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here is an important difference between the experimental gas-phase enthalpy of formation and that determined from

theoretical computation. The calculated value is usually based on only one most stable conformer, while the experimental
enthalpy of formation reflects a Boltzmann distribution of conformers which have statistically significant populations at 298.15 K.
The gas-phase enthalpies of formation of four molecules with high flexibility (1,2-ethanediol, 1,2-propanediol, 1,3-propanediol,
and glycerol), which leads to the existence of a large number of low-energy conformers, were calculated with the G4 method to see
whether the lowest energy conformer is sufficient to achieve high accuracy in the computed values. The calculated values were in
good agreement with the experiment, whereas adding the correction for conformer distribution makes the agreement worse. The
reason for this effect is a large anharmonicity of low-frequency torsional motions, which is ignored in the calculation of zero-point
vibrational energy (ZPVE) and thermal enthalpy. In G4 theory, the ZPVEs and thermal contributions to enthalpy are calculated
using B3LYP/6-31G(2df,p) harmonic frequencies, whereas these values calculated with anharmonic frequencies have lower values
than those calculated using harmonic frequencies. For approximate treatment of molecules with low-frequency internal rotations,
a free rotor model was used in this work. It was shown that the approximate correction for anharmonicity estimated using this
model is of very similar magnitude compared with the conformer correction but has the opposite sign, and thus almost fully
compensates for it. Thus, we can conclude that the enthalpy of formation calculated by G4 method for the lowest energy conformer
gives a better estimate of the gas-phase enthalpy of formation than that calculated taking into account the presence of the higher
energy conformers. Therefore, the common practice of adding only the conformer correction is not without problems.
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