
© 1956 Nature Publishing Group

No. 4520 June 16, 1956 NATURE 1125 

chemical dtigradation, which can distinguish between 
a 3': 5'- and 2': 5'-phosphodiester linkage10• 
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lonophoresis of Oligosaccharides as 
N-Benzylglycosylammonium Ions 

FILTER-PAPER ionophoresis is now being widely 
used for separations of mixtures of neutral sugars, 
which are converted into charged molecules by the 
formation of borate complexes1 • This excellent 
method provides a far more rapid separation of 
isomeric components which possess appropriate 
structural differences than does filter-paper chromato
graphy ; and at the same time, deductions can be 
made about the probable structure of an unknown 
sugar from its rate of migration. It does, however, 
suffer from a disadvantage when compared with 
filter-paper chromatography, inasmuch as it does not 
give any indication of the molecular size of an 
unknown oligosaccharide. We now report a different 
method of filter-paper ionophoresis which readily 
yields this information ; it is to be regarded as 
complementary to the borate process. When both 
methods are used in conjunction, much information 
about a new product can be gained very rapidly. 

This alternative method of ionophoresis is a 
development of the technique of filter-paper 
chromatography in which reducing sugars are con
verted on the paper into N-benzylglycosylamines2 ; 

in this case a charge is afterwards placed on the 
nitrogenous derivative by using a strongly acid 
solution as the medium during electrolysis. In the 
general method the reducing sugar is spotted on to 
a strip of Whatman No. 3 filter-paper, and a spot of 
a solution of benzylamine (1 c.c.) in methanol (9 c.c.) 
and 10 N formic acid (5 c.c.) is superimposed. The 
paper is heated at 95° for 5 min. and then subjected 
to ionophoresis at 600 V./55 cm. for 6 hr. in an 
electrolyte (pH 1 ·8) composed of a mixture of 5 per 
cent aqueous sodium hydroxide (600 c.c.) and 90 per 
cent formic acid (400 c.c.). The paper is dried t,o 
remove all formic acid, and the spots are detected 
with alkaline silver nitrate• or periodate•. The 
mobility is expressed as the ratio between the 
distance which separates the N-benzylglycosyl
ammonium ion from the unchanged sugar and the 
distance which separates the N-benzylglucosyl
ammonium ion from unchanged glucose. It is quite 
convenient to measure these distances because the 
reaction between the sugar and the benzylamine is 

Sugar 
Pentose 
Hexose 
Heptose 

Table 1 

Hexose disaccharide 
Hexose trisaccharide 
Hexose tetrasaccharlde 
Hexose pentasaccharide 
Hexose hexasaccharide 

• Defined in text. 

Mobility• 
l ·09-1 ·15 

1·00 
0·91 

0·71--0·78 
0 ·59--0·63 
0 ·49--0·51 

0·42 
0·33 

not complete (cf. ref. 2). Typical results are given 
in Table 1. 

It will be seen that the mobility bears an inverse 
relationship to the molecular weight of the ion ; to 
the first approximation, it is independent of the 
stereochemistry of the sugar and also of the positions 
of the linkages in a higher saccharide. Full details 
of this work, including the experiments which led to 
the development of the general method and studies 
with amines other than benzylamine, will be reported 
later. The work was supported by a grant from the 
Nuffield Foundation. · 
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Ion-Exchange Preparation of Low-Silica 
Hydroxide Solutions for Colorimetric 

Determinations of Total Silica 
ATTEMPTS to determine small concentrations of 

total silica colorimetrically by applying the method of 
Straub and Grabowski', following solubilization of 
the silica by boiling with hydroxide, have been 
frustrated by the interference of the silica present 
in either the sodium or potassium hydroxide used as 
the solubilizing agent. In studying this problem, the 
possibility of preparing a hydroxide solution by pass
ing a salt solution through the hydroxide-form of a 
quaternary-base ion-exchange resin was investigated. 
The fact that complete conversion from the salt to 
the hydroxide is not required for the analytical 
method is a recommendation of this approach ; a 
salt solution more concentrated than is normally 
amenable to ion-exchange treatment may be used 
as the starting material in order to produce a moder
ately concentrated hydroxide solution. 

A quaternary ammonium-type anion-exchange 
resin ('Amberlite JRA-400') was used in the prepara
tion of the caustic solutions. A small column of the 
resin was prepared in a 1- or 2-in. diameter poly
ethylene pipe. The resin was converted to the 
hydroxide-form by treating it with six volumes/ 
volume resin of 4 per cent sodium bicarbonate solu
tion followed by six volumes/volume resin of 4 per 
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