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2D ZPVE computations were performed in harmonic and anharmonic approximations at 120 nodes of a similar 
grid using the [39] package at the MP2/Aug-cc-pVTZ [35; 36; 43] level of theory. When calculating the ener-
gies of stationary torsio nal states of the MHP molecule, which takes into account the ZPVE for the potential 
energy, calculated at one of the two levels of theory, the ZPVE was added at each of 120 points.

Discussion of the results
It is known, the MHP molecule is realised in two equivalent equilibrium gauche configurations, one of 

which is shown in fig. 2.

The 2D PES of the molecule calculated at the CCSD(T)/Aug-cc-pVTZ level of the theory is shown in fig. 3.
As can be seen from fig. 3, the cis-barrier (q = 180°) is significantly higher than the trans-barrier (q = 0°). 

On the 2D PES, six equivalent energy minima are formed, which leads to the splitting of each torsional state of 
the molecule into six sublevels. Figure 4 shows a 2D surface of the ZPVE calculated at the MP2/Aug-cc-pVTZ 
level of the theory.

Figure 5 presents 2D surfaces of the kinetic parameters of the MHP molecule, calculated at the CCSD(T)/
Aug-cc-pVTZ level of the theory.

To classify torsional states, we used the notation: ( , , ),n n XCH OH3

±  where nCH3 and nOH are vibrational quantum 
numbers of the torsional vibrations of methyl and hydroxyl groups, respectively; sign + and sign – determine the 
symmetry or antisymmetry of the torsion state for the plane containing the atoms С3, О2, О1 (plane normal to the co-
ordinate plane a q,( ) and intersecting it along the coordinate a = 0°); X is one of the symmetry species (А1, А2, Е) 
of the group G6 [44]. The computation results are collected in tables 1 and 2, where the following designations for 
various calculation options will be used: for the CCSD(T)/Aug-cc-pVTZ and MP2/CBS levels of theory, at which 
the potential energy was calculated – CCSD(T) and MP2, respectively, the first and second methods for determi-
ning the torsional coordinate q will be denoted by adding (I) or (II), respectively. Since the energy of zero point 
vibrations was calculated only at one level of theory (MP2/Aug-cc-pVTZ), its accounting is denoted as +ZPVE. 

Fig. 2. Equilibrium configuration of the MHP molecule,  
calculated at the CCSD(T)/Aug-cc-pVTZ level of theory

Fig. 3. Calculated at CCSD(T)/Aug-cc-pVTZ level  
of the theory of 2D PES of the MHP molecule

Fig. 4. 2D surface of the ZPVE of the MHP molecule  
calculated at the MP2/Aug-cc-pVTZ level of theory


