
JOWIIQ! of chromorography, 142 (1977) 575-585 
0 Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

CHROM. 10,357 

GAS-LIQUID CHROlMATOGRAPHY OF MONOSACCHARIDES _4T THE 
PICOGRAM LEVEL USING GLASS CAPILLARY COLUMNS, TRIFLUORO- 
ACETYL DERIVATIZATION AND ELECTRON-CAPTURE DETECTION 

G6RAN EKLUND, BJORN JOSEFSSON and CLAES ROOS 
D~~QHUICVI~ of AnQfyiicQ~ Chemistry, University of Gothenburg, Gothenburg (Sweden) 

SUMMARY 

A gas-liquid chromatographic (GLC) method has been developed for the 
analysis of samples containin, m nanogram to picogram amounts of three different 
types of monosaccharides, viz., aldoses, ketoses and deoxy sugars. The minimum 
detectable amounts were at the sub-picogram level when highly electron-capturing 
derivatives such as trifluoroacetyl (TFA) esters of sugars were used. The gas chro- 
matograph was modified to utilize the powerful combination of a glass capillary col- 
umn and an electron-capture detector. 

For nine monosaccharides all of the anomers were resolved on a glass capillary 
column with particularly good deactivation properties_ The iosses of the TFA 
derivatives on the column were determined approximately at different carrier gas 
flow-rates. Quantitative determination was facilitated by taking all anomeric forms 
into account. 

The sensitivity and resolution of the method permit extremely small amounts 
of sugars in a complex mixture to be studied. This has been demonstrated on a sea- 
water sample. 

INTRODUCTlON 

Common methods for the quantitative determination of individual free mono- 
saccharides are based on liquid chromatography using ion-exchange resins and 
calorimetric determination of the usually well separated peaksl*z. Monosaccharides 
can also be determined by gas-liquid chromatography (GLC) after the formation of 
their O-methyl, 0-acetyl, 0-trifluoroacetyl (TFA) and 0-trimethylsilyl (TMS) deriva- 
tives. The separation of the monosaccharides by liquid chromatography has the im- 
portant advantage that it is not affected by the mutarotation equilibria in aqueous 
solutions. However, GLC has certain advantages when a large number of samples 
containing small amounts of sugars need to be analyzed in reasonably short time. 

The main difiiculty in the GLC separation of different monosaccharide deriva- 
tives is the formation of two to four peaks per monosaccharide. These peaks result 
from anomeric and ring isomerization (pyranose and furanose rings). fn a complex 
mixture containing a number of sugars, the multiplicity of peaks produced will require 
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an extremely high efficiency of separation of derivatives that have very similar struc- 
tures. An alternative method is to reduce the sugars to the corresponding alcohols, 
followed by derivatization which yields only a single peak as a result of the destruction 
of the ring structures3. However, these alcohols wil1 not distinguish between certain 
pairs of sugars, as sugar pairs such as lyxose-arabinose and gulose-glucose will give 
the same aIcoho1 upon reduction. When ketoses and aldoses, e.g., sorbose and glucose, 
are present in the same sample they will also give the same aicohol, glucitol. Ketoses 
ahvays give two different products upon reduction, e.g., fructose produces both man- 
nit01 and glucitol. It should also be pointed out that Wohl derivatives do not give 
volatile products of ketoses, which limits their use’. 

Attempts have been made to obtain very high resolutions on GLC columns, 
thereby separating all the anomers of the monosaccharide derivatives. Zanetta ef ~1.’ 
showed that a singIe analysis on a 2-m packed column was sufficient to resolve a 
mixture of TFA derivatives of the 0-methylglycosides, but the corresponding simple 
TFA monosaccharides could not be resolved. The sugars could still be quantitatively 
determined by taking into account the relative proportions of the isomers at 
equilibrium in water. 

Tesarik6 found that use of wall-coated open-tubular glass columns gave a 
more complete separation of the different TMS sugars. The use of two capillary COI- 
umns with stationary phases of different polarity allowed the identification of 11 
sugars in a mixture. 

Very high sensitivity has been achieved by making sugar derivatives with a 
high electron-capture response. A method for the determinatiop of sugars at the 
nanogram level was reported by Tamura and Imanari’, who used TFA derivatives 
and electron-capture detection. Monosaccharides, which as TFA derivatives have up 
to 15 fluorine atoms incorporated, wilI have good eIectron-capture properties. 

The combination of the high resolving power of wall-coated open-tubular glass 
columns and the extreme sensitivity of the electron-capture detector gives many new 
advantages in the analysis of complex mixtures. Franken and co-workers8*9 studied 
pesticides and derivatized biological amines by using this arrangement. Schulte and 
Acker’O studied the PCBs with the combination of a glass capillary column and an 
electron-capture detector. Recent papers ri.r2 have described some of the problems 
that arise when connecting the columns to the electron-capture detector, which has 
a fairly large dead volume compared with the carrier gas flow-rate. 

The purpose of this work was to develop a method for the GLC analysis of a 
complex mixture of monosaccharides in sea-water samples. The free neutral sugar 
content in sea water is low and the concentration of individual saccharides is at the 
micrograms per Iitre levelz3. With liquid chromatography it was necessary to desalinate 
and evaporate 0.5-l I of sea water, which is a time-consuming procedure. With a 
more sensitive chromatographic method, the volume of the sea-water sample could 
be considerably reduced. 

EXPERIMENTAL 

Apparatus 
A Perkin-Elmer 3920 gas chromatograph equipped with a nickel-63 electron- 

capture detector was used. The gas chromatograph was modified to suit glass capillary 
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aldoses (rhamnose). The GLC response plots showed less scatter for glucose, arzbinose 

and rhamnose but were about the same for fructose. Ketoses such as fructose are not 
as stable as the other sugars. The relative standard deviation for the whole method 
lies in the range lO-30% for the different sugars (see Table I). 

The application of splitless injection has been reportedI to give a decreased 
injection error, but in this instance the error increased, as can be seen in Table I. Our 
explanation is that the injector volume was not optimally designed for this analysis_ 

Limit of detection 
A chromatogram obtained on analysis of TFA-rhamnose is presented in Fig. 

.5, showing the detection of 0.5 pg injected with a splitting ratio of I:80 and a carrier 
gas flow-rate of 0.77 ml/min. The minimum detectable amounts for the different 
monosaccharides were of the same order. The effect of the carrier gas flow-rate or the 
retention time may alter the response considerably, which was illustrated in Fig. 3. 

d 
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Fig. 6. Chromatogram of sea-water sample. Monosaccharides that can he identified from our stan- 
dard are marked with arrows. 
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Sea-water sample 
The chromatogram from a sea-water sample is presented in Fig. 6. The de- 

salting procedure removes all materials besides neutral organic compounds which 
are not affected by the electrical field. Thus neutral sugars, glycols and similar com- 
pounds remain in the desalinated sample. The chromatogram shows that there are 
compounds present other than the studied monosaccharides_ Fucose, sorbose and 
some glycols are probably present, and have been reported earlier to exist in sea 
water13. A more detailed investigation on the carbohydrate composition in sea water 
will be reported later. 
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