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Abstract. In this paper, the effect of the simultaneous rotation of two different groups, hydroxyl (OH) and hydroxymethyl
(CH2OH) groups, on the basic properties of Glycerol are comprehensively studied. Relative energies are reported at the HF/
aug-cc-pVDZ, b3lyp/ aug-cc-pVDZ levels with corrections for zero-point vibrational energies. Structural parameters, Electric
Dipole Moment and HOMO-LUMO energy gap of the identified conformers are also tabled. An inverse correlation between the
relative energy and HOMO-LUMO energy gap is seen.
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INTRODUCTION

In molecular science, the Potential Energy Surface (PES) is a mathematical relationship between the energy of a
molecule and its geometry. It is a very important tool to study the conformational versatility of the molecules and
normally the molecular and chemical reactions are governed by PES. A full dimensional PES is a function of all
internal coordinates, E=f (q1,q2, . . . ,qn), in which it cannot be easily visualized in three dimension for the molecules
with more than three atoms or more than two independent geometric parameters. The Potential Energy Surface of
the polyatomic molecules is some time called Potential Energy hyper Surface and more computational resources are
needed to explore such a hypersurface. Despite the problem of drawing a hypersurface, we can treat it mathematically
to extract the needed data. Moreover, we already know that changes in some of those parameters (internal coordinates)
have significant influence on the PES and researchers are usually focused on these parameters rather than others to
identify the stable conformers of the molecule. The stationary points on the PES, where the surface becomes flat must
be analyzed very carefully. In these points the first derivative of energy with respect to an internal coordinate is zero
but they might differ in second derivative which is positive for the energy minima known as conformer and negative
for the maxima known as transition state (first order saddle point) and hilltop (higher order saddle point) [1]. Electric
dipole moment (EDM) is usually used to explain some chemical and physical characteristics of molecules [2] and is
an indication of the polarity of the molecules caused by segregated charge centers of the molecule. EDM is a useful
quantity to study the intermolecular interactions involving the non-bonded type dipole-dipole interactions. The higher
dipole moment causes the strong intermolecular interactions [3]. Small displacement of the atom and simultaneous
displacements of several nuclei have an additive effect on the electric dipole moment changes. In generally the larger
the EDM change, the stronger the intensity of the band in an IR spectrum [4]. EDM (µ) is essential quantity in pre-
dicting infrared and sum-frequency generation spectra, as well as induction and long-range electrostatic interactions.
it can easily be calculated from the ground state electron density [5, 6, 7, 8]. In molecular chemistry HOMO and
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LUMO are indicating the highest occupied molecular orbital and the lowest unoccupied molecular orbital, respec-
tively. The difference between the energies of these two frontier orbitals (HOMO and LUMO) is the energy band 
gap, which gives information about the reactivity and kinetic but not thermodynamic stability of the molecule in its 
ground state [9]. As the key difference between HOMO and LUMO, the electron donating ability is characterized by 
HOMO, whereas electron receiving ability is characterized by LUMO. Among the molecules with biological interest, 
Glycerol with the chemical formula C3H8O3 has been the subject of numerous investigations due to its important role 
in biochemical reactions [10]. Glycerol has considerable rotational freedom since the bounds between the composing 
atoms are single [11]. The objective of this paper is to present a detailed theoretical study of the fully optimized ge-
ometries, the conformational Potential Energy Surface (PES) along with electric Dipole Moment Surface (DMS). For 
theoretical calculations, Hartree-Fock and density functional theory (DFT) [12] (Becke’s three parameter hybrid func-
tional combined with Lee–Yang–Parr correlation functional) (B3LYP) [13], employed by using Dunning’s augmented 
correlation consistent polarized valence basis set of double-ζ quality (aug-cc-pVDZ) [14].

Methodology

The structure of Glycerol was completely optimized at HF/aug-cc-pVDZ and b3lyp/aug-cc-pVDZ levels of theory us-
ing Gaussian 09 package. No geometrical constraints were imposed to obtain the extrema energy structure of Glycerol. 
It is obvious that the rotation of two hydroxyl and hydroxymethyl groups will have significant effects on the com-
puted energy of Glycerol, so the Potential Energy Surface (PES) of Glycerol has been scanned at the two mentioned 
levels without imposing any limitation in our optimization process. The related dihedral angles H9 −C2 −C1 −C3 and 
H14 −O13 −C1 −C3, Figure 1, which are known as D6 and D11, were simultaneously scanned in steps of 10 degrees 
and in total 1296 structures were generated. At each step, by freezing the mentioned torsion angles, partial optimiza-
tion was done. The produced structures of each level were subject to single point calculations at the same level and 
the results will be discussed below.

FIGURE 1. αβ conformer of Glycerol.

Results

Potential Energy Surface, the variation of the energy of the molecule as a function of D6 and D11 torsion angles,
is shown in Figure 2 a and b, which are correspondingly obtained at HF and B3LYP levels. Despite the general
resemblance of these two plots, some differences are also highlighted which emphasizes that the PES of Glycerol
clearly depends on the level of the employed theory. Since the electron correlation is taken into account in density
functional theory, the energy barriers between the conformers have been reduced and the Potential Energy Surface
becomes smoother. The energy and structural parameters of the optimized structures are reported in Table 1 and 2
which are in a good agreement with the experimental data [15]. A global minimum around (D6=178◦ and D11=305◦)
which is depicted in dark blue is common between both methods. DFT predicts another global minimum around
(D6=188◦ and D11=45◦), while HF finds a relatively higher energy local minima in that area moreover DFT locates
another energy minimum around (D6=288◦ and D11=45◦) which HF totally fails to identify such a minimum.
The orientation effect of hydroxyl and hydroxymethyl groups on the Electric Dipole Moment was studied at the same
theoretical levels which are shown in Figure 3. In agreement to Callam et.al [16] a clear correlation between PES
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and DMS could not be observed. Although the global minimum of the Dipole Moment Surface (DMS), (D6=168◦

and D11=275◦), does not depend to a stationary point on our calculated partial Potential Energy Surface but it may
represent a transition state (unstable structure) on a full dimensional Potential Energy Surface.

FIGURE 2. The partial potential energy surface of Glycerol calculated at a) HF b) B3lyp levels

TABLE 1. The Energy (in Kcal/mol) of identified conformers using different methods.
The terminology is based on the concept of backbone conformation

conformers αβ αα2 αγ2 αγ1 αα1 αγ3 γγ

HF relative energy 0 2.19 1.37 2.59 2.20 - -

B3lyp relative energy 0 1.78 1.19 2.27 1.86 2.2 0.24

TABLE 2. Optimized structural parameters of the αβ conformer of Glycerol

Parameter C1 −C2 C2 −O5 O5 −H6 C2 −H9 C1 −H12 C1 −O13 O13 −H14 D6 D11

HF 1.51 1.40 0.94 1.08 1.08 1.40 0.94 178.9 305.7

B3lyp 1.53 1.43 0.96 1.90 1.90 1.42 0.96 178.9 315.7

Experimental [15] 1.54 1.45 0.97 1.08 1.08 1.45 0.97 - -

FIGURE 3. The orientation effect of OH and CH2OH groups on Dipole moment at a)HF b) B3lyp levels

The evolution of the HOMO-LUMO energy gap of Glycerol as a function of the studied dihedral angles is shown
in Figure 4. An almost inverse correlation between the relative energy and HOMO-LUMO gap is seen which means
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that for the structures with lower energy the HOMO-LUMO gap has higher values and vice versa. In generally this
gap is a meausre of [kinetic] stability of molecule rather than thermodynamic stability which is usually misunderstood
by physicists. It is clear that this gap has the highest value for the structures with minimal energy and is an indication
of their lower chemical reactivity and kinetical stability. Therefore we would need more energy to excite an electron
from HOMO to LUMO [17].

FIGURE 4. The rotation effect of OH and CH2OH groups on the HOMO- LUMO energy gap of Glycerol computed at a) HF b) 
B3lyp levels

CONCLUSION

Similar to previous studies on the Potential Energy Surfaces, the relative energy of conformers is highly dependent to 
the employed level of theory. In the case of Glycerol, HF method was unable to predict two conformers known as αγ3 
and γγ conformers, which are identified in DFT calculations. Significant differences between the PES and DMS are 
seen. Despite multi-minima character of the PES, only one minimum is seen in DMS which is not attributed to any 
stationary point of PES. Moreover, the maximum of HOMO-LUMO difference energy occurs in the global minimum 
of the PES which indicates that in case of Glycerol the most stable conformer has the highest HOMO- LUMO energy 
gap.
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