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Hypercrosslinked polystyrene is the first representative of a new class of three-dimensional polymers. The principle of its preparation is very simple and consists of crosslinking strongly solvated polystyrene chains by large amount of cross-agent that forms in the final network crosslinking bridges with restricted conformational mobility. The bridging results in obtaining uniformly-crosslinked one-phase open-work network that is highly permeable both in dry and swollen state. Two main distinguishing features are characteristic of hypercrosslinked polystyrene. The first is extremely low density of the dry material caused by network rigidity that prevents dense packing of polymer chains and the second is the ability of hypercrosslinked polystyrene to swell in any liquid and gaseous media, irrespective of the thermodynamic affinity of the medium to polystyrene-precursor. This striking feature is provoked by strong inner stresses accumulated in the dry polymer due to unfavorable conformations of polymeric chains. Relaxation of the inner stresses proceeds on increasing network volume, and this is the basic driving force for the unusual swelling behavior of hypercrosslinked polystyrene. The latter may be illustrated by the interaction of the hypercrosslinked network with water. Hypercrosslinked polystyrene is a hydrophobic material, it absorbs small amounts of water vapors, no more than 2% of its weight. Nevertheless, even so small amount of water causes network swelling that manifests itself as a sorption hysteresis. However, one can force water to fill all internal space in the porous polymer by washing the network with an organic solvent miscible with water and then replacing this solvent by washing with water. Although water exhibits the weakest affinity to polystyrene, this affinity proves to be sufficient to support the expanded network structure which stresses are essentially relaxed. One gram of hypercrosslinked material thus treated now retains 200-300% of water. 


The size of pores in hypercrosslinked network is pretty small, 2-3 nm; only relatively small molecules of organic compounds, such as phenols, pesticides, lipids, chlorinated hydrocarbons, etc., can adsorb on the sorbents swollen with water. All these compounds are retained on the surface of the sorbents largely by hydrophobic interactions, although a certain contribution of specific interactions is also possible. Interestingly, even in the absence of any interactions the hypercrosslinked polystyrene can separate small molecules of inorganic electrolytes, for instance, it separates hydrochloric acid from its salts, NaCl, KCl, LiCl, CaCl2. By using a novel chromatographic procedure, frontal exclusion chromatography, it is possible to separate the acid and the salt by percolating the concentrated solution of the above compounds through the column packed with a hypercrosslinked microporous sorbent, the difference in the breakthrough volumes of the components amounting up to one half of column bed volume. Combining the typical features of size exclusion chromatography and frontal mode of operation, the frontal exclusion chromatography has its own specific signs. In particular, the separation of the salts and the acid is accompanied with significant concentrating effects of the components of the initial mixture. The highly productive procedure can find practical application, e.g. in hydrometallurgy.

