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SUMMARY 

A procedure for the thin-layer chromatography of malto-oligosaccharides 
over a temperature range of 22 to 70” is described_ Varicus mixtures of acetone, 
ethanol, Zpropanol and water were used as solvent. A method is proposed for 
estimating the temperature at which oligomers of a given degree of polymerization 
will be resolved. 

INTRODUCTION 

One of the most powerful methods of modifying the behavior of a chromato- 
graphic system is to adjust its temperature. This has been extensively used in most 
forms of chromatography but has only been used to a limited extent in thin-layer 
chromato,oraphy (TLC)‘-‘. The effect of increasin g temperature is to lower the 
viscosity and raise the vapor pressure of the solvent used. Reports conflict as to 
whether RF increases over a temperature range from about 0” up to 60” and whether 
better resolution is obtained at a higher or lower temperature. The design of the 
chromatographic tank, the precautions taken to control vapor saturation of the tank 
and the nature of the solvent and solute are most probably critical to the result 
obtained. 

We have investigated the separation of a series of malto-oligosaccharides on 
silica gel high-performance TLC plates and have found that oligomers up to a degree 
of polymerization (D-P.) of about 10 could be separated within 90 min by continuous 
chromatography. We report here on the advantages of performing continuous chro- 
matography of this series of compounds at elevated temperatures. 

EXPERIMENTAL 

TLC plates. Precoated silica gel high-performance TLC plates (E. Merck, 
Darmstadt, G.F.R., Cat. No. 5633). The plates were cut into sections 2.5 x 10 cm. 

Solvents. Fisher Scientific (Pittsburgh, Pa., U.S.A.) certified A.C.S. solvents 
were used. 
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Qligosaccharides. These were obtained as a gift from Dr. A. W. Wight of the 
C.S.L.R., Pretoria, South Africa. 

Sample application. Twenty milligrams of the oligosaccharide mixture were 
dissolved in 1 ml of iO% aqueous ethanol. A 200-111 portion of this solution was 
spotted on the plate using a Pt-Ir capillary (Antech, Bad Diirkheim, G.F.R.) attached 
to an EVA Chrom-Applicator (W + W Electronic Scientific Instrument, Basle, 
SwitzerIand). 

Recording of chromatogranrs. The spots were visualized according to the 
method of Hanse~P. The plates were then scanned using a Zeiss KM3 chromatogram 
spectrophotometer set at 620 run. 

Chromatography. A glass jam jar 8.5 cm in height and 7.5 cm wide, fitted with 
a screw-on metal cap, was used as the chromatographic tank. A slit of 2 mm x 3 cm 
was cut in the metal cap. The jar was lined with Whatman chromatography paper. 
About I5 ml of the soIvent were poured into the jar, the slit was covered with a slide 
and a lead weight was placed on the lid. The jar was then 95% immersed in a large 
beaker of water equilibrated to the desired temperature on a hot plate. After aboul 
3 min, the slide was removed and the TLC plate was placed in the jar. For chromato- 
graphy at room temperature the water-bath and hot plate were not used. 
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E‘ig. 1_ Chromatograms of oligosaccharide mixture developed with acetone-water (85 : 15) as solvenl 
(a) Development for 25 rnin at 25”; (b) development far 25 min at 53”. Numbers indicate. degree o 
polymerization_ 
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RESULTS AND DISCUSSION 

The solvent systems investigated consist of various mixtures of z&one, 
ethanol, 2-propanol and water. The temperature range studied was from 22 to 60”. 
With some solvent systems it was necessary to prewarm the plate to prevent excessive 
condensation on it at the higher temperature whereas with other systems this was not 
necessary. 

It is advisable to remove a strip of silica gel I.5 mm wide from each side of the 
plate at the higher temperature. If this precaution is taken, samples spotted in the 
middIe of the plate usually run in a straight line whereas spots placed within about 
6 mm from the side tend to migrate to the center of the plate. In some instances, it is 
possible to extend the temperature range by usin g a wider plate with a 3-mm strip 
of silica gel removed on either side. 

The sample size spotted corresponds to 4pg of the oligosaccharide mixture. 
This corresponds to overloading of the pIate for the oligomers of low D.P. which 
are present at high concentration in the sample used. It allows, however, visualization 
of the oligomers of high D.P. that are present in low concentration. 

The separation achieved at elevated temperature was not in all cases different 
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Fig. 2. Chromatograms of oligosaccharide mixture developed with bpropanol-acetone-water (40: 
359.5) as solvent_ (a) Development for 30 min at 22”; (b) development for 30 min at 60”. Numbers 
indicate degree of polymerization. 
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from that found at room temperature. This is illustrated in Figs. la and lb, which 
show the separation achieved usin g acetone-water (85: 15) as solvent. However, in 
other cases the increase in temperature results in significant gains in resolution and 
also significantly extends the range of oligomers separated_ Thus, Fig. 2a shows that 
only a poor resolution of the first five oligomers is achieved at room temperature 
using a solvent consisting of 2-propanol-acetone-water (40:35:25). Fig. 2b shows a 
significantly better resolution of the first five oligomers when the separation is per- 
formed at 60”. In addition, the range of oligomers that are partially resolved is ex- 
tended to a D.P. of 10. The distance migrated by the oligomers is not very different 

I I I I I I 
0 I 2 3 4 5 

DISTANCE MIGRATED ,CM 
4 

(b: 

I I I I I I I I 
0 I 2 3 4 5 6 7 8 

DISTANCE MIGRATED , CM 

Fig. 3. Chromatograms of oligosaccharide mixture developed with Zpropanol-water (7:3) as solvent. 
(a) Development for 2 h at 25”; (b) development for 2 h at 60”. Numbers indicate degree of poly- 
merization. 
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at the two temperatures, indicating that increased resolution is not only due to faster 
solvent Aow but also due to evaporation behind the solvent front owing to non- 
saturation of the chromatography chamber. 

Figs. 3a and 3b show the separation found at room temperature anci at 60” 
using a solvent consisting of 2-propanol-water (7:3). At room temperature the oli- 
gomers with a D.P. of up to 12 are partially resolved. At 60’ a near baseline sepa- 
ration of the oligomers is achieved with the D-P. resolved extended to 16. Oligomers 
with a D.P. of over 20 would most probably be resolved in a sample containing more 
high-molecular-weight materia1. GIucose and maltose migrate into the solvent front 
and are not detected. 

Fig. 4 shows the plots of log distance migrated VS. D.P. for the series of 
oligomers at three different temperatures using ethanol-acetone-water (45:30:25). 
Chromatography was performed for 30 min. The shapes of the curves are similar 
for the three temperatures. 

Fig. 5 is a plot of temperature VS. D.P. The points are plotted by using Fig. 4 
to read the D.P. (even if this be fractional) found at distances of I, 2 and 3 cm. These 
points lie on a series of straight lines which rnczv be used to estimate the temperature 
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Fig. 4. Plot of distance migrated vs. degree of polymerization for the oligosaccharide series at three 
diierent temperatures using ethanol-acetone-water (45:30:25) as solvent. Development time, 
30 min. 
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Fig. 5. PIot illustrating relationship between temperature, distance migrated and degree of poiy- 
merization for the oligosaccharide series using ethanol-acetonhwater (45:30:25) as solvent. De- 
velopment time, 30 min. 

at which an oligomer of a given D.P. would migrate a given distance within 30 min. 
It is thus possible to estimate the temperature required to resolve oligomers of a given 
D.P. as partial or complete resolution is generally achieved once oligomers have 
migrated 1 to 2 cm on a high-performance TLC plate. Thus with this solvent system 
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Fig. 6. Plot of distance migrated vs. temperature for different degrees of polymerization using 
ethanol-acetone-water (45:30:25) as solvent. Development time, 30 min. 
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an oligomer with a D-P. of 20 would be resolved within 30 min at a temperature 
between 105 and 125”. A diagram of this nature could also be used to estimate the 
length of plate necessary to avoid Ioss of low-D.P. oligomers at any given temperature. 
In practice the system had to be modified to ‘extend the temperature range to 70”. 
A wider plate with a 3-mm strip of silica gel removed on either side was used and the 
slit width was increased to about 2.5 mm. This resulted in the oligomers m&orating a 
shorter distance than at 58” but with significantly improved resolution between 
neighboring compounds. This is undoubtedly due to increased evaporation behind 
the solvent front owing to the lowered vapor saturation caused by the increased slit 
width. Fig. 6 shows that there is a linear rel#ionship between the log of distance 
migrated and temperature for each of the oligomers. 

TLC of oligosaccharides at temperatures up to 70” with a non-saturated 
atmosphere results in improved separations for most of the solvent systems studied. 
Conversely a given separation may be achieved in a shorter time. These advantages 
should also be valid for solutes other than the oligosaccharides. It should, in addition, 
be possible to extend the temperature range by-proper experimental design. 

ACKNOWLEDGEMENT 

We gratefully acknowledge the support of the National Aeronautics and 
Space Administration, Life Sciences Directorate, Johnson Space Center, Houston, 
Texas. 

REFERENCES 

1 D. C. Abbott, H. Egan and J. Thomson, J. Chromafogr., 16 (1964) 481. 
2 E. J. Singh and L. L. Gershbein, J. Chromarogr. Sci., S (1970) 162. 
3 H. E. Berlet and A. Voelkl, .I. CIzronzatogr., 71 (1972) 376. 
4 S. Turina and V. Jamnicki, Anal. Cizem., 44 (1972) 1892. 
S H. Halpaap and J. Ripphahn, in A. Zlatkis and R. E. Kaiser (Editors), HPTLC-Higlz Perfor- 

mance Thin-Layer, Chromatography, Elsevier, Amsterdam, and Institute of Chromatography, 
Bad Diirkheim, 1977, p_ 95. 

6 S. A. Hansen, J. Chronrurogr., 105 (1975) 388. 


