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A comparative analysis of different approaches to quantum chemical determination of standard formation enthalpy, (fH( was performed. An accuracy of (fH( calculation by every thermochemical methods was estimated using the test set of 89 H, C, N, and O-containing compounds as well as by means of 12 theoretical model chemistries. For all methods based on use of so-called bond or group equivalents, the optimal set of parameters for given additive scheme was derived.
Another group of methods for (fH( determination is based on applying of convenient reference reaction. Despite of its wide application for this purpose, the atomization reaction was shown to be worst reference one, so its use is possible only in conjugation with precise, but resource-expensive composite methods of Gaussian family. Much more reliable results may be obtained with the use of isodesmic reference reaction. Finally, the high accuracy of (fH( calculation, being almost independent on the quantum chemical method used, may be achieved when the homodesmic reference reaction was chosen. Indeed, the mean absolute deviation in experimental and calculated (fH( for test set of compounds was found to lie in the interval from 1.9 (G2) to 3.5 kJ/mol (HF/3-21G).
A generic affinity of comparative and additive schemes of (fH( calculation was demonstrated, namely, atomization reaction with atom equivalents; isodesmic reaction with bond equivalents; and homodesmic reaction with group equivalents. Additive approach, due to its optimized parameterization, may lead to results in better agreement with experimental data then reference scheme may do. However, there are substantial deficiencies which are inherent in additive methods, namely, (a) all of them needs in comprehensive test set of (fH( for reference compounds; (b) precise calculation of (fH( for various compounds requires an excessive amount of parameters, moreover, expanding of the test set leads to enormous size enlarging for the given scheme; (c) physical sense of these parameters is poorly defined. Abovementioned deficiencies substantially retard an application of additive methods, so, undoubtedly, the more reliable and convenient approach to the theoretical determination of (fH( for chemical compounds was concluded to be the method of homodesmic reference reaction.
