www.dergipark.qgov.tr
ISSN:2148-3736
El-Cezeri Fen ve Miihendislik Dergisi

Cilt: 9, No: 2, 2022 (740-747) E < ‘J S E

El-Cezer? Journal of Science and Engineering
Vol: 9, No: 2, 2022 (740-747)
DOl : 10.31202/ecjse.1000757

Makale / Research Paper

Impact of Solvent Polarity on the Molecular Properties of Dimetridazole

Rebaz Anwar OMER™ 1?2, Lana Omer AHMED?, Pelin Koparir®, Jawameer Hama®

!Department of Chemistry, Faculty of Science &amp; Health, Koya University, Koya KOY45, Iraq
2Department of Chemistry, Faculty of Science, Firat University, 23169, Elazig, Turkey
3Department of Physics, Faculty of Science &amp; Health, Koya University, Koya KOY45, Iraq
“Forensic Medicine Institute, Department of Chemistry, Firat University, 23169 Elazig, Turkey
Department of Chemistry, College of Science, University of Raparin, Rania, Iraq.

rebaz.anwar@koyauniversity.org

Received/Gelis: 25.09.2021 Accepted/Kabul: 28.10.2021

Abstract: Recently molecular activity of dimetridazole (DMZ) gained interested due to medical applications.
In this study, a computational investigation of the solvent impact on solvation free energy, dipole moments,
polarizability, hyper-polarizability and characteristic atomic properties; hardness and softness quality, chemical
potential, electronegativity and electrophilicity have been accounted for DMZ. All forms of the calculation for
both gas phase and solution phase used Becke 3-Parameter of Lee-Yang parr (B3LYP) theory with a 631++G
basis set. Using the Solvation Model on Density (SMD), the effect of solvent polarity on solvation free energy,
dipole moment, polarizability, hyper-polarizability and molecular properties were measured. The dipole
moment of the DMZ was lower value in a gas phase comparative with the solution phase. Furthermore, the
electronegativity and chemical potential were increased from non-polar to polar solvents, while the
electrophilicity index was decreased. However, in the case of chemical hardness & softness, the opposite
relationship has been found. The results of this study contribute to an understanding of the molecular activity
of DMZ and stimulate its activity in the solution phase.

Keywords: Dimetrizole, Solvation model, Dipole moment, Solvent-free energy, Molecule polarizability.

Coziicii Polaritesinin Dimetridazoliin Molekiiler Ozellikleri
Uzerindeki Etkisi

Oz: Son zamanlarda tibbi uygulamalar nedeniyle dimetridazoliin (DMZ) molekiiler aktivitesi ilgi gérmeye
baglamistir. Bu ¢alismada, ¢oziiciiniin ¢oziinme serbest enerjisi, dipol momentleri, polarize edilebilirlik, hiper-
polarize edilebilirlik ve karakteristik atomik 6zellikler tizerindeki etkisinin hesaplamali bir aragtirmasi; DMZ
i¢in sertlik ve yumusaklik kalitesi, kimyasal potansiyel, elektronegatiflik ve elektrofilik hesaplanmistir. Hem
gaz fazi hem de ¢ozelti fazi igin tiim hesaplama bigimleri, bir 631++G temel seti ile Lee-Yang parr (B3LYP)
teorisinin Becke 3-Parametresini kullandi. C6zme Modeli Yogunluk (SMD) kullanilarak ¢oziicli polaritesinin
solvasyon serbest enerjisi, dipol momenti, polarize edilebilirlik, hiper-polarize edilebilirlik ve molekiiler
ozellikler {izerindeki etkisi Ol¢iilmiistiir. DMZ'nin dipol momenti, ¢dzelti fazina kiyasla bir gaz fazinda daha
diisiik bir degerdi. Ayrica, polar olmayan ¢oziiciilerden polar ¢oziiciilere dogru elektronegatiflik ve kimyasal
potansiyel artarken, elektrofiliklik indeksi azalmistir. Ancak, kimyasal sertlik ve yumusaklik durumunda tam
tersi bir iligki bulunmustur. Bu ¢aligmanin sonuglari, DMZ'nin molekiiler aktivitesinin anlasilmasina katkida
bulunur ve ¢ozelti fazindaki aktivitesini uyarir.

Anahtar kelimeler: Dimetrizol, Solvasyon modeli, Dipol momenti, Solventsiz enerji, Molekiil polarize
edilebilirligi..
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1. Introduction

Dimetridazole (1,2-dimethyl-5-nitroimidazole) (DMZ) (Figure 1) is in the imidazole family drugs[1,
2], and used to manage turkey flock infection with Histomonas meleagridis that develops
Histomoniasis (or 'blackhead'), as well as poultry coccidiosis [3]. DMZ residues were found in the
tissue of broiler and eggs, due to unintended contamination of the feed or excessive use of the drug
[4]. Different analytical methods have been used for the determination of DMZ, including high-
performance liquid chromatography with detection of UV or diode-array [5-8] with electrochemical
detection[9] and gas chromatography with electron-capture detection [10].

Modern techniques have been used to investigate the role, structure, and interaction of biologically
active [11, 12]. DFT has a reasonable cost-accuracy ratio for large systems in terms of the required
computational efforts, the calculations are always prohibitive and work best for charged systems [13,
14]. In addition, the DFT methods can fill the gap between existing semi-empirical methods in terms
of the cost-accuracy ratio with a physically sound approach. Using DFT has elevated the performance
of the systems and eliminate self-interaction error and extended charged systems even when treated
unscreened are unproblematic. Also, DFT calculation is performed completely analytical for the
computation of gradients to eliminate the problems with numerical noise in geometry optimizations
or frequency calculations [15, 16].

In this research, the effect of solvent on solvent-free energy, dipole moment, polarizability, first-order
hyper-polarizability, and chemical reactivity of DMZ was assessed, which potentially help to better
understand the stability of DMZ in various solution phases, and help to develop new pharmaceutical
and (bio)chemical products derived from DMZ.

(@) (b)

Figure 1. Structure of MDZ in the form of a) Planar structure and b) 3D structure.

2. Computational Methods

All forms of calculations were performed using the Gaussian 09 software package [17, 18]. Becke,
3-parameter, Lee-Yang-Parr (B3LYP) with 6-31++G basis set theory was good agreement with
geometries structure of the molecules [19-23]. The geometries of DMZ were optimized at the B3LYP
theory level with a 6-31++G basis set. The optimization and frequency of the title molecule were
confirmed at lower energy states. Using the Solvation Model on Density (SMD), solvation free
energies, dipole moment, and molecular properties were determined. Six solvent such as Water,
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Acetonitrile, Acetone, Chloroform, Diethyl ether, and Heptane was used. The optimized solution-
phase structures were used to perform all calculations involving solvation.

3. Results and Discussion

Free Energy of Solvent: The SMD model proposed was used for the measurement of solvation-free
energy in six different solvents namely Water, Acetonitrile, Acetone, Chloroform, Diethyl ether, and
Heptane. The energy of the free solvation (AG) is determined by the following equation.

AG = (Sum of electronic and thermal energy in solvent phase) — (Sum of electronic and thermal
energy in the gas phase).

Free energy of the solvent has steadily decreased from higher to lower dielectric constants continues,
which means with the diminishing polarity of the solvent, free energy decreases, Figure 2. This is
because of the different degrees of the interaction and stabilization of the HOMO-LUMO orbitals in
various solvents. The energy bandgap from HOMO-LUMO increasing with the decreasing of the
solvent polarity[24]. The suggestion of the DMZ drugs to higher interaction in a decreasing polarity
of the solvents such as Heptane.
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Figure 2. The effect of solvent-free energy salvation and dipole moment of DMZ.

Dipole moment: It is predicted that the dipole moment is greater in solution than the corresponding
dipole moment in the gas phase. The dipole moments are measured in the gas phase and various
solvents (Water, Acetonitrile, Acetone, Chloroform, Diethyl ether, and Heptane) at the B3LYP theory
stage are provided in Figure 2. with 6-31++G as the basis set using the SMD solvation model. In
various solvents, the measured dipole moment was discovered in the 6.8431D to 5.882D range.
Generally, with the increasing polarity of the solvent, the dipole moment has also been steadily
increased in Figure 2.
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Polarizability and hyper-polarizability: The measure of distortion of a molecule in an electric field
is polarizability. Polarizability is used to assess the frequency of molecular interactions and the optical
properties of a system. The following equation was used to determine the polarizability (o).

a = 1/3 (axx+oyy+azz) Q)

A molecule with a low HOMO-LUMO distance is more polarizable and is known as a soft molecule
with high chemical reactivity, low Kinetic stability, and high electro-optic reaction [25-29]. The
polarizability of DMZ is described in Table 1. The higher polarizability value in a higher dielectric
constant i.e. the reactivity increases with increasing the polarity of the solvent, Table 2. This is due
to a different degree of solvent interactions HOMO and LUMO orbital ina DMZ molecule. Increasing
dielectric constant of the solvent, the HOMO-LUMO energy gap decreases, so the molecule becomes
more reactive with increasing solvent polarity, Table 2. However, the polarizability of DMZ varied
from 61.48413 to 61.48413 a. u.in different solvents.

Table 1. Effect of the medium on polarizability (a. u.) and first-order hyper-polarizability (a. u.)

Medium a(xx) o(yy) o(zz) o(mean) PB(x) B(y) B(z)  P(mean)
Gas 66.73 58.72 57.585 61.01 55.82 2759 0.002 62.27
Water 68.12 58.94 5739 6148 68.05 37.64 0.002 77.77
Acetonitrile  68.07 58.94 57.39 61.47 67.77 3736 0.002 77.38
Acetone 68.01 58.92 5740 6144 67.38 36.99 0.002 76.87

Chloroform  67.62 58.82 57.44 61.30 64.63 3448 0.002 73.25
Diethyl ether 67.58 58.81 57.45 61.28 64.27 3416 0.002 72.79
Heptane 67.15 58.75 5751 61.14 60.47 31.02 0.002 67.96

Hyper-polarizability (B) of the first order is a nonlinear optical activity measurement that can be of
various types, such as Bvec, (B vector), BII (B parallel), and Btot (P total). It is a tensor of the third
rank that can be defined by a matrix of 3 x 3 x 3. Because of the Kleinman symmetry, the 27 3D
matrix components can be reduced to 10 components [30, 31]. 10 components of this matrix are given
by GAUSSIAN as Bxxx, Byxx, Bxyy, Byyy, Pxxz, Bxyz, xxz, Byzz, fzzz, and fzzz respectively, from
which all x, y, and z components of B can be determined. In this investigation, for all the solvent
systems listed in Table 3, we report Btotal.

It is possible to calculate the Btotal variable using the following equation.

Btotal = (Bx*+By*+pz>)"? (2)
Where,
ﬁ X - B xxx+Bxyy+szz (3)
B,= B, BB @)
ﬁz - Bzzz+Bxxz+Byyz (5)

The first order hyper-polarizability increased when moving from lower to higher dielectric constant,
i.e. with increasing polarity of the solvent, the first order hyper-polarizability increased, Table 1. The
hyper-polarizability difference in various solvents ranged from 67.95664 to 77.76577 a. u.
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Reactivity Description: The molecular electrical transport properties are determined by the HOMO
and LUMO energy difference. The HOMO-LUMO energy gap is used for the measurement of global
chemical reactivity. The following formula can be used to measure the hardness (1)), chemical
potential (p), and electro-negativity () and softness (S) which was described by Koopman 's theorem
for closed-shell molecules [32-36].

n= " ©

p=-22 )
I+A

AL ®

s=2 ©)
n

Where | and A are the molecules' ionization potential and electron affinity of the molecule,
respectively and I=-Exomo, A=-ELumo. A large distance gap between HOMO-LUMO is known as
hard molecules, whereas small HOMO-LUMO gap molecules are considered soft molecules. It is
possible to compare the molecule's stability to hardness and softness. A molecule with a minimum
distance between HOMO and LUMO is more reactive and vice versa. Parr et al. 1999 [26] identified
a molecule's global electrophilic power as an electrophilicity index (w) that can be represented by the
formula as follows:

_ 2

oo—zn

(10)

Table 2. Molecular orbital energy (eV) (HOMO and LUMO) of DMZ in different solvents

Medium HOMO LUMO AE

Gas -7.261 -2.759 4,501
Water -7.194 -2.933 4.261
Acetonitrile -7.196 -2.929 4.267
Acetone -7.198 -2.923 4.275
Chloroform -7.213 -2.882 4,331
Diethyl ether -7.215 -2.877 4.338
Heptane -7.234 -2.821 4,413

Table 3. Effect of Medium on molecular properties of MDZ.

Medium ﬁgf(;?]:ecsasl sztsn)ess igfemn'ltfzfll Electro(n;g;ativity Elei(;]tggf)(t}icloi)city
M) (W
Gas 5.881 0.170 -5.010 8.640 73.80
Water 5.727 0.175 -5.063 8.660 73.42
Acetonitrile 5.732 0.174 -5.062 8.660 73.44
Acetone 5.737 0.174 -5.060 8.659 73.45
Chloroform 5.772 0.173 -5.047 8.654 73.52
Diethyl ether 5.777 0.173 -5.046 8.653 73.53

Heptane 5.824 0.172 -5.028 8.645 73.60
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The above equations are used for calculating the chemical potential, hardness, and electrophilicity
index. In terms of their reactivity and site selectivity, this reactivity quantity has been used to
recognize the toxicity of different contaminants [37, 38]. Table 3 presents the molecular properties of
DMZ in the gas phase and various media. The chemical potential and electronegativity were increased
from non-polar to polar solvents, except in gas was the iminium value, Table 3. Were as the
electrophilicity index was decreased from higher polar solvent to lower polar solvents the maximum
electrophilicity index was in a gas phase, Table 3. On the other hand, with the decreasing polarity of
the solvent, chemical hardness increased, in the case of softness, the opposite relation was found.

4. Conclusion

In this study, the effect of the solvent-free energy, dipole moment, and molecular properties have
been determined for DMZ drugs by used the B3LYP theory with a 6-31++G basis set. As the
dielectric constant was decreased, the solvation energies decreased steadily. With the increasing
polarity of the solvent, the dipole moment, polarizability, and first-order hyperpolarizability of DMZ
have steadily increased. The chemical potential and electronegativity were increased from non-polar
to polar solvents, except for gases, while the Electrophilicity index was decreased from nonpolar to
polar solvent. The chemical potential and electronegativity of the DMZ in water are greater than the
other solvents, but the value of the Electrophilicity index in Heptane was the greater value compared
to the other solvents. On the other hand, with decreasing solvent polarity, chemical hardness increased
and the inverse relationship was observed in the case of softness.

It can be concluded that DMZ was more reactive and unstable molecules in a polar solvent, This is
evident in the polarizability and chemical softness of various solvents. The finding obtained in this
study may help to theoretical evidence for DMZ in a reaction intermediate and pharmaceutical study.
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