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A quantitative description of ion association phenomenon in non-aqueous electrolyte solutions (NAES) especially for the solvents with moderate and low dielectric constants, as well as for the salt with big multi-atomic or multi-charged ions remains a challenge for the contemporary condensed matter theory.  

To elucidate some questionable points concerning of ion association in the NAES the following approaches are considering in the present work:

i) thermodynamic description of ion association in the framework of the statistical mechanics at the McMillan level;

ii) Brownian Dynamics (BD) simulations of an ion subsystem in an electrolyte solution;

iii) Molecular Dynamics (MD) (atomistic) simulation of an electrolyte solution;

iv) Quantum Chemical Calculations (QCC) of ion and ion-molecular aggregates.
The difficulties, restrictions, advantages and main results reached using the approaches mentioned above are compared each other and with the results of reliable experiments. 
The following conclusions can be drawn from analysis of the results presented in this work. 
Based on BD simulations it was shown, that the structural definition of ion pairs suits the best for the theoretical prediction of constants of ion association at the McMillan level.
Using MD simulations the microscopic structure of ion pairs in diluted solutions and formation of complex ion aggregates in the concentrated NAES solutions were described in details that even exceed the possibilities of the most powerful experimental techniques.  

The results of QCC calculations clearly show that small anion can penetrate inner space of tetraalkylammonium cations and this is in perfect agreement with experimental NMR observation.

