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Abstract—The work focused on determining the Infrared
spectroscopy (IRS) of the two compounds calculated are from
two esters (compounds C1 and C2) from 2,3,4,5-Tetrahydro-
oxepine derivatives, here called C1 and C2. The IRS was obtained
via computational methods ab initio Restricted Hartree-Fock.
Optimization of molecular structure via UFF, followed by PM3,
RHF/EPR-II and RHF/STO-6G, thus obtaining a stable struc-
ture, in STP. The molecule was obtained, whose composition is C:
81.7%; H: 7.1%; N: 3.4%; O: 7.8%, 411.53536 g, and molecular
formula: C28H29NO2, for C1 and C: 70.6%; H: 7.4%; N: 10.3%;
O: 11.7%, 544.68439 g, and molecular formula: C32H40N4O4.
The highest vibrational absorbance frequency peaks for the C1
and C2 molecule are found at the frequency of 1793.58 cm−1,
1867.14 cm−1 and 1956.39 cm−1, for C1 and 1368.99 cm−1,
1409.43 cm−1 and 1790.47 cm−1, for C2, respectively. Limitations
our study has so far been limited to computational simulation
via quantum mechanics (QM) an applied theory. Our results and
calculations are compatible with the theory of QM.

Index Terms—Restricted Hartree-Fock method, Infrared spec-
troscopy, IR spectroscopy, UFF, PM3, EPR-II.

I. INTRODUCTION

THe Infrared spectroscopy (IRS) is the measurement
of the interaction of infrared radiation with matter by

absorption, emission, or reflection. It is used to study and
identify chemical substances or functional groups in solid,
liquid, or gaseous forms. The method or technique of IRS is
conducted with an instrument called spectrophotometer which
produces an IRS. An IRS can be visualized in a graph of
infrared light absorbance (or transmittance) on the vertical axis

vs. frequency or wavelength on the horizontal axis. [1], [2], [3]

The work focused on determining the IRS [1], [2], [3] of
the three compounds here named C1 and C2, where the IRS
was obtained via computational methods ab initio Restricted
Hartree-Fock. [4], [5], [6], [7], [8], [9], [10], [11], [12], [13]
[14], [15], [16].

The molecules was obtained experimentally in the labo-
ratory of the University Autonomous of Campeche (Faculty
of Chemical-Biological Sciences) Valverde et al. [17], [18],
[19], [20], [21] and are characterized by two-ester structures:
2,3,4,5-Tetrahydro-oxepine derivatives, compounds C1 and
C2.

II. METHODS

A. Methodology

Its structure and chemical conformation and its IRS were
obtained from computational chemistry calculations, using
the GAMESS software. [15], [22]

The methods used initially were UFF (Universal Force
Field) [23], [24], [22], [25], obtaining the lowest energy
molecular structure. Optimization of molecular structure via
UFF, followed by PM3 (Parametric Method 3) [26], [27],
[28], [29], followed by Restricted Hartree-Fock [4], [5], [6],
[7], [8], [9], [10], [11], [12], [13] [14], [15], [16] RHF/EPR-II
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and RHF/STO-6G1, thus obtaining a stable structure, in STP
(Standard Temperature and Pressure) [23], [24], [22], [25].

The molecular Hartree-Fock [4], [5], [6], [7], [8], [9], [10],
[11], [12], [13] [14], [15], [16] wave function is written as an
antisymmetrized product (Slater determinant) of spin-orbitals,
each spin-orbital being a product of a spatial orbital φi and
a spin function (either α or β) was used. The basis sets
of Barone [30] which are optimized for the computation of
hyperfine coupling constants. EPR-II (Electron Paramagnetic
Resonance II) is a double zeta basis set with a single set of
polarization functions.

B. Hardware and Software
For calculations the computer used a Desktop with SUSE

Linux Enterprise Desktop2, AMD Ryzen 7 1800X processor
[31], ASUS Prime A320M-K motherboard [32], 16GB of
RAM, with 500GB SSD [33].

The ab initio calculations have been performed to study the
equilibrium configuration of C1 and C2 molecules. The set of
programs GaussView 5.0.8 [34], HyperChem 8.0.6 Evaluation
[35], are the advanced semantic chemical editor, visualization,
and analysis platform and GAMESS [15], [22], [34] is a
computational chemistry software program and stands for
General Atomic and Molecular Electronic Structure System
[15], [34], BIOVIA Draw 2017 [36], CHARMM22 [37],
[38], and OriginLab ®2018 Evaluation Licence [39], set of
programs were used.

III. RESULTS

The molecular structure of C1 and C2 molecules, were
obtained through computationally calculated obtained after
molecular optimization, using the ab initio Hartree-Fock (HF)
method, Figure (1) left side.

The names of the two compounds calculated are from
two esters (compounds C1 and C2) from 2,3,4,5-Tetrahydro-
oxepine, Figure (1), right side shows, obtained experimentally
in the laboratory of the University Autonomous of Campeche
(Faculty of Chemical-Biological Sciences) Valverde et al.
[17], [18], [19], [20], [21].

The Table (1) on the shows the properties of compounds
C1 and C2, obtained BIOVIA Draw 2017 software [36].

The Compound C1 presents normalized absorption peaks of
20-25% between frequencies 410-530 cm-1, 25-70% between
1230-1550 cm-1, 40-100% between 1740-1960 cm-1 and 15-
35% between 3170-3250 cm-1, Figure (2).

The Compound C2 exhibits normalized sinusoidal absorp-
tion peaks of 5-15% between frequencies 360-1360 cm-1.
Normalized absorption peaks of 35-100% between frequencies

1STO-nG basis sets are minimal basis sets, where n primitive Gaussian
orbitals are fitted to a single Slater-type orbital (STO). The n originally took
the values 2–6.

2Suse. SUSE Linux Enterprise Desktop. Available in August 28, 2021.
URL: https://www.suse.com/download/sled/

Fig. 1: Representation of the structure of the C1 and C2
molecules, obtained experimentally at the University Au-
tonomous of Campeche (Faculty of Chemical-Biological Sci-
ences) Valverde et al. [17], [18], [19], [20], [21], side right. On
the left, the figures of the molecular structures of compounds
C1 and C2, obtained after molecular optimization, using com-
putational quantum chemistry methods, using the computer
programs GAMESS [15], [22]. Subsequently, the UFF, PM3,
ab initio RHF/EPR-II and RHF/STO-6G methods were used.
Atoms are numbered and represented in colors: in blue the
Nitrogen atom; in red the Oxygen atoms; in gray the Carbon
atoms; blank Hydrogen atoms, side left.

Fig. 2: The graph represents the infrared spectrum of the C1
molecule. Have the absorbance (%) normalized x frequency
(cm−1), obtained after molecular optimization, using com-
putational quantum chemistry methods, using the computer
programs GAMESS [15], [22]. Subsequently, the UFF, PM3,
ab initio RHF/EPR-II and RHF/STO-6G methods were used.
Graphic edited in OriginLab®2018 Evaluation software [39].

https://www.suse.com/download/sled/
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Fig. 3: The graph represents the infrared spectrum of the C2
molecule. Have the absorbance (%) normalized x frequency
(cm−1), obtained after molecular optimization, using com-
putational quantum chemistry methods, using the computer
programs GAMESS [15], [22]. Subsequently, the UFF, PM3,
ab initio RHF/EPR-II and RHF/STO-6G methods were used.
Graphic edited in OriginLab®2018 Evaluation software [39].

Fig. 4: The graph represents the infrared spectrum of the
C1 and C2 molecules. Have the absorbance (%) normalized
x frequency (cm−1), obtained after molecular optimization,
using computational quantum chemistry methods, using the
computer programs GAMESS [15], [22]. Subsequently, the
UFF, PM3, ab initio RHF/EPR-II and RHF/STO-6G methods
were used. Graphic edited in OriginLab®2018 Evaluation
software [39].

1300-1965 cm-1, and parabolic absorption peaks of 10-25%
between frequencies 3140-3250 cm-1, Figure (3).

As expected, the infrared spectrum frequencies of
compounds C1 and C2 are considerably similar, as they are
derived from the same compound and have similar structures,
Figure (4).

For C2 molecule, they present normalized sinusoidal
absorption peaks that are amortized and energized between

TABLE I: The peaks with the highest absorbance intensity.
Absorbance (km/mol) in function of vibrational frequencies
(cm-1) of C1 and C2 molecules for RHF/EPRII basis set

.

C1 C1 C2 C2
(cm−1) I (km/mol) (cm−1) I (km/mol)
1340.31 199.9386 1328.81 172.3762
1378.75 258.0679 1335.90 296.3096
1789.38 148.5676 1368.99 423.6898
1793.58 377.9173 1409.43 414.0385
1867.14 396.7230 1698.92 211.5513
1871.04 194.1433 1790.47 518.6190
1873.74 277.0964 1844.08 121.3860
1956.39 319.7612 1870.87 262.2486

1881.07 175.8778

5-25%, between frequencies 300-1200 cm-1. Two expressive
normalized absorption peaks between 18-83% and 40-100%,
between frequencies 1200-1700 cm-1 and 1700-1960 cm-1,
respectively. Normalized absorption peaks of 5-30%, between
frequencies 3150-3450 cm-1. There are also small normalized
absorption peaks between 5-10%, between 3800-3900 cm-1,
Figure (3).

The Representation of the molecular structure of the
compounds C1 and C2, Figure (1), side left, obtained
after molecular optimization, using computational quantum
chemistry methods, using the computer programs GAMESS
[15], [22]. Subsequently, the UFF, PM3, ab initio RHF/EPR-II
and RHF/STO-6G methods were used. The Graphics edited
in OriginLab®2018 Evaluation software [39].

The highest vibrational absorbance frequency peaks for
the C1 molecule are found at the frequency of 1793.58
cm−1, 1867.14 cm−1and 1956.39 cm−1, of intensity I
377.9173 km/mol, 396.7230 km/mol and 319.7612 km/mol,
respectively, Table (1).

The highest peak vibrational absorbance frequency peaks
for the C2 molecule are found at the frequency of 1368.99
cm−1, 1409.43 cm−1 and 1790.47cm−1, of intensity I
423.6898 km/mol, 414.0385 km/mol and 518.6190 km/mol ,
respectively, Table (1).

All Using computer programs GAMESS [15], [22], the
calculations obtained in the ab initio RHF method.

IV. CONCLUSIONS AND CHALLENGES

The Infrared spectrum of the two 2,3,4,5-Tetrahydro-
oxepine derivatives (Compounds C1 and C2) was calculated,
indicating the characteristic of the nano-molecule genesis.
Characterized was infrared spectrum quantum calculated,
accepted by quantum chemistry parameters, with ab initio
methods, in the RHF methods.

The molecule is named 2,3,4,5-Tetrahydro-oxepine
derivatives (Compounds C1 and C2); of composition: C:
70.9%; H: 7.6%; N: 10%; O: 11.5%, formula weight:
558.71097g, and molecular formula: C33H42N4O4; of
composition: C: 70.9%; H: 7.6%; N: 10%; O: 11.5%, formula
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weight: 544.68439 g, and molecular formula: C32H40N4O4.

The highest vibrational absorbance frequency peaks for the
C1 molecule are found at the frequency of 1793.58 cm−1,
1867.14 cm−1 and 1956.39 cm−1, of intensity I 377.9173
km/mol, 396.7230 km/mol and 319.7612 km/mol, respectively.

The highest peak vibrational absorbance frequency peaks
for the C2 molecule are found at the frequency of 1368.99
cm−1, 1409.43 cm−1 and 1790.47cm−1, of intensity I
423.6898 km/mol, 414.0385 km/mol and 518.6190 km/mol ,
respectively.

Limitations our study has so far been limited to compu-
tational simulation via quantum mechanics (QM) an applied
theory. Our results and calculations are compatible with the
theory of QM, but their physical experimental verification
depends on experimental data that should be laboratory for
experimental biochemical.
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