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The paper is a brief review of mostly unpublished works of the authors on computer modeling of interionic, ion-molecular and intermolecular interactions in spatial polyelectrolytes containing sulfonic and carboxylic groups as well as alkylamino-groups with different degree of substitution and quaternary ammonium groups. The polymer matrixes are copolymers of styrene and divinylbenzene (ST-DVB), copolymers of acrylic acid and DVB and functionalized polymers on the basis of polyacrylonitrile. Such polyelectrolytes represent the most spread ion exchange resins. 
The systems under investigation were representative fragments of the polymer structure or separate functional groups in different ionic forms being in contact with different number of water molecules (n = 0 – 20 molecules per functional group). 
For calculation of the potential energy of the system as a function of its structure the program pack GAMESS was used. Non-empirical method SCF MO LCAO with minimal basis set Husinaga MINI was used. The equilibrium structures have been found by the gradient optimizing of coordinates of all atoms present in the system to find the minimum of potential energy of the system corresponding to a stable geometric structure. The value of energy at the minimum characterizes the probability of such state. The calculations give the following information on the structure and interactions in the system: the distances between any selected particles, electrical charges on the atoms and the order of bonds between atoms. The later two quantities characterize the ionic and covalent component of the interaction. Any specific question of the state and interaction of chosen particles can be answered within the scope of described information.  Analysis of this information is laborious and presentation of the final results in easily understood way is an important problem. The state of system is usually characterized as a totality of mutually dependent interactions. For easier understanding the 
following types of interactions can be considered separately from each other:
· Between the ionized groups fixed on the polymer matrix and mobile ions (counter- and co-ions).

· Between all kinds of ions and water molecules.

· Protonation of the functional groups. 
· Formation of complex compounds with polymer ligands.

· Ion pair formation between mobile ions in the polymer phase.

The total energy of the system is not splitable in the independent terms related to the mentioned types of interactions.
For ion exchangers the most important are interactions of the first two types: direct interaction of the counterion with the fixed ion and hydration of the both ions. The quantum chemical calculations have shown that the position of the counterion relative to the fixed ionized group strongly depends on the degree of hydration if number of water molecules in the system is less than 7-10 molecules per functional group. The further addition of water molecules to the system does not change the local structure of the exchange site. At the state of complete hydration the geometrical structure of the exchange site and energy of interaction between the ions strongly depends on the type of the functional groups and the counterion. Specifically, in the case of fixed sulfonic group, the ions of alkali metals with positive hydration (structure-making ions Li+ and Na+) are not fixed at the sulfonic group while ions with negative hydration (structure-breaking ions K+, Rb+, Cs+) remain bound to one of its oxygen atoms. In the case of carboxylic acid functional group the situation is completely different: the same counterions are always fixed at the functional groups simultaneously interacting with one or two groups. The affinity series to alkali metal ions are opposite which corresponds well with the experimental data of many authors. Quite unexpected results have been obtained in calculations of the structure of hydrated ion pairs formed by halogenide ions with the fixed trimethylbenzylammonium ion, showing that the existing interpretation of anion exchange selectivity should be substantially corrected. 
Hydration of the ions in the polyelectrolyte has been described by distances between the atoms of the water molecules and the atoms of the functional groups or the counterion. Ions or water molecules are accounted as coordinated or bound to each other if the distance between them exceeds the sum of their ionic radii by at most 25%. Using this convention we could find at different stages of hydration the number of water molecules bound only to the counterion, only to the functional group, to both of them and only to the other water molecules in the system.
An important specific case is interaction of the functional groups with the proton. It appeared that H+ is bound to one of the oxygen atoms of sulfonic group in the systems with less than three water molecules per group. At the higher hydration degree it separates from the functional group. Rather unexpected results have been obtained on protonation of weak base groups represented by aminogroups with different radicals. Formation of true alkylammonium ion is characteristic only for secondary aminogroups. Primary and ternary aminogroups fix the proton and the coion in their vicinity but the proton does not form chemical bond with the nitrogen atom. The position and distance of the proton from the nitrogen atom is substantially dependent on the type of the co-anion.
It has been shown that quantum chemical calculation can explain processes of sorption of complex forming cations by weak base anion exchangers. Such calculations have been done for anion exchangers with primary and secondary aminogroups forming polymeric complexes with ions containing vacant d and f orbitals (Cd2+, Cu2+, Ni2+, Co2+). 
Distribution of simple electrolytes, H+ or Na+ and Cl-, in the aqueous solutions of equal concentration in the presence and absence of the polyelectrolyte fragments with the same counterion have shown that the formation of ion pairs between simple ions in the polyelectrolyte phase is much more probable in  the presence of the polyelectrolyte. This explains higher values of superequivalent sorption of electrolytes by ion exchangers compared to predictions of simple Donnan distribution. This effect for is much stronger for acids than for their salts.
It was concluded that the computer modeling of fragments of polyelectrolytes and quantum chemical calculation of their geometry and energy makes interpreting of macroscopic properties in terms of intermolecular interactions more reliable and leaves less freedom for unprovable intuitive statements often used the literature on ion exchange.
