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A review is given of materials on the use of the method of gas--liquid chromatography 
in carbohydrate chemistry. 

A quarter of a century has passed since the appearance of the first communication on 
the gas--liquid chromatography (GLC) of carbohydrates in 1958 [i]. During this period the 
method has undergone all-sided development, and has become one of the main ones in the analy- 
sis of carbohydrate mixtures, and it is playing an enormous role in the structural investi- 
gation of carbohydrate-containing compounds. The GLC of carbohydrates is widely used to- 
gether with other chromatographic and analytical methods and a combination of the advan- 
tages of GLC and mass spectrometry (chromato-mass spectrometry) has given a basically new 
qualitative jump in the elucidation of the structures of the most complex carbohydrate-con- 
taining biopolymers, including glycoproteins, peptidoglycans, and lipopolysaccharides. New 
modifications of the method have also appeared, such as capillary chromatography, and pre- 
parative GLC -- a promising method for obtaining authentic samples of, in the first place, 
difficultly accessible methylated sugars -- has undergone development. A considerable number 
of new carbohydrate derivatives have been proposed for more effective separation with the 
aid of GLC, the possibilities of numerous liquid phases and solid supports have been studied, 
and the optimum conditions for the performance of the GLC analysis of carbohydrate mixtures 
have been determined. The investigations of the early period have been considered in detail 
in numerous monographs and papers with a review nature [2]. In the p~esent review an attempt 
has been made to analyze the literature on the GLC of carbohydrates beginning from 1974; 
the citation of earlier papers has been made only in the historical aspect and to confirm 
individual points. 

CONDITIONS FOR SEPARATING CARBOHYDRATES 

As is well known, carbohydrates do not possess sufficient volatility for GLC. As 
volatile carbohydrate derivatives are used the trimethylsilyl ethers of methyl glycosides 
and of monosaccharides, acetates of polyols and of aldononitriles, trifluoroacetates, and 
a number of other derivatives. 

The trimethylsilyl ethers [3] have come to be used most widely thanks to the ease of 
their preparation in quantitative yield, their high volatility and stability, and the good 
separation of the components of a mixture. They are usually prepared by treating the carbo- 
hydrates with chlorotrimethylsilane and hexamethyldisilazane in pyridine [3]. The presence 
of moisture in the samples prevents the reaction from taking place completely, but if the 
chlorotrimethylsilane is replaced by trifluoroacetic acid, a small amount of water will not 
affect the occurrence of the reaction [4, 5]. More effective reagents are also used to ob- 
tain trimethylsilyl ethers, such as N,O-bis(trimethylsilyl)acetamide and trifluoroacetamide, 
and also N-trimethylsilylimidazole [6, 7]. When the latter is used, two phases are formed 
during the reaction, the trimethylsilyl ethers of the sugars passing into the upper phase, 
which leads to their concentration in a small volume and to an improved separation [8]. 
Some other reagents have also been proposed for trimethylsilylation [9], but they have not 
come into wide use. 

For sparingly soluble compounds, dimethyl sulfoxide or dimethyl formamide are used as 
the solvent in the place of pyridine [10-14]. The use of these solvents leads to the 
formation of an upper phase into which the bulk of the carbohydrate trimethylsilyl ethers 
passes [10-12]. Sometimes cyclohexane is added to the reaction mixture for the same purpose 
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[14], this favoring the concentration of the compounds to be separated in the upper layer 
to an even greater extent. As is well known, when the trimethylsilyl ethers are used 
several peaks on the chromatogram correspond to each monosaccharide. To decrease the number 
of peaks the monosaccharides are sometimes first converted into oximes [15] or methyloximes 
[16]. Then for each monosaceharide two peaks (syn and anti isomers), one of which usually 
predominates, can be observed on the chromatograms. 

Another type of derivatives used for the separation of carbohydrates with the aid of GLC 
consists of the acetates, particularly the acetates of the corresponding polyols and aldono- 
nitriles, since, in these cases, because of the absence of a tautometric equilibrium, each 
monosaccharide is represented by a single peak on the chromatograms. Acetylation is achieved 
by treating samples with a~cetic anhydride in pyridine or in the presence of sodium acetate. 
In pyridine, acetylation takes 20 minutes, while when sodium acetate is used complete 
acetylation is observed only after 2-3 h [18]. On the other hand, acetylation in the pres- 
ence of N-methylimidazole takes place completely in 5 min at room temperature [19, 20]. 

The GLC of trifluoroacetates of carbohydrates is used considerably more rarely, in 
spite of the high volatility of these derivatives and their satisfactory separation. An 
important factor in the use of the trifluoroacetates is the high sensitivity of an electron 
capture detector to these derivatives [21, 22]. 

The type of gas chromatograph is not of fundamental importance for the analysis of car- 
bohydrates, since the chromatographs developed in recent years are, as a rule, fitted with 
temperature programmers and highly sensitive flame-ionization detectors and are designed for 
analysis at high temperatures. The chromatographs are frequently equipped with selective 
detectors (electron-capture and thermionic detectors). Gas chromatographs of the "Tsvet" 
I00 series are probably the best of the domestic instruments and are completely suitable 
for carbohydrate analysis. The chromatographs are fitted with a set of metal and, more 
rarely, glass columns, but chemists prefer to work with the glass columns in view of their 
inertness and convenience of packing. The use of capillary columns requires modifications 
to the inlet system and in the connection to the detector in an ordinary gas chromatograph, 
with the aim in both cases of the maximum decrease in the dead volume. One of the "Biokhrom" 
domestic instruments is designed directly for the use of capillary columns. The preparation 
of glass capillary columns several tens of meters long can be carried out under laboratory 
conditions, but it is not so simple to obtain a column satisfying the necessary demands 
[23]. 

Inert sorbents of the "Chromaton"or "Chromosorb" type that arewidely used do not possess 
residual adsorption activity and can be used for separating such polar compounds as carbohy- 
drates. A fairly wide range of phases, depending on the type of volatile derivative, is 
used for the separation of carbohydrates. 

ANALYSIS OF MONO- AND 0LIGOSACCHARIDES 

The analysis of the monosaccharide compositions of natural or artifical mixtures, es- 
pecially those obtained in the hydrolytic cleavage of the carbohydrate chains of polysaccha- 
rides and of glycoconjugates is used most widely in the practice of the GLC of carbohydrates. 
The analysis of oligosaccharides with the aid of GLC is encountered comparatively rarely and 
it is connected with the determination of the composition of the oligosaccharides present 
inextracts from various natural sources and also with the separation and identification of 
the oligosaccharides formed as fragments in the cleavage of the carbohydrate chains of poly- 
saccharides and glycoconjugateso 

A rapid quantitativ~ ana&ysis of a mixture of mono- and oligosaccharides is achieved 
when they are in the form' of ~he corresponding trimethylsilyl ethers on a column containing 
SE-30 [24, 25] with high-rate temperature programming [24]4 To improve the separation of 
the monosaccharides it is desirable to carry out isothermal holding at 135=C for i0 min be- 
fore switching on the temperature program [7]. And although under these conditions no 
satisfactory separation of B-mannose and ~-galactose, is observed, information on the accu- 
rate ratio of the 5- and 8-anomers of mannose in a mixture permits the determination of the 
contribution of ~-mannose to the combined peak of mannose and galactose [7]. Attempts to 
use columns with SE-30 for the GLC of mixtures of 6-deoxyhexoses [26], of mono- and oligo- 
saccharides [27], and of methyl glycosides [28-31] have been described, satisfactory separa- 

388 



7 

~ 8 Io 13 

I f I ~,  | I ! 

~r~ 1~o ~z~ ~3~ 14¢ 15a /~ ~'Ta ~o j~ ~o 

Fig. i. GLC of a mixture of trimethylsilyl 
derivatives of methyl glycosides. 1-3) 
L-Fucose; 4, 6) D-mannose; 5, 7, 8) D-galac- 
rose; 9, i0) D-glucose; ii) D-mannitol (in- 
ternal standard); 12, 14, 16) N-acetyl-D- 
glucosamine; 13, 15) N-acetyl-D-galactos- 
amine; 17) N-acetylneuraminic acid. 

tion being observed in a number of cases. It has been shown that the best results in the 
separation of the trimethylsilyi ethers of methyl glycosides are achieved on a column con- 
taining OV-I [32] (Fig. i). 

Good results have been obtained in the analysis of a mixture of monosaccharides in the 
form of trimethylsilyl ethers using as the stationary phase XC-2-1 silicone oil, poly(tri- 
ethyleneglycol sebacate) [33], and OV-I [34]. The last-mentioned phase is effective for the 
GLC of a mixture of aldoses and ketoses in the form of the trimethylsilyl ethers of the 
corresponding oximes. Although each monosaccharide gives a Syn and anti isomer, conditions 
have been selected under which the isomers issue as a single peak on the chromatogram [15]. 
On columns containing OV-17 and OV-IOI 22 monosaccharides have,been successfully identified 
and it has been established that the retention times of the main!peaks for each monosaccha- 
ride and the ratios of the areas of the peaks of the anomers are~characteristic and repro- 
ducible. By the GLC of the components of honey using a column containing 3% of OV-101 it 
has been possible to separate and identify fructose, glucose, sucrose, raffinose, erlose, 
and melezitose [35]. 

A column with 1% of OV-101 has been proposed for the quantitative analysis of sugars in 
blood [36]. The results obtained relating to the concentrations of galactose, fructose, and 
xylose were close to the results usually obtained by colorimetric and enzymatic methods, 
but, in contrast to the latter~ only a very small amount of blood was necessary for analysis 
with the aid of GLC. 

The use of capillary columns subst~ntially increases the efficiency of separations [37]. 
With a capillary column (25 m × 0.25 mm) containing OV-101 good results were achieved in the 
separation of a mixture containing L-fucose, 2,5-anhydromannitol, 2,5-anhydrotalitol, 
D-mannose, D-glucose, myoinositol, and sialic acid (after previous de-amination) [30]. A 
similar capillary column (30 x 0.28 mm) has proved effective in the analysis of the neutral 
monosaccharides in tobacco [38]. A satisfactory separation of monosaccharides in the form 
of the trimethylsilyl ethers of the corresponding oximes has been observed in capillary 
columns containing OV-17 [39], SE-30 [40], and SP-2250 [41]. 

The analysis of a mixture of ribose, ribitol, ribonolactone, arabinose, and arabonolac- 
tone in the form of their trimethylsilyl ethers on polymethylphenylsiloxane oil showed that 
each component of the mixture gave a single peak on the chromatogram which permitted quanti- 
tative determination to be performed [42]. Complex separation of the trimethylsilyl ethers 
of arabinose, fucose, mannose, glucose, galactose, glucosamine, and galactosamine was ob- 
served when a column containing a mixed phase with 5% of neopentyl glycol succinate and 3% 
of Apiezon N was used [43]. Good results were obtained in the separation of xylose, mannose, 
and glucose, in the form of their trimethylsilyl ethers on a column containing 2.5% of 
SKTFT-50 silicone rubber [44]. 

The organosilicon polyether ECNSS-M is most frequently used as the liquid phase for the 
GLC of carbohydrates in the form of polyol acetates [45-48], although a definite disadvan- 
tage of this phase is its low maximum working temprature (220°C) and the short life of the 
~o~umn [49]. The use of a column with a phase containing 0.3% of 0V-275 and 0.4% of XF-II50 
makes i~ @o~sible to separate many carbohydrates in the form of polyol acetates, including 
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Fig. 2. GLC of a mixture of mono- 
saccharides in the form of polyol 
acetates on a column containing 3% of 
0V-225: i) fucose; 2) arabitol (in- 
ternal standard); 3) glucosamine 
(2,5-anhydromannose); 4) galactos- 
amine (2,5-anhydrotalose); 5) man- 
nose; 6) galactose; 7) glucose. 
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Fig. 3. GLC of 22 monosaccharides in the form of polyol ace- 
tates: i) glycolaldehyde; 2) D-glyceraldehyde; 3) D-erythrose; 
4) D-threose; 5) 2-deoxy-D-ribose; 6) L-rhamnose; 7) L-fucose; 
8) D-ribose; 9) D-arabinose; i0) 2,5-anhydro-D-mannose; ii) 
D-xylose; 12) 2,5-anhydrotalose; 13) 2-deoxy-D-galactose; 14) 
2-deoxy-D-glucose; 15) D-allose; 16) D~mannose; 17) D-galactose; 
18) D-glucose; 19) meso-inositol (standard); 20) D-glucosamine; 
21) D-galactosamine; 22) D-mannosamine. 

fucose and rhamnose which are not always well separated [50]. Good results are given by the 
use as liquid phase of Silar-10c [49]. The complete separation of ribose, 2-deoxy-D-glucose, 
mannose, galactose, glucose, glucosamine, and galactosamine has been achieved on a column 
containing 5% of Silar-10c [51]. The phase Silar-7CP has been uspA for preparation of 
fucose, 2-deoxyribose, 2-deoxyglucose, mannose, glucose, andgalactose in 20 min [52]. In 
the monosaccharide analysis of glycosides the separation of glucose, galactose, glucosamine, 
galactosamine, and arabinose was observed on a column containing 0V-225 [53]. This column was 
used successfully for the quantitative analysis of a mixture of xylose, galactose, glucose, 
glucosamine, and galactosamine, which are the main components of glycosphingolipids [54]. 
A satisfactory separation of the acetates of the polyols of neutral and aminosugars (in the 
form of the 2,5-anhydrosugars produced by the de-amination of the aminosugars with nitrous 
acid), except for the incomplete separation of the peaks of glucose and galactose from one 
another, was observed on a column containing a mixed phase (0.75% of HI EFF-IHP, 0.25% of 
EGSS-X, and 0.1% of 144-B) [55]. The complete separation of such a mixture was observed 
on a column containing OV-225 [56] (Fig. 2), which was also used for the complete separation 
of a mixture of rhamnose arabinose, xylose, 2-deoxyglucose, mannose, galactose, and glucose 
[18]. 

A column containing 0.525% of ethylene adipate on Chromosorb W (Tabsorb ®) permitted the 
separation of a large number of monosaccharides, in particular, the GLC of a mixture of 22 
monosaccharides has been described [57]. However, some pairs of compounds, such as fucose 
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and rhamnose, arabinose, and ribose, galactosamine and mannosamine, and some others, are 
separated only partially, which limits the use of this column for quantitative analysis 
(Fig. 3). 

Good results have been obtained in the separation of neutral monosaccharides and 
aminosugars in the form of polyol acetates on a column containing Poly A-103, with the com- 
plete separation of fucose, arabinose, mannose, and galactose, and also of glucosamine, 
galactosamine, and mannosamine; only glucose and galactose issue as a single peak [58]. 
This column was used in a sensitive method for analyzing the monosaccharide composition of 
a number of glycoconjugates which was based on the introduction of a label into the mono- 
saccharides on the formation of the polyols by reduction with sodium tritioborate [59]. The 
labeled polyol acetates obtained were separated with the aid of GLC and were analyzed by de- 
termining the level of radioactivity of each fraction. A flame-ionization detector was also 
used for detection. The two methods of detection gave approximatley identical results, but 
the first method required an amount of the initial substance for analysis two orders of mag- 
nitude smaller [59] which is sometimes of no little importance. 

D-Glucosamine and L-glycero-D-mannoheptose, which are components of bacterial endo- 
toxins, have been successfully separated and identified in the form of polyol acetates with 
the aid of chromato-mass spectrometry using a column containing SE-30 [60]. 

Capillary columns are widely used for the separation of carbohydrates in the form of 
the corresponding polyol acetates. Thus, the separation of monosaccharides on a column 
(20 m × 0.3 mm) containing a mixture of N-propionyl-L-valine-tert-butylamide polysiloxane 
with Witoconol LA 23 in a ratio of 9:1 has been described [61]. However, on this column there 
was an incomplete separation of rhamnose and fucose, of ribose and arabinose, and of some 
other pairs of monosaccharides. This column proved useful for the separation of 16 mono- 
saccharides, including three aminosugars [62]. However, 4-O-methylglucose and mannose were 
scarcely separated, and their successful separation was achieved by using a capillary column 
with the same phase but longer (35 m) [62]. In order to achieve the complete separation of 
rhamnose from fucose and of ribose from arabinose a capillary column (25 m × 0.25 mm) with 
0V-275 was used, the successful separation of ten polyol acetates being achieved [63] (Fig. 
4). The analysis of hexoses under isothermal conditions at 190°C has been performed success- 
fully on a capillary column (50 m x 0.2 mm) with the nonpolar liquid phase SP-2100, but ri- 
bose, fucose, rhamnose, and arabinose had very close retention times [64]. The good separa- 
tion of a large number of monosaccharides has been observed on capillary columns with the 
polar phases FAPP and PEG-20 m [64]. 

The corresponding aldononitrile acetates are widely used for the GLC of monosaccharides. 
A good chromatogram for nine monosaccharides has been obtained on a column with neopentyl 
glycol succinate [65]; it is considered that this is one of the best phases for the GLC of 
carbohydrates in the form of aldononitrile acetates [66-69] (Fig. 5). The separation of 
12 monosaccharides on a column containing 10% of LAC-4R-886 has been described [70], but 
fucose, ribose, xylose, and arabinose were separated only partially. The method has been 
used for the analysis of the neutral monosaccharide components of glycoproteins [71]. A 
column containing 5% of XE-60 has been used for the satisfactory separation of eight neutral 
monosaccharides and the methyl esters of D-galacturonic and D-glucuronic acids; however, 
fucose, quinovose, and ribose gave a single common peak on the chromatogram [72]. The 
separation of seven monosaccharides and ten polyols has been performed on a capillary column 
with SE-30 containing Silanox-101, but it was observed that fucose and xylose were not 
separated, while ribitol, fucitol, and arabitol were separated only partially [73]. The 
method has been used for the analysis of carbohydrates in samples of urine [73] and in the 
tissues of the crystalline lens of the eye [74]. The necessity sometimes arises for analyz- 
ing a mixture which, together with monosaccharides contains polyols. In such a case, the 
monosaccharides have been analyzed in the form of the aldononitrile acetates, and the polyols 
in the form of their acetates using a column containing 3% of neopentyl glycol succinate [66, 
68]. The satisfactory separation of arabinose, ribitol, xylitol, glucose, sorbitol, and 
dulcitol on a column containing 5% of QF-I has been reported [75]. The separation of hexos- 
amines in the form of acetates of O-methyloximes and that of neutral sugars in the form of 
acetates of aldononitriles have been performed on a column containing 1% of diethyleneglycol 
adipate [76]. Attempts have been made to unify and modernize existing methods for the 
analysis of neural monosaccharides, aminosugars, and the products of Smith degradation using 
a single column [77]. However, the proposed column containing 3% of OV-225 was characterized 

391 



~ ~, 

~f 20 ~5 rain 

3 

: I 

Fig. 4 Fig. 5 

Fig. 4. GLC of a standard mixture of i0 polyol acetates: i) 
erythritol; 2) rhamnitol; 3) fucitol; 4) ribitol; 5) arabitol; 6) 
xylitol; 7) mannitol; 8)dulcitol; 9) sorbitol; i0) myoinositol. 

Fig. 5. GLC of monosaccharides in the form of aldononitrile ace- 
tates: i) D,L-glyceraldehyde; 2) D-erythrose; 3) digitoxose; 4) 
L-rhamnose; 5) 2-deoxy-D-erythro-pentose; 6) D-ribose; 7) D~lyxo~e; 
8) D-arabinose; 9) D-allose; i0) D-mannose; ii) 2-deoxy-D-lyxo- 
hexose; 12) D-glucose; 13) D-galactose; 14) 5-thio-D-glucose 
(peracetylated); 15) D-glycerol-D-gluco-heptose. 
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Fig. 6. GLC of methyl glycoside N,O-trifluoro- 
acetates on a packed capillary column (7.0 x 0.5 
mm) with 11 of OV-210. 1-3) Fucose; 5-7, ii) 
galactose; 4) mesoinositol; 8, 12) mannose; 9, i0) 
glucose; 13, 17, 18, 20) N-acetylglucosamine; 
14-16, 19) N-acetylgalactosamine; 21) N-acetyl- 
neuraminic acid (peak 21 missing in Russian 
original -- Publisher). 

by a low efficiency and did not ensure the complete separation of glucose and galactose, 
of ribitol and glucosamine (in the form of 2,5-anhydromannose), and of fucose and ribose. 
The complete separation of ribose, arabinose, xylose, xylitol, mannose, glucose, galactose, 
and inositol has been achieved on a column containing 3% of HI EFF-3HP using programming of 
the temperature from 190 to 230* [78]. 

As already mentioned, the GLC of carbohydrates in the form of the corresponding polyol 
trifluoroacetates is employed more ~arely. These derivatives are used, in particular, for 
the analysis of the monosaccharide compositions of glycoproteins, the hydrolysis of which is 
carried out with trifluoroacetic acid [21]. Neutral monosaccharides and aminosugars have 
been analyzed separately on a column containing 2% of XF-II05. The satisfactory separation 
of fucose, arabinose (or xylose), and galactose was observed. Aminosugars are separated 
incompletely. The use of an electron-capture detector made it possible to perform the 
analysis of i-i0 pg of glycoprotein. A similar resuit was obtained in the analysis of 
monosaccharides under the same conditions but in the form of the trifluoroacetates of the 
corresponding methyl glycosides formed on the methanolysis of the glycoproteins [79]. The 
use of a capillary column with OV-210 [22], together with an electron-capture detector per- 
mitted the sensitivity of the method to be increased even further and the amount of glyco- 
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Fig. 7. GLC of diethyl dithioacetals of various 
aldoses on a SCOT column with SF-96: I) solvent; 
2) glyceraldehyde; 3) erythrose; 4) D-ribose and 
D-xylose; 5) L-arabinose; 6) inositol (internal 
standard); 7) L-rhamnose; 8) L-fucose; 9) 
D-glucuronic acid; i0) D-galacturonic acid; Ii) 
D-glucose; 12) D-mannose; 13) D-galactose; 14) 
N-acetyl-D-glucosamine; 15) L-acetyl-D-galactosamine. 

protein required for analysis to be decreased to 0.i ~g (Fig. 6). The use of a special 
nitrogen-specific thermionic detector for the analysis of aminosugars in the form of tri- 
fluoroacetates has also been described [80]. 

A comparative study of the GLC of carbohydrates in the form of trifluoroacetates and the 
trimethylsilyl ethers of the corresponding methyl glycosides has shown that the use of the 
trimethylsiiyl ethers is preferable since the preparation of the trifluoroacetates is char- 
acterized by low reproducibility and the possible occurrence of side reactions, while the 
separation itself requires a special selection of liquid phases and is not always satis- 
factory [32]. 

A rapid and convenient method for the analysis of aldoses in the form of the corre- 
sponding diethyl dithioacetal trimethylsilyl ethers was proposed in 1979 [81]. In this 
case, only one peak on the chromatogram corresponds to each monosaccharide. On a SCOT 
capillary column (50 m × 0.28 mm) with the liquid phase SF-96 at 225°C a good separation of 
14 aldoses was achieved (Fig. 7) [81]. A modification of this method has been proposed for 
the analysis of aminosugars in the presence of neutral monosaccharides and of uronic acids 
[17]. For this purpose, the aminosugars were first de-aminated with nitrous acid and this 
was followed by mercaptylation and the preparation of the trimethylsilyl ethers. Under the 
above conditions a good separation of neutral, basic, and acidic monosaccharides was 
achieved. The method has been used successfully for the analysis of a number of glycopro -o 
teins. 

In 1975, it was proposed to use the chromato-mass spectrometry of O-isopropylidene de- 
rivatives for the analysis of aldoses [82]. A rapid method that was developed for the quan- 
titative isopropylidenation of monosaccharides consists in the treatment of a mixture of 
monosaccharides with acetone containing 1% of sulfuric acid, and permits only a single de- 
rivative to be obtained from each aldose. On using a column with XE-60 and 0V-225, complete 
separation of mixtures containing fucose, arabinose, xylose, rhamnose, glucose, galactose, 
and mannose was observed. An analysis took 35-40 min. Subsequently [83], the method was 
extended to hexuloses and pentuloses with the aim of their identification and quantitative 
analysis. L-Sorbose, D-psicose, L-erythro-pentulose, L-threo-pentulose, D-fructose, D-galac- 
tose, and E-arabinose have been separated successfully on a column containing 0V-225. The 
method has been applied to the analysis of the products of the aldol condensation of trioses 
[83]. A method based on the use of the trimethylsilyl ethers of butylboronate esters, which 
are comparatively easy to obtain~ give a single peak on chromatograms for each monosaccha- 
ride and are well separated on a column containing 3% of 0V-225, has been proposed for the 
quantitative analysis of glucose and fructose in mixtures [84]. 

For the quantitative analysis of ribose in the presence of ribitol, glucose, and 
gluconic acid it has been proposed to use as derivatives the trimethylsilyl ethers of oximes: 
on a column containing 10% of SE-52 the complete separation of ribose from accompanying mono- 
saccharides was achieved [85]. Good results were given by the use of the trimethylsilyl 
ethers of N-ethoxycarbonyl derivatives of carbohydrates, although their preparation is com-]e 
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plex, including four stages [86]. In this case, to each aldose corresponded a single de- 
rivative, while for ketoses the formation of diastereomers was observed. By-products of the 
synthesis were formed only in insignificant amounts. Unfortunately, the phases OV-101 and 
Chirasil-Val used do not ensure the satisfactory separation of rhamnose from fucose and of 
galactose from mannose. The satisfactory separation of all eight aldohexoses in the form 
of the trifluoroacetates of O-methyloximes and of O-butyloximes has been observed in a 
capillary column with OV-225 [87]. 

Although the successful use of methylated polyols as derivatives for the GLC of the 
monosaccharides on a column with 3% of QF-I has been described [88], it is doubtful whether 
these derivatives are finding wide use because of the comparative great complexity of their 
preparation. 

For the performance of the GLC of aminosugars, as a rule, N-acetylation is required, 
and this is usually carried out before the preparation of the trimethylsilyl ethers [89-92], 
although good results are not infrequently given by secondary N-acetylation after trimethyl- 
silylation [90, 93], particularly if the reactionis performed on the chromatographic column 
by the combined introduction of acetic anhydride and the sample under investigation [93]. 

Recently, stable volatile acyclic derivatives -- O-methylaldoximes which are ~rmed by 
treating hexosamines with O-methylhydroxylamine -- have been used for the quantitative analy- 
sis of aminosugars with theaid of GLC [76, 94]. 

In the study of glycoproteins and glycolipids, the necessity frequently arises for the 
identification of neuraminic acid or its acyl (N-acetyl and N-glycolyl) derivatives. The 
chromato-mass spectrometry of the trimethylsilyl ethers or acetates of neuraminic acid and 
its various derivatives -- its methyl ester and glycosides, or the corresponding polyol -- are 
usually used for this purpose [95]. Recently, the acyclic O-methylketoximes of neuraminic 
acid in the form of the trimethylsilyl ethers, which are well separated by GLC on a column 
containing SE-52 and SP-2250, followed by identification with the aid of mass spectrometry, 
have been used for this purpose [96]. 

It appears desirable to consider the GLC of aldonic and uronic acids separately. 

The successful separation of aldonic acids is achieved by converting them into per- 
methylated derivatives [88] or trimethylsilyl ethers [15, 42, 97, 98] with the use mainly of 
the following liquid phases: SE-30, XE-60/EGS, QF-I, OV-I, and OV-17. Good results are 
given by a capillary column containing SE-30 [97]. For the analysis of glucuronic acids 
and their lactones with the aid of GLC, the trimethylsilyl ethers are most frequently used 
as volatile derivatives [12, 17, 90, i00] with columns containing SE-30 [12, 100]. Not bad 
results are obtained for other liquid phases, as well: XE-60 [12], and SE-52 and DC-200 
[99]. The effective separation of neutral monosaccharides and uronic acids in the form of 
t~imethylsilyl ethers of diethyl thioacetals is achieved in a capillary column with the 
phase SF-97 [17]. 

For the combined determination of glucuronic and galacturonic acids in the form of 
a!donitrile acetates of the corresponding methyl esters, GLC in a column containing 5% of 
XE-60 is used [72]. In this way a satisfactory Separation of glucuronic acids and neutral 
monosaccharides is achieved. 

Good results are also given by the GLC of uronic acids after their reduction to the 
correspondong polyols followed by their chromatography in the form of n-butylborates on a 
column with 3% of OV-17 [i01]. Definite interest is presented by a new differential approach 
to the analysis of mixtures of uronic acids and neutral monosaccharides [78]. It consists in 
analyzing the neutral monosaccharides in the form of the corresponding aldononitrile ace- 
tates, and the sum of the neutral monosaccharides and the uronic acids corresponding to them 
in the form of polyol acetates. The difference between the values corresponds to the amount 
of uronic acids in the mixture. 

In a number of cases, the separation of uronic acids in the form of permethylated de- 
rivatives of various glycosides has been described [102, 103]. 

The analysis of oligosaccharides does not differ fundamentally from the analysis of 
monosaccharides, but the higher molecular weights and polarities raise the demands on the 
volatilities of the derivatives of this class of compounds. Oligosaccharides are usually 
subjected to GLC in the form of corresponding trimethylsilyl ethers [7, 8, 24, 25, 27, 34, 
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35, 104-].12]. Numerous liquid phases are used for this purpose, but most frequently SE-30 
[7, 8, 24, 25, 106, 108, 112] and OV-17 [27, 104, 107], which give a good separation of the 
most diverse oligosaccharides both from one another and from monosaccharides. The efficiency 
of the separation rises appreciably when capillary columns are used [104, 107]. 

Attempts have been made to use polyol acetates as derivatives for the GLC of the oligo- 
saccharides [113, 114], but, because of the low volatility of these compounds the method has 
not come into wide use. 

The trimethylsilyl ethers of oximes obtained from oligo- and monosaccharides have been 
used successfully for quantitative analysis [114-119]. The separation in this way of su- 
crose, lactose, maltose, raffinose, and melezitose has been described. At the same time, it 
has been shown [119] that kojibiose, nigerose, cellobiose, neolactose, and melibiose each 
give two or three peaks on chromatograms obtained on columns with SE-52 and OV-17. This 
fact cancels the advantages of using oximes in comparison with the trimethylsilyl ethers of 
oligosaccharides. 

Good results have been obtained for the GLCIof oligosaccharides in the form of corre- 
sponding permethylated polyols on columns with SE-30 and OV-17 [120]. The use in this case 
of chromato-mass spectrometry for oligosaccharides having a N-acetylhexosamine residue at 
the reducing end permits the determination of the nature of the glycosidic bond in oligo- 
saccharides directly in a mixture. 

GLC AND THE METHOD OF METHYLATION 

The method of methylation is one of the main methods in establishing the structures of 
carbohydrate-containing compounds. GLC has considerably facilitated the separation and 
analysis of methylated sugars, although this problem is more complicated than the analysis 
of monosaccharides, which is connected with the large number of methylated derivatives for 
each initial monosaccharide. 

Methylated sugars are most frequently subjected to GLC in the form of polyol acetates, 
primarily because of the simplicity of their subsequent identification with the aid of mass 
spectrometry. Good results are obtained on a column with 3% of ECNSS-M [2, 121-130]. And 
although it gives a satisfactory separation of many partially methylated sugars, neverthe- 
less, because of the low thermal stability of the phase ECNSS-M, columns containing this phase 
can be used for only a short time. For this reason, the use of the phase 0V-225, which has 
similar characteristics but is distinguished by a higher temperature stability (up to 250°C), 
is recommended [50, 130-134]. Columns with 3% of 0V-225 are usually used for the separation 
of methylated sugars in the form of the polyol acetates. However, it has been found [134] 
that columns with 0.3-0.4% of OV-225 on Chromosorb modified with high-molecular-weight 
polyethyleneglycol ensure a better separation of the methylated derivatives of mannose and 
galactose than columns with 3% of 0V-225 or 3% of ECNSS-M. 

The separation of 2,4-di-O-methyl-L-rhamnose, L-rhamnose, and 2,4,6-tri-O-methyl-D- 
glucose in the form of the corresponding polyol acetates has been performed successfully on 
a column containing 20% of Apiezon [135]. It has been shown [136] that the Apiezons are 
frequently superior to ECNSS-M and 0V-225. Thus, for example, the tri-O-methyl ethers of 
galactose are well separated on a column with Apiezon T, while the separation of the methyl 
ethers of arabinose, rhamnose, and xylose on the same column is comparable with the results 
obtained on the phases ECNSS-M and OV-225. 

A large number of methyl ethers of arabinose, xylose, mannose, galactose, and glucose 
have been successfully separated on a column with a mixed phase containing 0.3% of 0V-275 
and 0.4% of XF-II50 [50, 137]. It is particularly important that the 2,3,6-tri- and 3,6-di- 
O-methyl ethers of glucose and galactose are separated on this column. The use of columns 
with OV-210 and with Carbowax 20M gives fairly good results [138]. The GLC of the methyl 
ethers of glucose, galactose, and 3,6-anhydrogalactose on a column with the phase Silar-10C 
leads to approximately the same pattern as in the case of the use of ECNSS-M, but Silar-lOC 
is characterized by a high thermal stability (up to 275°C) and this is undoubtedly very im- 
portant in the practical respect [49, 139]. The efficiency of the phase Silar-lOC rose 
appreciably when a capillary column (30 m × 0.28 mm) was used: On this, 32 methyl ethers of 
rhamnose, arabinose, xylose, glucose, galactose, and mannose, including the 2,3,4,6-tetra-O- 
methyl derivatives of glucose and mannose were successfully separated [139]. On the other 
hand, the peaks of 2,4,6- and 3,4,6-~ri-O-methylmannoses overlapped completely, which elimi- 
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nates the possibility of using this column for the structural analysis of mannans by the 
methylation method [139]. An advantage of a WCOT CP-SIL-5 capillary column (25 m x 0.25 
mm) as compared with an ordinary column containing 3% of ECNSS-M has been shown for the case 
of the separation of a large number of methylated derivatives of L-glycero-D-manno- and 
D-glycero-D-manno-heptoses [140]. Capillary columns are being used ever more frequently 
for the analysis of methylated sugars in the form of polyol acetates and give very good re- 
sults with the use of the most diverse phases: SV-30, OV-101 [141], OV-225 [142], and FAPP 
[64]. The suscessful separation of the large number of methylated derivatives of monosaccha- 
rides and aminosaccharides that are usually formed in the study of glycoproteins and their 
fragments by the methylation method, has been achieved on capillary columns containing 
Silar-9CP, Dexsil 410, and OV-101 [143]o In their polarities, the phases Silar-9CP and 
Dexsil 410 are close to ECNSS-M and OV-17, respectively, but are superior to the latter in 
thermal stability. The most effective is a column containing the phase Silar-9CP, which is 
characterized by the highest polarity. 

In a number of cases the ethyl ethers of sugars, which are distinguished by a high 
volatility, permit a better separation to be achieved than the methyl ethers [144]. In this 
connection, the use of both types of derivatives, supplementing one another, is recommended° 
This expedient may sometimes be justified, but it will hardly achieve wide use because of 
the methodological complications. 

The GLC of methylated sugars in the form of aldononitrile acetates is used compara- 
tively rarely, but interest in these derivatives is rising because of the possibility of 
their identification with the aid of chromato-mass spectrometry [65]. Columns with various 
phases are used for their separation: 5% of butanediyl succinate [145] and its mixture with 
5% of Apiezon L [146, 147], QF-I, SP-2340 [148], and 3% of OV-225 and 2°5% of tetramethyl- 
cyclobutanediyl succinate [149]. Separation of all possible methylated derivatives of glu- 
cose has been observed on columns with QF-I and SP-2340 [148], while the complete separation 
of the methyl ethers of L-rhamnose could not be achieved on columns with either QF-I, XE-60, 
or neopentyl glycol succinate [150]. 

As is well known, the methanolysis of methylated polysaccharides and glucoconjugates 
forms methyl glycosides of methylated sugars. They can be separated directly with the aid 
of GLC, but their acetates or trimethylsilyl ethers are not infrequently used for this 
purpose [2]. 

The partial separation of a series of methyl ethers of methyl a-D-galactopyranoside 
have been observed on a column containing Carbowax 6000 [151]. To improve the results, the 
mixtures were acetylated and chromatographed on the same column. On a column with diethyl- 
eneglycol adipate the a- and B-anomers of methyl 2,3,4,6-tetra- and 2,3,6- and 2~3,4-tri-O- 
methyl-D-galactosides were successfully separated [152], and a column containing 5% of 
Versamide 9000 has been used for the analysis of the products of the partial methylation of 
2,6-dideoxy-a-D-xylo- and -~-D-lyxo-hexopyranosides [153]. On comparing the possibilities 
of three phases -- ECNSS-M, DEGS, and BDS -- it was iound that the first of them gave a better 
separation of seven methylated ethers of ~-L-rhamnopyranoside [150]. 

Methyl glycosides are chromatographed considerably more frequently in the form of ace- 
tates and trimethylsilyl ethers. Thus, the methylated derivatives obtained on the partial 
methylation of ~-D-glucopyranoside have been satisfactorily separated,in the form of their 
trimethylsilyl ethers on a capillary column (48 m x 0.5 mm) with OV-i01 [154]. But here, the 
tri-O-methyl ethers and also the 2,3- and 2,4-di-O-methyl ethers, were separated only par- 
tially. The retention times on a column containing 3% of neopentyl glycol succinate for the 
tetra-, tri-, and di-O-methyl ethers of methyl ~- and B-D-glucopyranosides and their tri- 
methylsilyl derivatives have been given in the literature [155]. 

The acetates of methyl glycosides have found wide use in the study of the partial 
methylation of methyl glycosides. Polyester phases or QF-I are used for GLC with this aim 
[156]. Thus, acetates of the methyl glycosides of the methyl ethers of B-D-xylose [157- 
159], of B-L-arabinose [159, 160], and a-L-rhamnose [161] have been separated on a column 
with butanediyl succinate. Columns with neopentyl glycol succinate have also been used to 
separate ~-L-rhamnose derivatives [162]. A column with QF-I has been used for the analysis 
of acetates of methyl glycosides of methyl ethers of ~-L-arabinose, a-D-xylose, a-D-lyxose, 
and a-L-rhamnose [159], and a column with ECNSS-M for the separation of a-D-mannose deriva- 
tives [163]. In the examples given, as a rule, the complete separation of the methylated 
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sugars was observed, but it was not possible to separate the 16 products of the partial 
methylation of methyl ~-D-glucopyranoside on a single column containing neopentyl glycol 
succinate [164]: the 2,3-, 3,4- and 3,6-di-O-methyl ethers, and also the 2,6- and 4,6-di-O- 

methyl ethers, were not separgted. 

In the analysis of the methylated sugars obtained by themethanolysis of a permethylated 
sialoglycopeptide, use was made of the chromato-mass spectrometry of the acetates of the 
partially methylated methyl glycosides of ~- and ~-D-galactoses, D-mannose, D-glucose, and 
2-(N-methylacetamido)~2-deoxy-D-glucose using capillary columns (60 m x 0.35 mm) with Carbo- 
wax 20M and OV-101. 

Methylated amino sugars are usually subjected to GLC in the form of methyl glycoside 
acetates or polyol acetates using various liquid phases [166-171]. It has been shown [168] 
that a column with OV-17 is preferable to a column with ECNSS-M, but satisfactory results 
on chromatography are by no means always observed. In this connection it must be mentioned 
that on a column with OV-225 the 3,4,6-tri-, 3,6- and 3,4-di-, and 3-O-methyl ethers of 
2-(N-methylacetamido)-2-deoxy-D-glucose, in the form of their trimethylsilyl ethers, were 
separated completely [134, 172]. In recent years, chromato-mass spectrometry has been 
widely used for determining the nature of the bond of neuraminic residues in various 
carbohydrate-containing compounds [173-175]. Thus, the separation of the 4,7,8-, 4,7,9-, 
and 7,8,9-tri- and the 4,7,8,9-tetra-O-methyl ethers of the methyl glycoside of methyl 
N-acetyl-N-methyl-B-D-neuraminate and their acetates has been successfully achieved on a 
column with OV-17 [173]. A column with SE-30 has been used for the separation of the per- 
methyl and the 8-O-acetyl-4,7,9-tri-O-methyl derivatives of neuraminic acid [176]. 

The analysis of a number of methyl derivatives of neuraminic acid has also been per- 
formed on a column with OV-101 [174], while a capillary column with trimethylsilyl ethers 
as the volatile derivatives has also been used [177]. The separation of seven methyl ethers 
of the methyl glycoside of methyl N-acetyl-N-methyl-B-D-neuraminate in the form of trimethyl- 
silyl and acetyl derivatives has been described [178, 179]. 

Definite interest is presented by information [180] on the GLC of methyl ethers of methyl 
(methyl~-D-glucopyranosid)uronateand their trimethylsilyl derivatives, acetates, and tri- 
fluoroacetates on columns with XE-60, ECNSS-M, and butanediyl suceinate. The best results 
were obtained by the use of acetyl derivatives with BDS. 

GLC IN THE SOLUTION OF PROBLEMS OF CARBOHYDRATE CHEMISTRY 

GLC is not infrequently used for the analysis of products of reactions, for the quan- 
titative analysis of ~- and B-anomers, and for determining the D- and L-configurations of 
monosaccharides. In the study of the periodate oxidation of monosaccharides of methyl glyco- 
sides, and of a number of plant glycosides, the aldehydes formed have been analyzed, in the 
form of the trimethylsilyl ethers of diethyl dithioacetals with the aid of GLC [181-183]. 
GLC has been used for the separation of oximes of keto sugars obtained by the bromine oxida- 
tion of pentoses and hexoses in the form of methyl glycosides and polyols [184, 185]; for the 
analysis of the products of the oxidation of methyl ~-D-glucopyranoside with dimethyl sulf- 
oxide and acetic anhydride [186]; in the study of the oxidation of the methyl ethers of 
methyl B-D-maltoside [187]; in the analysis of the products of Smith degradation [124]; and 
in the identification of the mono-O-methyl ethers of aldoses after their oxidation with sil- 
ver carbonate on Celite [188]. To determine the D- and L-configurations of monosaccharides, 
the diastereomers of glycosides obtained in reactions with chiral alcohols (butan-2-ol, 
octan-2-ol), followed by their separation in the form of trimethylsilyl ethers on the 
capillary column with SE-30, have been used [189-191], and so also have esters of saccharic 
acids and optically active alcohols [190] in the form of acetates or trimethylsilyl deriva- 
tives. It has recently [192] been shown that the per(heptafluorobutanoyl) derivatives are 
very suitable for determining the configurations of the carbohydrates, permitting an excel- 
lent separation of the D- and L- forms of arabinose, fucose, xylose, and mannose, while the 
D- and L-enantiomers of glucose are best separated in the form of 6-O-trimethylsilyl-e-gluco- 
furanose 1,2:3,5-bis(methylboronate). The separation of the D- and L-forms of galactose and 
fucose in the form of peracetates of the corresponding bis(ethyl L-lactate) acetals has also 
been described [193]. The D-and L-forms of arabinose, lyxose, fucose, rhamnose, galactose, 
glucose, and m~nnose have been successfully separated in the form of the acyclic diastereo- 
isomeric dithioacetals obtained by the reaction of the monosaccharides with (+)-l-phenyl- 
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ethanethiol [194]. Here, the acetates or trimethylsilyl ethers were used as the volatile 
derivatives, being chromatographed on columns with SE-60 or SE-54. 

GLC has been used successfully for the quantitative analysis of the a- and ~- anomers 
of alkyl glycosides derived from D-galactose and D-xylose [195], methyl glycosides [196], 
and methyl rhamnopyranosides [197], and for determining the composition of the products of 
the isopropylidenation of D-ribose and D-arabionse [198], and of D-mannose [199]. In a study 
of the relative reactivities of the hydroxy groups of 1,5-anhydro-D-xylitol, the complete 
separation of all the partially acetylated derivatives, in the form of their trimethylsilyl 
ethers, was achieved on a capillary column with SE-30 [200]. GLC was performed under anal- 
ogous conditions in a study of the distribution of hydroxyethyl groups in the glucose resi- 
dues of starch after its reaction with ethylene oxide [201]. 

The separation of the benzyl ethers of benzyl a-L-rhamnopyranoside in the form of the 
corresponding acetates was performed on a column with OV-I [202], and the benzyl ethers of 
~-D-glucopyranoside were analyzed in the form of the trimethylsilyl ethers on a column with 
OV-17 followed by quantitative analysis with the aid of chromato-mass spectrometry [203]. 
The endo- and exo-isomers o~ benzylidene derivatives of a number of monosaccharides have 
been successfully chromatographed on a column with UCW-982, OV-I, and SE-30 [202, 204]. 
Glucosinolates in the form of their trimethylsilyl ethers have been successfully separated 
on columns with OV-I [205] and OV-17 [206] and so have partially acetylated methyl a- and 
~-glycosides and D-glucose, D-galactose, and D-mannose [207], mono-O-acyl derivatives of 
glucose [208], plant galactolipids [209], glucocorticoids [210], the methyl- and butylboro- 
nates of a number of methyl glycosides [211], the butylboronates of polyhydroxyalkylpyra- 
zines -- the products of the condensation of monosaccharides with ammonia -- [212], sugar 
osazones [213], and N-arylglucosamines [214]. 

Trimethylsilyl ethers have been used as the volatile derivatives in the GLC analysis 
of the products of the pyrolysis of cellulose [215] and the products of the radiolysis of 
D-ribose [216] and of D-glucose [217]. To determine the degree of polymerization of oligo- 
and polysaccharides a method has been proposed which is based on the determination,with the 
aid of GLC, of the ratio between the polyol acetate formed on the reduction of the terminal 
monosaccharide residue and the acetates of the aldononitriles obtained from the other links 
of the carbohydrate chain after the complete hydrolysis of the compound being analyzed 
[68, 218]. 

A quantitative analysis of uronic acids in glycuronoglycans has been based on the GLC 
determination of the carbon dioxide formed on the decarboxylation of the uronic acid resi- 
dues [219]. The amount of pentosans in a plant raw material has been determined by the GLC 
estimation of the furfural formed on hydrochloric acid treatment [220]. The quantitative 
analysis of pentoses, hexoses, and 6-deoxyhexoses has been performed with the aid of the GLC 
of the furufral, 5-hydroxymethylfurfural, and 5-methylfurfural obtained after the treatment 
of the sample being analyzed with concentrated hydrochloric acid [221]. The facts given 
indicate the great possibilities of GLC in the solution of numerous problems of carbohydrate 
chemistry. 

PREPARATIVE GLC OF CARBOHYDRATES 

This comparatively new and effective method for the preparative production of various 
carbohydrate derivatives did not find its merited wide use for a long time because of the 
general preparative difficulties of separating high-boiling compounds. However, in the last 
decade interest in this method has risen considerably in view of the promising production of 
authentic samples of methylated sugars. In 1973, preparative GLC was used for the prepara- 
tive separation of the methyl ethers of methyl ~-D-mannopyranoside [222]. A sample contain- 
ing 14 mg of a mixture of ii methyl ethers was deposited on a column (6 m x 0.92 cm) contain- 
ing 3% of Carbowax 6000, and, as the result of GLC, from 0.6 to 3.2 mg of individual com- 
pounds were obtained. The unresolved mixture of 2,3,4- and 3,4,6-tri-O-methyl ethers was 
chromatographed supplementarily in the form of the trimethylsilyl ethers. 

On a similar column containing butandiyl succinate, 9 mg of monomethyl ethers of methyl 
~-D-mannopyranoside was successfully separated, the yields of the individual compounds 
amounting to 1-2 mg [163]. 
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In order to obtain authentic samples of methylated derivatives of methyl ~-D-galacto- 
pyranoside [151], the latter was subjected to partial methylation, and the resulting mixture 
was first fractionated according to the degree of substitution with the aid of liquid 
chromatography on silica gel. 

The fractions obtained, containing compounds with the same degree of methylation, were 
deposited on columns containing Carbowax 6000 in an amount of i0 mg per column. The mix- 
tures that were not resolved by GLC were chromatographed additionally on a column containing 
butanediyl succinate. The yields of individual compounds amounted to 0.1-3 mg. 

In 1974, a large-diameter column (2 m x 1.4 cm) containing 10% of butanediyl succinate 
was used for the separation and preparative production of acetates of the methyl ethers of 
methyl ~-D-xylopyranoside obtained as the result of the partial methylation of the initial 
glycoside [158]. The use of a such a column with a high concentration of liquid phase 
permitted the successful separation of about 600 mg of mixture in one GLC cycle. Two columns 
were used for separating the acetates of the methyl ethers of methyl ~-L-rhamnopyranoside: 
a main column (2 m x 1.4 cm) containing 10% of butandiyl succinate, which ensured the sepa- 
ration of 300 mg of a mixture of almost all the methyl ethers, and an auxiliary column con- 
taining 3% of QF-I, on which the separation of a mixture 3- and 4-mono-O-methyl ethers, not 
separated on the main column, was achieved [161]. 

In order to fractionate a complex mixture of the products of the partial methylation 
of methyl ~-D-glucopyranoside [164] in the form of their acetates twofold liquid chroma- 
tography was first used. This achieved the complete separation of the tri-O-methyl ethers 
and the partial fractionation of the di- and mono-O-methyl ethers. The unresolved mixtures 
were deposited in an amount of 100-300 mg on a column (2 m x 1.4 cm) containing 10% of neo- 
pentyl glycol succinate, and as a result all the methyl esters were obtained in the individ- 

ual state. 

Thus, it appears desirable for the preparative GLC of methylated saccharides to use 
columns of large diameter containing high concentrations of liquid phase (up to 10%). In 
spite of the fact that the efficiency of such columns is comparatively low [158], they per- 
mit the deposition of up to 1 g of mixture and the production directly or with the aid of 
additional fractionation of authentic specimens in the individual state with yields of up to 
several hundreds of milligrams, which is sufficient for performing a large number of struc- 
tural and analytical investigations. 

CONCLUSIONS 

The period of establishing GLC in carbohydrate chemistry is long past, and in recent 
years the process of improving and modernizing the procedure and of expanding the sphere of 
application of the method has been proceeding. There is no doubt that GLC has become a 
universal method for solving numerous analytical and structural problems of carbohydrate 
chemistry and for obtaining a number of difficultly accessible authentic specimens. Chroma- 
tography in capillary columns, which, as a rule, is distinguished by a very high efficiency 
of separation and which requires only small amounts of the initial samples for analysis, is 
being used ever more widely. 

It may be assumed with confidence that in the near future GLC will receive new develop- 
ment and will even further expand its sphere of application in carbohydrate chemistry. 
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MODIFICATION OF THE TITRIMETRIC METHOD OF ANALYZING PECTIN SUBSTANCES 

S. P. Afanas'ev, ~. P. Panova, 
G. N. Katseva~ E. P. Kukhta, 
and V. Ya. Chirva 

UDC 547.917+543.2 

A potentiometric variant of the titrimetric method of analyzing pectin substances 
has been developed which is distinguished by adequate accuracy and good repro- 
ducibility. The modified method has been tested on methyl (methyl 2,3-di-O- 
methyl-~,B-galactopyranosid)uronate and has been used for determining the free 
(Kf) and esterified (K e) carboxy groups of the pectin substances of mint. The 
methods of isolating, purifying, and fractionating the pectin substances and 
determining their Kf and K e values are given° Formulas are presented for calcu- 
lating the percentage values of Kf and K e, 

The development of methods for the complex utilization of the wastes of a number of pro- 
cessing sectors of the national economy is widely based on biotechnological processes at the 
present time [1-3]. Acidic polysaccharides that are valuable for the food industry and for 
medicine can be obtained both from wastes of a food nature (apple pomace~ sugar-beet pulp, 
citrus rind) and also from nonfood wastes [4-6]° 

To evaluate the practical suitability of the acidic polysaccharides obtained, rapid 
methods of determining the quality and, in particular, the amount of free carboxy groups, 
and also the degree of their esterification, are important. The methods described in the 
literature [7-10], and also the widely used titrimetric method [ii], have a number of dis- 
advantages and require certain corrections. The disadvantages include, in the first place, 
the large size of the sample of substance to be determined (of the order of 1 g) and, in the 
second place, the fact that in the determination of the amount of esterified carboxy groups 
the excess of HCI (0.5 N) is back-titrated with dilute NaOH solution (0.i N) in the presence 
of Hinton's mixed indicator, the color of which changes slowly~ this interferes with the 
strict fixation of the equivalence point. 

M. V. Frunze Simferopol' State University. Translated from Khimiya Prirodnykh Soedin- 
enii, No. 4, pp. 428-431, July-August, 1984. Original article submitted August 8, 1984. 
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