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In this work, an attempt has been made to calculate more accurately the 2D surface of the ZPVE of the MHP 
molecule. It is well known that the values of vibrational frequencies calculated in the anharmonic approxima-
tion turn out to be much closer to the experimental values than in the case of using the harmonic approximation. 
Due to anharmonic calculations requiring considerably more time they were carried out at the MP2/Aug-cc-
pVTZ level of theory. Calculations of the 2D PES due to the variation of the torsional coordinates were per-
formed at two levels of theory (CCSD(T)/Aug-cc-pVTZ and MP2/CBS). Besides, we paid special attention to 
determining the values of the torsional coordinate of the methyl group when constructing the 2D PES.

Calculation details
Determination of the values of the torsional coordinates of the methyl group. We will denote the tor-

sional coordinates of the hydroxyl group a, and the methyl group – q. The geometry of the molecule corre-
sponding to zero values of these coordinates is presented in fig. 1.

In fig. 1, atoms Н4, С3, О2, О1, and Н7 lie in the same plane, while Н5 and Н6 are located symmetrically rela-
tive to this plane. The value of the torsional coordinate a is equal to the value of the dihedral angle ∠С3О2О1Н7 
which is 180° in the configuration presented in fig. 1. Therefore, the coordinate a can always be calculated by 
the formula a = ∠C3O2O1H7 – 180°. The coordinate q determines the rotation of the methyl group around the 
С3О2 bond. If the values of the dihedral angles ∠ H4C3O2H5, ∠ H4C3O2H6 and ∠ H5C3O2H6 are fixed and are 
not optimised in the process of calculating the potential energy at the given nodes on a two-dimensional grid, 
then the value of the angle is uniquely determined by the formula: 
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However, it is clear that in those cases when the values of the torsional coordinate a ≠ 0°, a ≠ 180°, i. e. H7 
appear outside the atomic plane С3О2О1, the local symmetry of the methyl group decreases to C1. Consequently, 
only one of the three angles in formula (1) can be left fixed, and the other two are optimised while minimising 
energy. In this case, it is clear that the value of the coordinate ceases to be uniquely determined. Therefore, the 
method for specifying the coordinate should be described in more detail. In this work, we used two approaches. 
In the first case (I), the angle value q is considered equal to the value of the dihedral angle ∠ H4C3O2O1 taking the 
values: 4°, 12°, 20°, 28°, 36°, 44°, 52°, 60°, 68°, 76°, 84°, 92°, 100°, 108°, 116°, and when calculating the ener
gy, these values are fixed, while the values of the other two angles are optimised (∠ H5C3O2O1, ∠ H6C3O2O1). 
The a coordinate takes the following values: 12°, 36°, 60°, 84°, 108°, 132°, 156°, 180°. Thus, the potential 
energy ( , )U a q( )  is calculated at 120 points and then expands to the full potential surface using the relation 
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2  It should be taken into account here that despite the absence of 

local symmetry, the potential function still has a period of 120° along the coordinate a. Indeed, for any relative 
arrangement of the H4, H5, and H6 atoms and an arbitrary arrangement of the H7 atom, if we rotate the methyl 
group so that in place of H4 there is H5, in place of H5 there is H6 and in place of H6 – H4, then the internal 
energy of the molecule is certainly will not change, and the value of the angle q determined by the formula (1) 
will increase exactly by 120°. In the second case (II), already performed calculations are used, but the value of 
the angle q at each of the 120 points is determined by the formula (1). In this case, the values q are somewhat 
different from those values in which the potential energy has to be found (qj → 4°, 12°, 20°, 28°, 36°, 44°, 52°, 
60°, 68°, 76°, 84°, 92°, 100°, 108°, 116°). The differences are not comprehensive, but at some points, the devi-
ations exceed 2°. For example, in the case when the value of the torsional coordinate is a = 84°, the true values 
of the torsional coordinate of the methyl group, which we will denote qj

r  for distinction, were: qj
r → 3.986°, 

Fig. 1. Configuration of the MHP molecule,  
in which the values of the torsional coordinates a  

of the hydroxyl group and q methyl group are considered to be zero


