[

ATLANTIS Advances in Engineering Research (AER), volume 169

PRESS
2nd International Conference on Material Science, Energy and Environmental Engineering (MSEEE 2018)

Vibrational Spectroscopy and Density Functional Theory Study
of 5-Amino-2-Mercaptobenzimidazole

Yufeng Chen

Chemistry and Chemical Enginering, Mudanjiang normal university, heilongjiang Mudanjiang,
157012, P. R. China.

Abstract. The geometrical structure of 5-amino-2-mercaptobenzimidazole (5A2MBI) was done and
the corresponding structural parameters were calculated on the basis of the calculation by using
B3LYP/6-311G (d, p) level, The FT-IR and Raman spectra of 5A2MBI were recorded in the solid
phase, the results are compared with the theoretical spectrum calculated by using B3LYP/6-311G
(d, p) level, our calculated results are in good agreement with the experimental values. The
assignments of the vibrational spectra on 5A2MBI are well resolved and accurately assigned on the
basis of the results of the potential energy distribution (PED) which was carried out by the VEDA 4
program. Besides, The Frontier molecular orbitals, UV-Vis spectrum were investigated using
theoretical calculations.
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1. Introduction

The recent literature reports that benzimidazole derivatives are involved in a wide range of
therapeutic areas make them compounds of a growing interest. Benzimidazole compounds belong to
heterocyclic compounds which possesses a special structure (delocalized nbond system and active
nitrogen and sulfur atoms), which exhibit a large range of biological activities, it is especially suitable
be used as antihypertensive [1], antiparasitic [2-4], anticancer [5], antibacterial, antifungal [6-10],
corrosion inhibitor agent, coating agent of metallic surfaces and antioxidant in rubber industry [11-
15]. Use of these chemical compounds is widespread and they are well known toxic and poorly
biodegradable pollutants. Such chemicals are frequently released to the environment and could be
found in effluent of wastewater treatment plants and surface waters [16-19].

DFT includes electron correlation in the self-consistent Kohn-Sham procedure through the
functions of electron density, so it is a cost and reliable method [20-21]. Vibrational spectroscopy has
been extensively used for structural characterization of molecular systems by DFT calculations [22-
28]. DFT has been successfully applied to the description of the vibrational properties of many
molecules, including heterocycles [29-32].

In this work, the UV, FT-IR, and FT-Raman spectra of SA2MBI were investigated. The
assignments of the vibrational spectra on SA2MBI are well resolved and accurately assigned on the
basis of the calculation by using B3LYP/6-311G(d, p) level. The calculations are valuable to take
insight into the vibrational spectroscopy and molecular parameters of SA2MBI structure.

2. Experimental

2.1 Materials

5A2MBI was purchased from Aldrich, All other analytical grade chemicals were purchased from
Beijing Chemical Reagent Factory and used without further purification.

2.2 Instruments

Raman Spectra of SA2MBI were recorded on a LabRam Aramis Raman Microscope system
(Horiba-JobinYvon) equipped with a multichannel air cooled charge-coupled device (CCD) detector.
Spectra were excited using the 633nm excitation line of a He-Ne narrow bandwidth laser (Melles
Griot). The Raman spectra were collected with the laser power at the sample position typically at 400
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uW with an average spot size diameter of 1 um. The typical acquisition time used in this work was
10s.The FT-IR spectra of SA2MBI were recorded as KBr disks at room temperature by a Nicolet iS10
FT-IR spectrometer, equipped with a DTGS detector at a resolution of 4cm™.

2.3 Theoretical Method

The molecular structure of SA2MBI in the ground state is optimized using Gaussian 09 suite of
program by B3LYP with the 6-311G (d, p) basis set, which is the hybrid of Beckes’s three-parameter
exchange functional with the Lee-Yang-Parr correlation functional. The vibrational frequencies of
SA2MBI were calculated at the same level. The potential energy distribution (PED) calculation was
carried out by the VEDA 4(Vibrational Energy Distribution Analysis) program [33, 34]. The method
for calculating scaling factors was same as that proposed by Scott and Radom [35].

3. Results and Discussion

3.1 Geometrical Structure

Fig. 1 The Molecular Structures and Numbering of the Atoms of SA2MBI

The DFT [B3LYP/6-311G (d, p)] methods were used in geometrical optimization of the SA2MBI
molecule. The atom numerical labels in the following discussion refer to Fig.1.

The dihedral angle of SA2MBI showed they were planar or close to planar structure. There were
no imaginary frequency in the theoretical results showed that the optimized geometry of SA2MBI is
stable.

3.2 Vibrational Assignments

According to the theoretical calculations, SA2MBI belongs to C1 point group symmetry, thus all
the frequency modes are produced in a species. The molecule has 18 atoms and a total of 48 vibrations
are then expected, these modes are found to be active both in the Raman scattering and infrared
absorption.
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Fig. 2. The Comparison of the Experimental FT-IR Spectrum (red) of SA2MBI with the Theoretical
IR Spectrum (Black, B3LYP/6-311G**).
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Fig.3. The Comparison of the Experimental Rman Spectrum (red) of SA2MBI with the Theoretical
Raman Spectrum (Black, B3LYP/6-311G**).

3.3 —-NH; Vibrations

According to Socrates [36], the frequencies of amino group appear around 3500-3300cm™! for NH;
stretching, 1700-1600 cm'for scissoring and 1150-900 cm! for rocking deformations. The scaled
NH, asymmetric and symmetric stretching modes of 5A2MBI are calculated at 3542 cm™' and 3449
cm’!, respectively. The NH; scissoring frequency is found at 1610 cm™!, The NH» wagging predicted
at 568 cm’', the torsional modes of NH; is found at 250 cm™'.

3.4 —C=S Vibrations

Compounds that contain a thiocarbonyl group show absorption in the 1250-1020 cm™' region.
Thiobenzophenone and its derivatives absorb moderately in the 1224-1207 cm-1 region. According
to our calculation results, the vibrations containing contribution from the C=S bond at 388, 541, 765,
825,963, 1115, 1122, and 1598 ¢cm™'.Spectra of compounds in which the C=S group is attached to a
nitrogen atom show an absorption band in the general C=S stretching region. Very strong couplings
exist when a C=S group is attached to one or two nitrogen atoms. In addition, several other bands in
the broad region of 1563-700 cm™'can be attributed to vibrations involving interaction between C=S
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stretching and C-N stretching. 1115 and 1122 cm™! band of the 5SA2MBI was assigned as v CC(16)+
v CS(9)+ 6 CH(40)+ & NH(18) and v CC(15)+ v CS(21)+ & NH(30)+ 6 CH(17) respectively.

3.5 Benzimidazole Ring Vibrations

Skeletal vibrations, involving C=C and C=N stretching modes within the ring, absorb in the
1200~ 1500cm™ region are splitted slightly. 1157cmlin the spectrum may be assigned to C-N
stretching and C-H, N-H in plane bending modes; 1276cm!, 1310cm™ and 1627c¢m! assigned to C-
C stretching and C-C-C in plane bending mode; 1450cm™! raman band assigned to C-C stretching and
C-H, N-H ,C-C-C in plane bending modes.

3.6 Frontier Molecular Orbitals

Both the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) and their properties such as energy are very useful for chemical reaction.

The energy gaps results in a significant degree of electric excitation and charge transfer which are
responsible for the chemical and spectroscopic properties of the molecules. This is also used by the
frontier electron density for predicting the most reactive position in 7 -electron systems and also
explains several types of reaction delocalized system. The HOMO is delocalized over —C=S group,
nitro group. The HOMO—LUMO transition implies an electron density transfer to benzimidazole
ring through C-S and C-N bond from S and N atom. The HOMO—LUMO gap estimated to be 4.36ev
at the B3LYP/6-311G** level and the frontier orbitals are illustrated in Fig.4.

J

Fig.4. Plots of the Frontier Molecular Orbitals of SA2MBI Calculated at B3LYP/6-311 G** Level
3.7 UV-Vis Spectrum

The experimental and theoretical UV-Vis spectra are shown in Fig. 5. Experimental and theoretical
maximum absorption wavelengths, excitation energy, oscillator strength are collected in Table 1. The
observed peaks were found at 251 and 315nm comparison with the calculated peaks were found at
244 and 314nm, which may have been caused by the error of PCM modeling.

Table 1. Experimental and Theoretical Wavelengths A (nm), Excitation Energies (eV), and
Oscillator Strengths (f) in Gas Phase of SA2MBI.

theoretical Experimental
A/nm E/eV f Major contribution AMnm E/eV
HOMO-2—LUMO(40.5%)
244 5.08 0.202 HOMO—LUMO+1(31.7%) 251 4.95
311 4.00 0.366 HOMO—-LUMO+1(80.4%) 351 3.54
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Fig. 5.The Comparison of the Experimental (Black) and Theoretical UV-Vis spectra (Red) of
SA2MBI

4. Conclusion

The geometrical structure of 5-amino-2-mercaptobenzimidazole (SA2MBI) was done and the
corresponding structural parameters were calculated on the basis of the calculation by using
B3LYP/6-311G (d, p) level, The FT-IR and Raman spectra of SA2MBI were recorded in the solid
phase, the results are compared with the theoretical spectrum calculated by using B3LYP/6-311G (d,
p) level, our calculated results are in good agreement with the experimental values. The assignments
of the vibrational spectra on SA2MBI are well resolved and accurately assigned on the basis of the
results of the potential energy distribution (PED) which was carried out by the VEDA 4 program.
HUMO and LUMO orbitals have been visualized, it has been conclude that the HOMO—LUMO
transition implies an electron density transfer to benzimidazole ring through C-S and C-N bond from
S and N atom. The HOMO—LUMO gap estimated to be 4.36ev at the B3LYP/6-311G** level. The
UV-Vis spectrum observed peaks were found at 251 and 315nm comparison with the calculated peaks
were found at 244 and 314nm.
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