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SUMMARY 

The separation of a large number of sugars by means of bidimensional thin- 
layer chromatography is described. 

Factors which influence separation of carbohydrates on silica gel impregnated 
with boric acid, and the limitations of the monodimensional technique are investi- 
gated and discussed. 

. _’ 

Many attempts to ‘separate. sugar mixtures by thin-layer chromatography 
have been made since STAHL'S first experiments19 2. Results obtained with all known 
adsorbents, and with many differem types of ,impregnant and solvent mixtures. have 
proved unsatisfactory”-“1. Identification. of many of the most important sugars was 
highly dubious. 

: 8 . . 

Ovouov et a1.l’ have recently stressed that “poor separation of some of the more 
common sugars and the low capacity of the chromatoplates” are responsible for the 
lack of general acceptance of thin-layer chromatography in research work on carbo- 
hydrates. 

The purpose of our work was to esplore the limits and possibilities of thin- 
layer chromatography on silica gel impregnated with boric acid for carbohydrates. 

EXPERIMENTAL 

Pre;bnraEio?z of Cke chromatoj5lates 
30 g of silica gel, TLC grade, without binder (Fluka DO), was mixed with an 

0.03 M H,BO, solution (2 .I g of H,BO, in I 1 of distilled water). The suspension obtain- 
ed was apljlied in the usual manner to the glass plates (0.3 mm layer). These plates were 
dried for 24 h at room temperature. They were then activated for one hour at 1x0’. 
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Suqbtes 
The following pure sugar samples* were used : 

1~OnOSaGGhWideS Oligosaccharides a-Methyl derivatives 

Iiibose 
kabinosc 
Xylosc 
Lyxoso 
l3lcosc 
Rhamnoso 
Glucose 
Galactosc 
Mannosc 
Levulose 
Sorbosc 
Mannohcptulosc 

Sucrose 
Turanose 
Maltose 
Lactose 
Trchalosc 
Kaffinose 

a-:\Iethyl-D-glucoside 
a-illethyl-D-mannoside 

.-_._-__- ___- - .- -.-. --- ._ 

f~lo7zoai7ne7asio7znl clzvo7nntogru~hy 
IO mg of each sugar were dissolved in 2 ml distilled water; r ,~l of each solution 

(= 5 ,ug of sugar) was applied to the chromatoplate with a micropipette in the usual 
manner. The chromatoplate was then placed in a tank containing the developing 
solvent system, the walls being lined with tilter paper impregnated with the developing 
solvent. The plates were so slightly tilted that they were practically upright. The 
room temperature was kept at 22O. 

The following solvent systems were employed: 
(I) *z-Butanol-boric acid, I M (0: I) 

(2) 9t-Butanol-acetone-water (4 : 5 : x) 

(3) It-Butanol-acetic acid-water (4 : I : 5) 

(4) gz-Butanol-pyridine-water (8 : 4: 3) 
(5) rz-Butanol-pyridine-acetone-boric acid, x M (60 : 3 : 20 : 17) 
(6) ?z-Butanol-isopropanol-water (3 : 5: 2) 

(7) Ir-Butanol-ethanol-water (2 : I: I) 

(3) ?z-Butanol-ethanol-phosphoric acid, 0.1 .li (I : IQ : 5) 
(9) Is-Butanol-ethanol-hydrochloric acid, 0.x 1\’ (I : I0 : 5) 

( XO) n-Butanol-methanol-water (5 : 3 : I) 
(II) ti-Butanol-ethyl acetate-boric acid, I ~14 (70: 15: 15) 
(I 2) n-Butanol-ethyl acetate-pyridine-water (2 : 3 : 2 : 3) 
(x3) 
(x4) 

rc-Butanol-ethyl acetate-isopropanol-acetic acid-water (35 : x00 : 60 : 35 : 30) 

Pt-Butanol-ethyl acetate-isopropanol-acetic acid-water (3 : IO: 6 : 6 : 3) 

(X5) It-Propanol-water (85 : 15) 
(x6) Pt-Propanol-acetic acid-water (4: I : 5) 
(17) n-Propanol-acetic acid-boric acid, I M (4 : I : 5) 
(x8) Is-Propanol-pyridine-water (5 : 3 : 2) 
(19) n-Propanol-ethyl acetate-water (I : 4 : 2) 

(20) Ethyl acetate-acetic acid-water (6 : 3 : 2) 
(2 I) Ethyl acetate-pyridine-water (2 : I : 2) 

(22) Ethyl acetate-pyridine-water (3 : I : 2) 
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Ethyl acetate-pyridine-water (3 : 3 : 2) 
Ethyl acetate;tiyridine-water (4 : 3 : 2) 
Ethyl acetate-$yridine-boric acid, I A4 (2 : I : 2) 

Ethyl acetate-acetic acid-boric acid, 0.1 N (3 : I : 3) 
Ethyl acetate-isopropanol-water (65 : 22 : II) 
Ethyl acetate-isopropanol-acetic acid-water ( IOO : 60 : 35 : 30) 
Ethyl acetate-isopropanol-water (100: 60: 30) 
+z-Butanol-metlianol-boric acid, 0.03 IM (5 : 3 : I) 
gz-Butanol-acetic acid-water (5 : 4: I) 
Ethyl acetate-acetic acid-methanol-water (60 : 15 : 15 : IO) 

Isopropanol-ethyl acetate-water (7: I : 2) 
Chloroform-methanol (6 : 4) 
Isopropanol-water (4: I) 
Acetone-water (g : I) 

Acetone-water-chloroform-methanol (8 : 0.5 : I : I) 

Methanol-chloroform-acetone-ammonia (28 Be) (5 : 2 : 3 : 2) 
Methanol-chloroform-ammonia (28 Be) (6 : 4 : 0.7) 
H-Butanol-ethy.1 ether-water (4: 5 : I) 
m-Butanol-ethyl acetate-isopropanol-water (200 : IOO : 70 : 35) 
tin-Butanol-ethyl acetate-isopropanol-water (35 : IOO : 60 : 30). 

The .RI;~ values relative to each solvent are reported in Table I. 
DeEectioti of the qbots. After development, the chromatoplate was dried at room 

temperature for a short time. It was then heated in a IIO O oven until the odour of tlie 
solvent could no longer be detected (- I 11). 

,TABLE I 
Rp VALUES ( X 100) OF CARBOHYDRATES WITH EACH SOLVENT SYSTEM LISTED IN THE TEXT 

Carboirydrate RF values (x roe) 

I 2 3 4 5 6 7 8 cj IO II 12 r3 rL# IS rt 

Ribose 23 =7 42 39 32 33 39 57 53 44 
Arabinose 21 33 39 44 37 39 40 58 48 46 
Xylose 28 36 34 4= 37 42 41 58 59 48 
Lyxosc 29 36 29 47 34 43 41 57 64 50 
Fucose 25 49 25 51 36 42 39 59 67 54 
,Rhamnose 33 60 37 52 43 45 43 60 67 64 
Glucose 20 36 46 52 35 41 62 60 55 
i3a1actose 18 “3 44 47 

3: 
35 40 61 61 51 

Mannose 26 33 32 51 46 42 45 59 57 47 
Levulose I9 11 37 34 26 31 34 57 51 37 
Sorbose 12 IO 47 29 I.7 25 30 54 41 25 
Mannoheptulose I7 , 13 30 38 24 33 35 55 4* 

,’ Sucrose . 15 36 45 56 40 37 40 65 2: 55 

Turanosc 15 32 37 44 25 35 31 65 Maltose 11 33 41 49 31 37 35 z; 56 ;87 
; Lactose ; 18 44 47 27 27 31 62 63 42 
Trehalosc 36 20 46 27 34 
Raffinosc 3. rg 26 42 20 26 

2,” @& 65 -47 
62 32 

,a-Methyl-D-glucoside 22 6r zg 51 36 43 38 63 64 58 
:or-Methyl-D-manncsidc 28’ 64 36 51 42 46 43 65 66 62 

20 42 
22 43 
25 4.4 
26 47 
24 48 

9: 5= 46 
16 46 
25 45 
13 41 
IO ag 
I2 38 
13 48 
Z 40 

41 

5 7 zz 
2 4= 

25 48 
3* 52 

48 53 36 68 
5: %Y 44 45 68 

45 48 48 z: 

%: ‘$ 5= 47 69 65 
37 39 45 33 35 41 6”; 

;84 4r 38 32 49 6g 70 

2; 38 29 71 70 

29 44 69 
25 22 40 63 
26 25 43 68 
=7 18 33 67 
2I 22 38 68 
13 16 32 

;: 5*: 
%! 

;: 68 
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The heated chromatoplate was then sprayed with a freshly prepared solution 
of 20 mg of naphthoresorcinol, IO ml of ethanol and 0.2 ml of cont. I&SO,. After a 
few mi:utes at room temperature, well-defined and vivid spots appear against a white 
background. The white background darkens if the chromatoplates are heated after 
spraying (as is generally advised in the Iiterature)3v i6s 2x. 

The colours that appear are given in Table II. It should be noted, however, 
that the colours change slightly depending on the concentration of the sugar. 

Bidimensiorcal clzromalogru~hy 
A mixture of IO mg of each of the 20 sugars was dissolved in z ml distilled water. 

I ~1 of the solution (containing 5 ,~g of each sugar) was applied with a micropipette to 
the lower right-hand corner of the chromatoplate about 2.0 cm from each of the edges. 
The chromatoplate was then placed in the tank as described in the section on mono- 
dimensional separations. 

The following solvent systems were employed: 

Run I: Solvent No. 35 
a 

Run II: Solvent No. 13 

b Run I: Solvent No. 42 

Run II: Solvent No. 13. 

The results obtained with the above pairs of solvents are illu..+rated in Figs. I and 2. 

After the first clevelopment, the chrotnatoplate is dried for I h in an oven at 
40-50 =. 

______-._-_ _. _ _._ _.-____.-- 
IS xg 20 22 22 =3 2-t 25 26 27 2s 29 30 31 32 

_.__I_ ___._ __. ___~_.__ _.~. ___. _ 

39 44 -I3 45 71 -+8 -17 31 I3 52 bo 22 29 OS 5-t 

3; 52 51 41 48 49 57 44 73 65 G8 Gz 71 44 51 22 I6 57 44 65 74 38 30 40 5’ 63 51 43 64 
2: 53 58 47 53 59 62 G3 G5 51 

46 67 74 75 54 
24 25 55 53 74 74 41 

41 
49 55 51 53 59 59 

64 65 57 62 G9 78 79 57 35 63 75 52 62 54 69 
59 50 35 55 68 74 74 51 8 40 66 26 53 65 44 
51 48 31 5G 70 G3 63 43 9 40 65 24 46 Go 40 

5.5 48 40 53 60 G8 66 G6 14 45 69 31 53 65 4’ 
35 47 33 45 71 40 44 19 G 4G 64 16 24 68 43 
33 5G 42 57 64 36 33 11 4 47 6G II 18 65 45 
2: 41 2G 62 44 43 25 27 4G 48 

49 
35 26 

6272 
?- 

4 
:4 

52 
2 

34 
66 75 

23 55 54 34 
58 59 25 47 68 71 71 49 4 34 68 “5 45 3= 35 
58 49 41 5G 68 84 82 48 3 28 69 I9 52 4G 25 
56 50 15 51 73 67 67 34 3 24 64 12 39 42 21 

G& 63 18 46 70 80 77 42 3 30 75 21 43 26 65 
62 55 11 39 GQ 66 6z ao I 23 48 12 26 29 16 

75 60 52 66 69 54 82 57 29 5s 69 4.5 62 52 62 

72 63 56 66 69 85 82 59 37 62 71 53 G3 54 67 

---- ---._I 
33 33 35 36 37 .?S 39 40 41 42 

48 22 

52 35 

2; ‘,: 

53 29 
48 17 
5G 23 
26 7 
21 6 

33 8 
G2 20 
5r 20 
62 23 
40 II 

6-t 25 
52 G 
GG 60 
66 G2 

35 3C’ 10 19 

55 52 36 33 
48 46 3x 35 
50 56 36 37 
58 66 37 35 
62 70 50 37 
61 54 35 19 
52 4“ 1 1.I 
57 52 31 -0 
33 22 9 I2 

24 16 8 (5 
29 24 IO 2 

70 59 32 3 
51 38 10 3 
G3 53 =7 3 
52 35 1,: : 
58 41 II, 

47 25 
67 74 c‘c 
6275 (. 

s 5 12 25 

18 3 “4 33. 
19 4 26 39 
18 4 26 37 
33 3 29 42 
34 12 41 57 
15 2 25 33 
II 2 17 26 

16 3 24 36 
5 2 8 rG 
51 3 8 
5 I 9 16 

I7 1 19 27 
9 0 I3 24 

14 0 I'; 21 
IO 0 6 I2 
19 II I3 20 

7 0 8 

55 4 337 53 
51 10 44 59 
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TABLE II 
COLOURS DEVELOPED 3°C SPRAYING THE CHROMATOGRAM WITH A NAPHTHORESORCINOL REAGENT 

Sugar 

Ridose 
Arabinose 
Xylose 
Lyxose 
Fucose 
Rhamnose 
Glucose 
Galactose 
Mannose 
Levulose 

COhW 

Silk-green 
.EUue-green 
Blue-green 
Blue-green 
Purple-red 
Cherry-red 
Gray-violet 
Gray 
Violet 
Dark red 

Sugar cozour 

Sorbosc Red 
Mannoheptulose Viol& 
Sucrose Crimson 
Turanose Purple-red 
Maltose Gray-violet 
Lactose Blue-violet 
Trehalose Blue 
Raffinose Orange-red 
a-Metllyl-P-mantoside Dlue 
oc-Methyl-D-glucoside Violet 

DetecCk of thd!s+&s. Detection of the spots was effected in the same manner as 
for the monodimensional chromatography. 

RESULTS AND DISCUSSION 

All 42 solvent .‘systems used with the monodimensional technique were defec- 
tive in some ,way. Iti was consistently observed that the resolution of the carbohy- 
drates was such that$nly a limited number of sugars could be separated. Even in the 
best chromatograms,, where spots were well-defined and sharp, the relative differ- 
ences among Rp values were never important enough to permit the identification of 
more than 6 to 7 sugars, at a time. j 

It was only by:resorting to 35 x 20 cm chromatoplates, .developed with solvent 
systems 13 or 14, th:at we were able to obtain g to IO well-separated sugars. This 
method, however, was time-consuming, since development took about 12 11. 

As far as the shape of the spots was concerned, it was observed that systems 
containing pyridine produced diffused and tailed spots. Solvents containing methanol 
or acetone often gave similar results. These same phenomena were accentuated when 
the solvent mixture combined either methanol and chloroform or methanol and ace- 
tone. Some of these solvents did, however, result in good separations, but, as stated 
above, the shape of,+e spots was poor. 

Developing time &ith the various solvents tias between 2.5 and 5 h; the solvents 
that. permitted a shorter developing time (whose principal components were always 
methanol or acetone,;; either combined with water or chloroform, or combined with 
each other) consistently yielded deformed and diffuse spots. 

All the solvent4 that contained boric acid gave well-shaped spots, but low 22~ 
values and poor sefiaration. 

The best results ,were obtained with solvent systems containing isopropanol, 
which favours t!le inigration of carbohydrates with a wider spectrum of RF values. 
Addition of a&k&d improved separation and sharpened the spots. 

The influgr:nce,of other solvents, such as N-butanol, ethyl acetate, ethanol, etc., 
is more difficul’. to asiess. 

The choi e of ‘ati o;o3 M boric acid solution for the impregnation of the silica gel 
was made on t x ba&, of the fact that lower molarity. solutions did not have a good 
effect on the :jhape of the spots’ and higher molarity solutions only reduced the 
RF values. 

q .c 
J 
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Fig. I. Bidimensional chromatography of carbohydrates. I = Ribose; 2 = arabinose; 3 = xylosc ; 
4 = lyxose; 3 = fucose; G = rhamnose; 7 = glucose; 8 =I galactose; g = mannosc ; ro = levulosc ; 

XI = sorbosc ; I 2 = mannoheptulose; r3 = sucrose; 14 = ‘turanose; 15 = maltose; r6 = lactose;. 
=7 = trehalose; 18 = raffinose; 19 = cc-methyl-D-&icosicle; 20 = a-methyl-D-mannoside. rst run 
= isopropanol-water (4: I) ; 2nd run = n-butanol-ethyl acetate-isopropanol-acetic acid-water 
(b3z;ozd 60 : 35 : 30). The remarkable separation of monosaccharides and oligosaccharides should 

. 

600’” 
019 

Fig. 2. Bidimensional chromatography of carbohydrates : Same sugars as in Fig. I. 1st run =I n- 
butanol+thyl acetatoisopropanol-water (35 : IOO : 60 : 30) ; 2nd run = n-butanol-ethyl acetate- 
isopropanol-acetic acid-water (35 : IOO : 60: 35 :30). 

Double development’in one direction was also tried?, but the results did not 
justify the doubling of the developing time. Modifications of the positions of the spots 
were obtained, but, very often, the improvement in separation of % specific pair of 
sugars was counterbalanced by the reduced separation of others. 
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This’ method can be successfully applied only to the separation of a few specific 
mixtures of carbohydrates. 

A 30 cm double development run gives better results, but the time needed for 1’ 

development is about 24 h (which cancels the time advantage of the TLC method 
itself), and the sugars with higher Rr;l values are excessively diffused. 

Continuous flow chromatography13 was even less satisfactory for the separation 
of’ a complex mixture of carbohydrates. 

Excellent results were obtained with the bidimensional techni@e, which, we 
think, ‘eeatly increases the use that can be made of TLC in carbohydrate research. 
All possible combinations of the best solvents described in Table I were tried. 

The best were as shown in Table III. 

TABLE III 

.BES’i SOLVENT SYSTEMS FOR BIDIMENSIONAL TLC OB CARBOWYDRATES 

Solwnt mixture Pattern of the spots 

First mm Second Yulz 

(a) Nk. 35 No. r3 see Fig. I 
(b),No. 42 No. 13 see Fig. 2 
(c) No; .6 ” Nq. 13 similar to (a) 
I”,‘p. fy No. r3 similar to (b) 

,(:I N:: 30 
No. 13 similar to (b) 
No. r3 similar to (a) 

Of all these combinations, the best by far were the first two (also described in 
the, Experimental, section). 

We observed that if a solvent system containing acetic acid is used in the first 
,development, separation, of the sp,ots is impaired, since, under experimental condi- 
tions, it is very difficult to completely eliminate the acetic acid which is strongly’ 
bound to the silica gel. On the other hand, as seen above, each of the best combinations 
uses’solvent No. 13,‘which contains acetic acid, for the second run. If solvent No. r3 
,is substituted ,by any other solvent system in the second run, the spots obtained are 
not sharp or, well-shaped. . 

., .‘The apparent ,coritradiction implicit in the above statements can probably be 
explained by the fact that the’ molecules of acetic acid bound to the silica gel during 
thefirst‘ run, ‘occupied a sufficient number of sites to disturb the normal partition on 
the adsorbent’ of the solvents of the second run. 

Certain, sugars, or oligosaccharides, present a special problem in monodimen- ,:# 
sionai thin-1,ayer chromatogra&hy : they have very similar mobilities with the majority 
&f the solvents’used: When,, a specific, solvent, ,such as, for example, No. 25 succeeds, 

.,&I: separating arabinose from mark&e and levulose, (one of the most difficult triads ‘, 

to’: resolve), .it cannot,, separate glucose, sucrose and lyxose from arabinose; nor’ can it 
separate raffinose -from levulose., ” 

‘1:‘: ., E,ven our best solvent for a monodimensional run, No. 1.3~ ‘separates the majo-’ .. ‘:: 

kity of the carbohydrates studied iuto.4,spots: (I) arabinose, mannose, sorbose; fucose’ : ( 

:lyFose,,” or-methyl-?-glucoside; (2) glucose,, 
.’ 

.’ levulose, mannoheptulose ; (3) sucrose, ,: ’ 

,,maltose, turanqse’; (4) xylose, cc-methyl-D-mannoside, ribose. ‘. 
1_., : y ,.’ ‘, ‘A, -,: 

,.,,‘a ,.‘._. ,. .’ 
..1 ., :’ ; :,: ‘. .’ 

,:;$ C~f,yi++:, ‘34 ,.(x968) “-6-34 . .,, ” ‘., ,. 
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Fig. 3. Bidimensional chromatography of carbohydrates on a 20 x 30 
and solvents same as, in Fig. I. 

Fig. 4. Bidimensional chromatography of carbohydrates on a 20 x 30 cm chromatoplate : Sugars 

and solvents same as in Fig. 2. 

For this reason, monodimensional chromatography is too limited to be used 
as a tool in qualitative analysis involving complex sugar mixtures. Our experience 
has shown that even the comparison of several chromatoplates developed with dif- 
ferent solvents is insufficient for the separation, and identification of an unknown 
complex mixture. 

This is obviously not a problem in bidimensional chromatography, which is 
clearly a more advanced and complete technique. But although the number of sharply 
separated carbohydrates is much higher than with the monodimensional method, 
the limitation in this case arises from the fact that slightly larger amounts of each 
sugar are needed to compensate for the greater diffusion of the spots, and, when a 
complex sugar mixture is used, the total amount of the substance placed at the origin 
exceeds the capacity of the silica gel. Different brands of silica. gel have slightly 
different capacities, but the average maximum load on a layer of 250 microns should 
not exceed 35-50 ,ug. 

cm chromatoplatc : Sugars 

,Experimentally, we were able to load a 350 micron layer with up’ to IZO pg of 
substance, and were still able to obtain good separation of the sugars involved. In 
fact, we advise the use of a layer thicker than the standard. Commercially prepared 
chromatoplates are not suitable because the layer is too thin and therefore low in 
capacity. 

J. Chromatog., 34 (1968) 26-34 
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A layer thicker than 300-350 microns is not advisable, however, if some of the 
sugars contained in the mixture are present in a lesser amount than 2-3 ,~g, because 
of the difficulties involved in revealing small quantities in thick layers. 

It should be noted that quantities of some particular sugars should not exceed 
specific amounts (4-5 lug for a 350 micron layer) since, even in bidimensional chro- 
matography, they tend to run close together. The sugars with this tendency in the 
chromatogram illustrated in Fig. I are: mannoheptulose-levulose; maltose-trehalose; 
glucose-arabinose-mannose; rhamnose-cc-methyl-D-mannoside. 

In short, the quantities of some of the single sugars that can be applied to a 
chromatoplate, apart from the total capacity of .the gel, is a limiting factor that must 
be added to those mentioned above, when sugars with very siniilar mobilities are 
involved. 

This limitation can be partially or wholly eliminated by resorting to bidimen- 
sional chromatography on a rectangular 30 x 20 cm plate (Figs. 3 and 4). 

In this case, the carbohydrates separate much better than with the standard 
20 x 20 ~111 plate. It is necessary, however, for the first run ,to be the longer of the 
two. The positions of the sugars, in this case, are similar to the corresponding po- 
sitions on the standard plate. We strongly advise this modification of the technique 
whenever the quantities of those sugars that tend to run closely together vary 
widely in the sample mixture. 

For the detection of spots, it is preferable to use the naphthoresorcinol reagent, 
because the great variety of colours it produces particularly helps in the identification 
of the carbohydrates (see Table II). This is especially pertinent when two sugars are 
very close together. 

For specific applications, such as the differentiation of aldoses and. ketoses, or 
of the aldohexoses, aldopentoses and ketohexoses, several other reagents have been 
reportedlls 18. 
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