscous methyl derivatives 
were obtained from the viscous acetates and less viscous methyl 
derivatives from the less viscous acetates. The observed chemical 
chain length was in all cases 24--26 glucose units. In other ex- 
periments the starches were methylated directly, without preli- 
minary transformation to the acetate, and by modification of the 
experimental conditions methylated starches of very varied visco- 
sities were obtained corresponding, on the basis of the older cal- 
culation used by STA~DINGE~ for cellulose, to an apparent mole- 
cular weight of 7000 rising to 100000. In these experiments no 
acid reagent came into contact with the starch during the whole 
of the procedure by which the fully methylated derivatives were 
obtained. On hydrolysis of this series of methylated starches the 
observed chemical chain length calculated from the yield of tetra- 
methyl glucopyranose was again 24--26 glucose units. Osmotic 
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pressure measurements determined for these products seemed to 
indicate that the particle weight corresponds to approximately 
5 to 6 times the values derived from the viscosity data. 

Precisely similar results have been obtained with potato 
starch, and with both this and maize starch it has been observed 
that  when direct me~hylations are carried out in the cold with- 
out passing through the acetate, or when viscous acetates are 
methylated at low temperatures, the resulting methylated deriva- 
tives have a high viscosity. I t  is possible to obtain in this way 
methylated starches of apparent molecular weight 100000 (from 
the older viscosity data) and with a methoxyl content of only 
43--44 %. On further methylafion even under the same mild con- 
ditions it is invariably found that as the methoxyl content rises 
the viscosity falls. I t  follows therefore that beyond a certain 
methoxyl content further methylation is impossible without sim- 
plification of the molecular aggregate. This is to be regarded as 
significant evidence in favour of the aggregation hypothesis which 
has already been advanced. On this view starch consists of com- 
paratively short chains which are capable of undergoing aggre- 
gation to very large units of enormous particle size and con- 
versely can undergo disaggregafion at least partially. There can 
be no question of chemical degradation during the final phase of 
the methylation process, since the yield of tetramethyl glucose 
obtained from the viscous methy]ated starch of methoxyl content 
43 %, is almost identical with that from the less viscous fully 
methylated derivative having methoxyl content 45%. 

There is thus abundant evidence that under various condi- 
tions starch can be acetylated without appreciable rise in the re- 
ducing power. The acetates can possess all degrees of viscosity. 
By direct methylation without passing through the acetate, or 
by methylation of the above acetates, derivatives of varying de- 
grees of viscosity can be obtained. I t  would appear that there is no 
relationship subsisting between viscosity and the observed chemical 
chain length, which remains invariable for specimens of unde- 
graded starch derivatives. As soon as hydrolytic degradation of 
starch into dextrins is deliberately attempted the value for the 
chemical assay of the end group diminishes progressively. 

Facts of similar interest have been obtained by the study 
of glycogen from several sources, namely, from rabbit liver, fish 
liver an4 fish muscle. From some of these sources the chemical end 
group method of investigation has given values corresponding to 
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]2 glucose units in the chain and in other cases to 18 glucose 
units. Viscosity measurements, using again the STAUDINGER fOF- 
mula developed for cellulose, are in agreement with these values. 
On the other hand the osmotic pressure measurements obtained 
by using a cellophane membrane show very much higher particle 
sizes. This method has been developed in my laboratory by 
CARTER and RECORD s �9 The values vary  between 3400 and 5400 
glucose units in the methylated glycogens from the rabbit, haddock. 
hake and dogfish. Still higher values were found for the acety- 
lated specimens. These values are so large that they show no 
comparison with the corresponding derivatives of starch or with 
the viscosity values. Two samples of methylated starch showed 
osmotic pressures corresponding in particle sizes to 630 and 140 
glucose units. In these instances the sample which gave solutions 
of higher viscosity exerted the lower osmotic pressure. On the 
other hand two samples of methylated starch dextrins of short 
chain length exhibited osmotic pressures indicating the presence 
of 23 and 24 glucose units and these results are not far removed 
from the end group value of 12 and 9 determined by chemical 
methods. 

With the polysaecharide inulin it has already been shown ~ 
by the chemical end group method of assay that methylated inulin 
corresponds to a chain of about 30 fructose units. The osmotic 
pressure determinations have confirmed exactly this estimate of 
chain length. On the other hand the viscosity value in this case 
is exceedingly low and if  the same factor as was used by STaU- 
DINGER for cellulose is employed these viscosity data point to the 
presence of only 9 fructose units. The probable reason for this 
wide disparity is commented upon by the present writer in his 
Presidential Address to the British Association for the Advan- 
cement of Science, Chemistry Section, 1935, page 32. I t  was 
there pointed out that configurational or spatial arrangements of 
a model must affect very widely the factors underlying viscosity 
measurements and in the case of inulin the spacing of the chemi- 
cal structure demands that the molecule is i rranged as a lami- 
nated series of fruetofuranose rings which are not joined end to 
end as in the case of cellulose or starch. 

I t  has never been claimed by the present author that the 
chemical end group method of determination of chain length 
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corresponds with the particle size. The view advanced in earlier 
papers has been that  there is an aggregation of such chains 
which are joined by physical links or by co-ordination end to end. 
A measurement of particle size must take account of the physical 
molecule and the molecular aggregate. This may involve not  only 
aggregation to increase t h e  length of the chain but also the 
lateral combination between the chains. These factors must be 
recognised in any comparison of the molecular weights of cellu- 
lose, starch, glycogen, or other polysaccharides. A striking example 
is afforded in the case of the polysaceharide xylan. Here it was 
shown 5 that the chemical unit of methylated xylan is composed 
of about 18 pentose residues. I t  was there suggested in view of 
physical measurements that  four or more of these chains were 
grouped together by co-ordination or other type of union between 
the reducing end of the chain and an intermediate hydroxyl po- 
sition of an adjoining chain. 
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