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The first attempts to separate sugar mixtures by thin-layer chromatography 
were made in Ig611-4 and papers concerning this problem have continued to appear. 
Silica gel G 69 0, kieselguhr’, gypsum*, cellulose powder0 as well as silica gel and/or 
kieselguhr impregnated with boric acid, sodium tetraborate, bisulfite and ace- 
tatel--Q~O~ r”-~2 have been used on chromatoplates for the separation of carbohydrates 
and many different solvents were employed as developers. However thin-layer chro- 
matography of carbohydrates did not gain general acceptance in research work. 
Poor separation of some of the more common sugars and the low capacity of the chro- 
matoplates are two disadvantages. Therefore at present paper chromatography is 
usually used in most laboratories for sugar separations. Recently thin-layer chromato- 
graphy on silica gel impregnated with sodium dihydrogen phosphate or sodium mono- 
hydrogen phosphate in phosphoric acid was successfully used139 14. Our data also 
suggest excellent results in this case. 

The present paper studies the effect of (a) the type and concentration of the 
impregnating salts, (b) the total sugar concentration in mixtures and (c) the solvents 
and temperature on sugar separations on impregnated silica gel. 

EXPERIMENTAL 

Preparation of the ch~omato$lates 
35 g of silica gel “KSK” (200 mesh and more), washed free from impurities be- 

fore use, were mixed with 2.5 g of gypsum in IOO ml of the inorganic salt solution 
of the required concentration. The suspension obtained was applied to the glass 
plates at a thickness of about 0.5 mm. These plates are allowed to stand for 24 h at 
room temperature and then used for chromatography. 

Procedzcrs 
For chromatography I y. sugar solutions in 70 y0 aqueous ethanol were em- 

ployed. An aliquot containing a suitable quantity of the pure sugars or their mixtures 
was applied to the plates with a micro-pipette. The plates were developed by the * 

ascending technique: The following solvent systems were employed : 

(I) ut-Butanol-acetone-water (4 : 5 : I, v/v), 
(2). +Propanol-water (85 : 15, v/v), 

(3) ?z-Butanol-pyridine-water (8 : 4 : 3, v/v), 
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(8) 
(9) 

(10) 

The 

Ethyl acetate-+propanol-water (4: I : 2, v/v), 

Ethyl acetate-acetic acid-water (6: 3 : 2, v/v), 

?z-Butanol-ethanol-water (2 : I : I, v/v), 

Ethyl acetate-pyridine-water (2 : I : 2, v/v), 

+Butanol-methanol-water (5 :3 : I, v/v), 

?z-Propanol-pyridine-water (5 : 3 : 2, v/v), 

N-Butanol-ethanol-o. I M phosphoric acid (I : IO : 5, v/v), 

uc-Butanol-ethanol-o.1 N hydrochloric acid (I : IO : 5, v/v), 

Ethanol-formic acid-water (5 : I : I, v/v), 

Ethyl acetate-pyridine-water (20: 13 : 15, v/v). 

detection reagents used were as follows: (I) cont. sulfuric acid at IIO"/IS 
min, (2) aniline hydrogen phthalate at 105"/15 min and (3) Tollens’ reagent. 

RESULTS AND DISCUSSION 

Attempts to separate sugars on silica gel in the presence of 0.01-0.3 M solutions 
of KCI, NaN03, K,SO,, KCNS, Na,C03, Na$O, and ZnCl,‘were unsuccessful. All the 
spots obtained were shown to have an unsatisfactory elongated form and no separation 
of the sugars was observed. Nearly circular spots were obtained when sodium mono- 
and dihydrogen phosphate, bicarbonate and tungstate and disodium phenyl phos- 
phate were employed as additives to the silica gel. In a number of cases a good sugar 
separaticn was achieved. Impregnation of silica gel with sodium bisulfite, acetate and 
tetraborate or boric acid gave rise to satisfactory spots and good separation of the 
sugars only when there were low sugar concentrations (5-30 pg) in the mixture. 
Higher sugar concentrations were found to lead to elongated spots. 

Tables I-VI illustrates the best results obtained for sugar separation. ,For com- 
parison the results obtained on pure silica gel are given in certain cases. As may be 
seen from Tables I and IL higher Rp values and unsatisfactory separation were ob- 

TABLE I 

CHROMATOGRAPHY OF MONOSACCHARIDBS AND THEIR MIXTURES ON SILICA GEL THIN-LAYERS* 

- 

cOWZ3’JO~U?ZdS PWC Silka gel imjwegnatccl will8 
silica.geZ - 

0.3 1M 0.4 M 0.2 M 0.15 M 0.05 M 
Na,NPO, NaHCO, AcONa NaIZSO, Na,PhPO, 

Solwlts I 5 I 3 I 2 6 8 I 2 I 

Galactose 65 50 12 17 26 IS 17 II 51 22 39 
Glucose 6.5 59 I3 21 3” 23 2G I9 51 23 47 
Mannose 06 63 rg 29 33 24 29 so 53 24 so 
Arabinoso 66 

2: 
20 30 so 53 24 49 

Xylose 65 44 3”3 ;x :‘: 29 53 27 57 
Fucosc 68 64 3: - - 

. Rh’amnose 
31 - 54 - 

72 73 49 2: 45 39 37 46 55 54 2”; 
Monosaccharide 

mixtures N P S S I? I? I? l?N I? I? 

* RP x IOO values arc given. The total sugar concentration in mixtures &as not more than 
r~oo-500 /Lg. N = No separation of mixtures; P = partial separation of mixtures ; S = satis- 
factory separation of mixtures. 
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TABLE II 

CHRO&ihTOGRAPHY C)B OLIGOSACCHARIDES AND THEIR MIXTURES ON SILICA GEL THIN LAYERS* 

Com.poarnds Pu& 
silica geL 

Silica gel impvegnated wilk 

0.3 M 
rVa,NPO, 

0.15 M 0.05 M 
NaHSQ, ,Na,PhPO, 

Sohent No. z I IO II I I 

Sucrose 
Ccllobiosc 
Maltose 
Trehnlosc 
Raffinosc 
Oligosnccharide 

mixtures 

53 Remains 42 53 35 40 
45 at the 39 49 29 33 
45 start 35 47 29 34 
45 31 45 27 31 
32 29 40 12 24 

N S P 1’ S 

* See footnote to Table I. 

TABLE III 

CRROMATOGRhl’HY OF URONIC ACIDS AND THEIR MIXTURES ON SILICA GEL THIN LAYERS* 

Com$ozc?zds Silica gel impveg- 
nated with 0.3 M 
Na,NPO, 

Solvent No. IO 11 

Galacturonic acid 
Glucuronic acid 
AMannuronic acid 
Glucuron 
Mannuron 
Uranic acid mixtures 

S 
‘2 7 
23 
50 
36 

S 

16 
26 

3535 
46 

S 

l See footnotc to Table I. 

TABLE IV 

CHROMATOGRAPHY OF MONOSACCHARIDES AND THEIR MIXTURES ON SILICA GEL THIN LAYERS IM- 

PREGNATED WITH SODIUM DIHYDROGEN PI<OSPHATE* 

Compoztnds Molavity of sodiztm diltydvoge?a phosphate 

0.3 0.2 0.07 

SoZvcnt No. I 2 3 4 5 6 7 8 g 10 I 3 5 6 1 3 5 6 

qa1actose 13 19’ 12 01 13 11 og IS - 45 15 14 16 15 34 37 36 33 
Glucose 1g 20 16 03 15 15 14 22 - 52 23 26 16 25 42 48 38 40 
Mannose 25 23 23 04 19 19 15 26 40 57 29 31 19 31 46 56 39 47 
Arsbinosc 2G 20 22 05 23 16 17 24 40 55 30 29 20 28 45 55 41 44 
Xylose 41 33 34 07 27 27 23 40 5* 64 44 46 27 38 55 64 48 53 
Fucose 36 - - - -. 30 35 50 66 65 42 51 27 38 49 68 47 49 
Rhamnose 6~ 53 59 2s 47 48 51 66 71 79 57 61 39 56 57 73 55 5s 
Monosaccha- 

:I; ride mix- 
“. turcs sl?ssssssPPssl?sl?l?PP 

* See footmotc to Table 1. 
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CWROMATOGRAPWY OF OLIGOSACCWARIDES AND THEIR MIXTURES ON SILICA GEL TWIN LAYERS 

J~MPREGNATED WITH SODIUM DIHYDROGEN PWOSPWATE * 

Compounds Molarity qf sodium dihydrogcn phosphate 

0.3 0.2 0.07 

Sozve?l t No. I I G I ra** 

Sucrose 19 
Cellobiose Remain II 

Mzdtose on the 12 

Trehalose start 06 

Raffinosc 00 
Oligosaccharicle mixtures N I? 

IO 39 64 
I7 31 
18 30 ;z 

00 23 48 
00 I4 
I? S :9 

l See footnote to Table I. 
* * I a = Twofold clevclopment with solvent system I, 

TABLE VI 

CWROMATOGRAPMY OF URONIC ACIDS AND THEIR MIXTURES ON SILICA GEL THIN LAYERS IMPREGNATED 

WITH SODIUM DIHYDROGEN PNOSPHATl%* 

Compounds 

Solveltl No. 

Molarily of sodium dikydrogen phos$kate 

0.3 0.2 0.07 

IO II I2 IO XI JO II 

Galacturonic acid 
Glucuronic acid 
Mannuronic acid 
Glucuron 
Mannuron 
Uranic acid mixtures 

I4 2s 

37 41 ;: 
I6 15 30 
35 z:, 34 

42 45 ;i 41 3; GO 42 
51 - 70 
z7 60 

g 2; 
2: 

S P S S 7p’ I? 

l See footnote to Table I. 

served in this case. Tables I-III demonstrate that satisfactory separation of carbo- 
hydrates was obtained on silica gel impregnated with 0.3 M sodium monohydrogen 
phosphate. The best separation was observed on silica gel in the presence of sodium 
dihydrogen phosphate. 0.07, 0.2, 0.3 and 0.6 M solutions of sodium dihydrogen 
phosphate were used to determine the optimal impregnating concentration. The best 
results for monosaccharides were obtained on silica gel impregnated with 0.2 or 
0.3 lW solutions of inorganic salts (Tables IV and VI). Thin-layer chromatography of 
oligosaccharides was better when using silica gel in the presence of o.og-0.1 M salt 
solutions (Tables II and V). There was no separation on silica gel impregnated with 
0.6 J4 salt solutions. 

Sugar acid mixtures are known to separate only on silica gel in the presence 
of acid solvent systemsP, as a rule the separation being poor because of unsatis- 
factory elongated spot forms. However the application of silica gel impregnated with 
sodium mono- and dihydrogen phosphate has resulted in satisfactory separation. 
The best results are observed when an 0.2 M salt solution is employed (Tables III and 
VI), The determination of the capacity of silica gel thin layer impregnated with 0.3 M 
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dium dihydrogen phosphate demonstrated that sugars gave well shaped spots 
without “tailing”) at a concentration of not more than 400 pg. A good separation of 
lgar mixtures occurred when the total sugar concentration was not more than 
~0-500 ,ug. Unlike the case of paper chromatography, separation of carbohydrates 
1 thin layers of silica gel in the presence of sodium mono- and dihydrogen phos- 
rate is considerably less influenced by inorganic salt impurities which are often 
ntained in the hydrolysates of carbohydrate derivatives. In our institute the above 
eocedure was successfully used in studying the hydrolysates of various polysacchari- 
3s and glycosides. This shows that the above method may be widely used .in research 
:oblems. Chromatography at elevated temperatures (30-50”) increases the Rp 
Llues by 5-15 o/o and slightly influences the quality of the separation. 

A great number of reagents was employed for detection. The most convenient 
res are those given in the experimental section. The detection limit was 0.5 pg. 
satisfactory separation of sugar alcohols was also observed on silica gel impregnated 
ith sodium mono- and dihydrogen phosphate ; however, spot detection was difficult, 

Impregnation of silica gel with inorganic salts seems to decrease sugar adsorp- 
on on silica gel and results in well shaped spots. Sugar solubility in inorganic salt 
blutions is known to increase with the increase of salt concentration within certain 
nits. This leads to higher solubility of the sugar in the stationary phase, to decrease 
i RF values and consequently to better separation. As may be seen from Tables 
-VI acid salts of strong bases as well as weak or medium acids are the most suitable 
br silica gel impregnation. 

JMMARY 

The separation of carbohydrates on thin layers of silica gel is due first of all 
I the type and quantity of impregnating salt. 

The results of chromatography of carbohydrates on thin layers of silica gel in 
re presence of sodium mono- and dihydrogen phosphate are often better than those 
E paper chromatography (e.g. a good separation of complex mixtures, less sensi- 
vity to inorganic impurities, and faster separation). 

The present method can be recommended for the study of the monosaccharide 
3mposition of oligo- and polysaccharides. 
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