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CHROM. 5175 

Effect of temperature on the porosity of dextran gels 

Gel chromatography is generally considered to be unaffected by changes in 
temperature 1. This has been well demonstrated with macroporous or heteroporous 
gels such as Styragel@ (ref. 2). Since in other gels, for instance Sephadex@ (cross- 
linked dextran) and Bio-Gel (cross-linked acrylamide), the porosity is produced by 
swelling, it appeared plausible that these gels might be affected by changes in temper- 
ature. 

Sephadex LH-20 in organic solvents and Bio-Gel .P-2 in water show a greater 
swelling at higher temperatures (Figs. Ia and b). In contrast, all Sephadex gel types 
exposed to water shrink when the temperature is raised. The shrinkage is especially 
observed with Sephadex LH-20 in water. (It should be pointed out that &RINK 
et aZ.3 also observed such behaviour with the Sephades type G-200 (ref. 2).) Addition 
of an electrolyte increases the shrinkage (Fig. Ib, solvent II). Shrinking and swelling 
are reversible. No product of hydrolysis was found in the solvent with the anthrone 
test during the heat treatment. 
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Fig. I. Tempcraturc depcr~ch~ce of the swelling of gels in cliffercnt media. (a) I g of Scphackx 
LI-I-20 swollen in tetraliyclrofurzm (‘J.XI;), 7r-butanol (*E-Uut), water (I), and water -t_ 2.5 Ad KC1 
(II). (b) I 6 of Sephaclex LH-zo (LH-20), I g of Scphaclcx G-25 (G-25), and I g ot Uio-Gel P-2 
(P-2) swollen in water. 

Fig. 2 (top) gives the separation characteristics of the two gels that show op- 
posing behaviour, MO-Gel P-2 (swells slightly at higher temperatures) and Sephadex 
LH-20 (shrinks strongly when heated in water). A straight line, independent of tem- 
perature, is obtained for Bio-Gel P-2, while for Sephadex LH-20 the middle part of 
the S-shaped curve at 60” is flatter than the one at 2o”, which means that at higher 
temperatures the separation volumes are smaller and consequently the separation 
is poorer. 

The lower half of the diagram in Fig. 2 represents a schematic elution pattern 
(Fig. 2, bottom). The hatched section is the gel volume which is not available to 
gel chromatography. Only the distCance between V, and H,O (representing the mole- 
cule of smallest size) .indicates the volume where separation by size occurs according 
to the rules of gel chromatography. (Elution with a buffer, water, was started on top 
of the column and could easily be detected by a refractometer,) Sephadex LH-20 has 
a smaller volume available for size separation at 60” than at room temperature. 
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Fig. a. Top: Sepwa,tion charrtctcristics of Scphnclcs LI-I-20 aml Rio-Gel P-z at 20~ and at GoO. 
fiRY rcprcscnts the clution paramctcr, log A.1 is the logarithm of the molecular weight. Column, 
0.M x 38 cm; T/‘L = 22.0 ml; clution by 0.002 AV IlCl, pH 2.5; sample volume, 0.15 ml; concentra- 
tion, I mg/ml of each substance; flow mtc, 7.5 ml/h; clctcctor, Wrttcrs Ii-4 refractometer. Bottom: 
Schcmntic graph of the clution diagrams. The vertical lines symbolise the masimum of the elution 
peaks of the given sulxtanccs. The hatchccl arc;l. marks the volume not available for gel chromato- 
graphy. kwO, the voicl volume, ww mcasurecl by PI33 4000 (polycthylcnc glycol, average molecular 
weight 4000). clb, the total volume of the colurnii filling, is 22.0 ml. 

Nevertheless, the separation of substances of higher molecular weight improves. 
In Fig. 2 (bottom) the masima of V, and PEG 1000 are 1.11111 apart at 20’ and 1.55 ml 
at Go”. From Fig. (top), it can be seen that the exclusion limit for Sephades LH-20 
in water can be graphically calculated to a molecular weight of 1500 at 20~ and to 
molecular weight of 2700 at Go”. 

These findings indicate that, while the sutn of the pore volutne decreases, larger 
pores result: in the case of LH-20. Fig. 3 represents the proposed structural change of 
the gel ai: the two temperatures. The lines represent the polymer threads. An increase 
in temperature causes a force to act upon the system which brings the polymer 
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Fig. 3. SCllCllli~tiC tli~@YL.Ill of the StruCturiLl change in Scphaclcx LI-I-20 CallsCcI by increase in 

tcrnpcraturc. (a) 2oe; (l3) Go”. 
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threads closer together. As a result, small pores might be eliminated in favour of 
larger ones. 

Fig. 3b represents the scheme of the inner structure of heteroporous gels as 
suggested by DETERMANN~ and JOUSTRA‘~. The separation characteristics of niacro- 
porous gels are flatter than those of swellable gels”. The lower separation character- 
istics of Sephadex LH-zo at 60” in Fig. 2 (top) indicate that this gel has undergone 
a structural change towards heteroporosity. It is suggested that hydrophobic bonding 
is the force which causes the structural change. The three-dimensional network of 
Sephadex consists of hydrophilic dextran chains cross-linked by lipophilic ether 
bridges. In Sephadex LH-20, the remaining hydroxyl groups are converted to hydro- 
xyalkyl ether groups, These lipophilic regions are responsible for the unusual be- 
haviour of the gel in water. The ether oxygen is able to form hydrogen bonds with 
water at low temperatures in the form of an oxonium structure, thus explaining the 
swelling ability of the gel. At higher temperatures these organised zones will be des- 
troyed and hydrophobic bonding brings the lipophilic parts of the gel closer together. 
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