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Modern quantum chemical methods are widely-used for exploration of molecular structure and reactivity of organic compounds. Employing of non-empirical and DFT-methods for theoretical study of elementary stages of chemical reactions, especially monomolecular decomposition reactions, are very perspective. Estimations obtained with quantum chemical methods allow to discuss new reaction mechanisms and the influence of molecular structure on the Arrhenius parameters. Experimental data was reinterpreted. However the problem of choosing of quantum chemical method for further investigation is of great importance. Especially it concerns reactions which were not experimentally investigated. For example, quantum-chemical estimations obtained by different investigators are contradicted. The comparison of experimental and calculated data (e.g. enthalpy of formation, entropy and Gibbs (free) energies) is one possible way for objective choice of quantum-chemical methods. The comparison of experimental and calculated values of thermodynamic functions is analyzed in this report. The abilities of the various theoretical methods to represent values of dissociation energies were also discussed. While comparing calculated and experimental data, one should bear in mind that to realize the radical mechanism of the initial event of the reaction, the following relation should be hold:
D(R–X)=E–RT,





(1)

where T is the average temperature interval in which the experiment was carried out. D(R–X) can be calculated according to Equation:
D(R–X)=ΔH0f (R)+ ΔH0f (X) – ΔH0f (R-X),



(2)

where ΔH0f (R) and ΔH0f (X) are the enthalpies of the formation of radicals, ΔH0f (R-X) - enthalpies of the formation of organic compound. 

However, the results obtained according to equation 2 can be equal to kinetics data of the bond’s destruction (equation 1) only if the barrier of the radical recombination for the process of the bond homolytic decomposition is equal to zero. The absence of activation barrier in the decomposition reactions via bond fission was proved by employing quantum chemical methods. 

Molecular geometry, enthalpy and entropy of transition state must be calculated for the estimation of Arrhenius parameters of non-radical decomposition reactions of organic compounds. When estimating activation entropy and the Arrhenius factor it is to take into account hindered rotation of the functional groups directly connected to the reaction center. The multistage non-radical decomposition mechanisms of nitroethene and nitrobenzene where elementary products are observed experimentally at the last stage were theoretically studied.
