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ABSTRACT

Classical physics perfectly describes our daily environment but becomes inoperative
at the microscopic scale of atoms and particles. Quantum mechanics is then used, in
which the quantities of matter or energy exchanged can no longer take any value and
only discretes values. The present work studied the molecules of 4-bromo-N,N-
dimethylaniline, 4-fluoro-N,N-dimethylaniline, 4-methyl-N,N-dimethylaniline by a very
precise method, and the Density-functional theory (DFT) gave an important theoretical
framework for deriving properties of quantum chemistry. The number of local reactivity
descriptors based on DFT containing electron density was given to facilitate the
understanding of the reactivity of atoms and to determine the ionization potential,
electronic affinity, chemical hardness, electronegativity and overall softness,
maximum charge transfer, overall electrophilicity, as determined by using nonlinear
optical descriptors. To prove the stability of the molecules, the 3D maps of the highest
occupied moleculars orbit, the lowest unoccupied molecular orbit, and the Mulliken
charges of each molecule was determined. The electrostatic potential served as a
guide for the early stages of a reaction, in which the interacting species were not yet
very close to each other, the bond lengths and angles of our molecules.

Keywords: DFT; chemical descriptor; nonlinear optical descriptors; electrostatic molecular
potential; density-functional theory

one molecule of aniline (aminobenzene), substituted by
two methyl groups. By habit, the term "dimethylaniline" is
rather reserved for derivatives where at least one of the

In recent years, hybrid compounds based on metal halides
have the advantages of organic and inorganic compounds.
These compounds are usually marked by their structural
and their interest in properties such as non-linear optical
activity, magnetic and catalytic properties (Wojtas et al.,
2009; Han et al, 2005). Dimethylaniline (DMA) is an
aromatic compound with the formula CgH11N. It consists of
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methyl groups is carried by the amine group, and in
particular, the term is often even associated with the single
isomer where the two methyl groups are carried by the
amine group, N,N-dimethylaniline. CsH10BrN has been
determined from iodide in pharmaceuticals and organic
compounds in vegetables and milk (Pardo et al., 2011).
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Organic materials have been used for many purposes,
especially for molecular electronics. The halogens of
aniline are 4-Bromo-N,N-dimethylaniline CsH10BrN
(Figure 1A), 4-fluoro-N,N-dimethylaniline CsH10FN (Figure
1B), 4-methyl-N,N-dimethylaniline CoHisN (Figure 1C).
This particular appearance makes it possible to master
their molecular architectures. At the moment, the
synthesis and applications of carbosilane dendrimers are
of interest. There have been reported that these
carbosilane dendrimers are non-toxic and can be
functional by a variety of reactions, making them
candidates for drug and catalyst carriers or having unique
virtual optical characteristics (Dantlgraber et al, 2002;
Ponomarenko et al,, 2000; Genson et al., 2005).

The aim of this work was study the structural
properties of the N,N dimethylaniline substituents in the

para position. Quantum chemistry calculations have been
utilized to correlate the experimental results obtained
from different methods (Lahmidi et al., 2017). The Density-
functional theory study (DFT) method with the B3LYP
correlation and hybridization function, based on 6-311G
(d, p) (Frisch et al, 2016; Duque et al, 2011), has been
described to calculate the thermochemical descriptors (the
optimization of the geometries, the lengths and the bond
angles of the molecules, the energies and the densities of
the limiting molecular orbitals, electronic chemical
potential, electronegativity, chemical hardness, overall
softness, overall electrophilic index, global nucleophilic
index, nonlinear magnetic optical properties) to compare
the stability and reactivity of these molecules and to
study their biological activities by potential molecular
electrostatic.

A

Figure 1. Optimized molecular structure of (A) CsH10BrN, (B) CsH1oFN, (C) CoH13N

2. MATERIALS AND METHODS

There are many methods of quantum chemistry such as
semi-empirical methods, ab initio methods and DFT. All of
these methods have the ability to determine atomic
molecular properties, complex clusters, etc.

The optimized geometry of three molecules was studied
by B3LYP / 6-311G (d, p) method (Sebastian et al,, 2015; Liu
and Gao, 2012). All the calculations in this study were used
with the Gaussian 09 program. The length and angle of
connection were given by the DFT method. The following
quantum chemical indices have been taken into account: the
energy of the highest occupied molecular orbit (Exomo), the
energy of the lowest unoccupied molecular orbit (ELumo), the
energy band gap AE = Enomo-ELumo, the quantum descriptors,
the electronic affinity (A), the ionization potential (I) and the
atomic partial charges (Q) were calculated for the two
structures from the potential electrostatic surface (ESP)
according to the same theory of levels (Liu and Gao, 2012).

‘:H science, engineering
- and health studies

3. RESULTS AND DISCUSSION

3.1 Quantum chemical calculation

The essential orbitals responsible for chemical stability are
the highest occupied molecular orbit (HOMO) and the
lowest unoccupied molecular orbit (LUMO). The HOMO
describes the capacity to produce the electrons, however,
LUMO defines the capacity to gain the electrons. Electronic
absorption regarding the passage of the soil in the first
level of excitement defined by an electronic excitation
from the HOMO to the LUMO (Kovécs et al., 1999). The
HOMO and LUMO of each molecule are illustrated in
Figure 2. Mulliken population analysis was used to study
the electronic charges on the atoms of the molecule. The
Mulliken charges of the three molecules are given in
Figure 3.
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Figure 2. HOMO and LUMO of (A) CsH10BrN, (B) CsHi1oFN, and (C) CoHi3N by the DFT/B3LYP method
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Figure 3. Mulliken charges of (A) CsH10BrN, (B) CsH10FN, and (C) CoH13N by the DFT/B3LYP method
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The following quantum descriptors were calculated
from the optimized structure obtained: Ilonization
potential: I=-Enomo

Electronic affinity: A = -ErLumo
Absolute electronegativity: x = %
Overall hardness: n=I1-A
Overall softness: c=-= !

n  Erumo—Enomo

)

2
ANmax = — £
n

Overall nucleophilia N: N = Enomo - Enomo(rce) with
Enomo(rce) = -9.3686 eV calculated by DFT/B3LYP.
To getan idea of the overall reactivity of the three molecules,

LA W, XN, 0, w, Nand ANmax were calculated (Table 1).

Electronic chemical potential: p =

Maximum charge transfer:

Overall electrophilicity:

Table 1. Quantum theoretical parameters of CsH10BrN, CsH10FN, and CsH13N, calculated by B3LYP / 6-311G (d, p)

Parameters Evumo (eV) Enomo (eV) AE (eV) I(eV) A (eV) u(ev)
CsH10BrN -0.3361 -5.3611 5.025 5.3611 0.3361 -2.8486
Parameters x (eV) 1 (eV) o (eV1) w (eV) N (eV) ANmax(eV)
CsH10BrN 2.8486 5.025 0.1990 0.8074 4.0075 0.5668
Parameters ELumo (eV) Enomo (eV) AE (eV) I1(eV) A (eV) u (eV)
CsH1oFN -0.3522 -5.3069 4.9546 5.3069 0.3522 -2.8295
Parameters x (eV) 1 (eV) o (eV1) w (eV) N (eV) ANmax(eV)
CsHi1oFN 2.8295 4.9547 0.2018 0.8079 4.0617 0.5710
Parameters Evumo (eV) Enomo (eV) AE (eV) I1(eV) A (eV) u (eV)
CoHi3N 0.1120 -4.9699 5.0819 4.9699 -0.1120 -2.4289
Parameters x (eV) 1 (eV) o (eV1) w (eV) N (eV) ANmax (€V)
CoHi3N 2.4289 5.0819 0.1967 0.5804 4.39 0.4779

The calculated energy gap values were 5.025 eV, 4.9546
eV, and 5.0819 eV for CsH10oBrN, CgH1oFN, and CoHisN,
respectively. These values were almost similar for the three
molecules. The overall electrophilicity index values were
0.8074 eV, 0.8079 eV and 0.5804 eV for CsH10BrN, CsH1oFN,
and CoHisN, respectively. As a result, the reactivity of
CsH10BrN and CsH10FN to nucleophilic attack was greater
than that of CoH13N. The overall nucleophilicity index values
were 4.0075 eV, 4.0617 eV and 4.39 eV for CsHioBrN,
CsH10FN, and CoHi3N. This showed that the reactivity of
CoHi3N to electrophilic attack was greater than that of
CsH10BrN and CsH10FN. The maximum charge transfer ANmax
of the three molecules was almost equal to 0.5 eV.

3.2 Non-linear optical properties

Intermolecular interactions such as drugs are widely
understood by dipole moment and the energetic terms
of hyperpolarization of the first and second-order.
The dipole moment (p), the polarizability (a), the first
hyperpolarizability () and the second hyperpolarizability
(y) were calculated using a basic set of DFT on the basis of
the 6-311G (d, p). The complete equations to calculate the
amplitude of y, o, B and y, using the components x, y, z of
09W Gaussian output, are as follows (Liu et al,, 2012; EL
Ouafy etal,, 2021)

1
p= @ +ud+ud)
_ (0yx + 0yy + oyz)

3
B = (B2 +B;+ 572
Bx = Bxxx + Bxyy + Brzz
,By = Byyy + Bxxy + Byzz
Bz = Bzzz + Bxxz + Byyz

1
<y=>= 5 Vaxxx + Vyyyy T Vazzz + 2 [yxxyy t Yyyzz + yxxzz])

The results for the non-linear optical properties of
molecules are shown in Table 2. The p of the molecules was
again calculated using DFT/B3LYP method with basic set 6-
311G (d, p). Itindicated the distribution of molecular charges
and was given as a three-dimensional vector. Consequently,
it can be utilized as a descriptor to represent the charge
movement through the molecule as a function of the positive
and negative charge centers. The p was determined for
neutral molecules. For charged molecules, its values depended
on the orientation and the choice of the origin of the
molecular.
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The results showed that the measured value of the dipole
moment of CsH1oBrN (4.3724 D) was greater than those of
CsH10FN (3.9173 D) and CoHi3N (1.9559 D), which reflected
the slight stability of CsHioBrN with respect to other
molecules.

The value of the dipolar polarizability tensors of
CsH10FN and CoH13sN were high in all three directions,
compared to the values of the polarizability tensors of
CsH10BrN. The high values of the calculated dipole
polarization were -59.4876 D and -59.9918 D for CgH10FN
and CoHisN, respectively, while the low value of dipolar
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polarization (-69.9556 D) was observed in CsH10BrN. So,
CsH10FN and C9H13N were slightly polarizable and were
mildly chemically active.

The transitions of CgsH10BrN 38.8795 D, 0.0001 D and
0.001 D were observed along the %, y and z axes with a
positive direction, whereas the transitions of CgHioFN
28.9127 D, 0.0014 D and 0.0005 D were found along the x,
y and z axes with a positive direction and the CoHi3sN
transitions -20.1038 D, 0.3983 D and 0.2827 D were found
along the x, z and y axes. The high and low (3 were
calculated to be 85.7714 D and 19.4117 in CsH10BrN and
CsH10FN, respectively. Therefore, electron delocalization
and charge transfer increased in CsH10BrN, resulting in a
greater 3 response of CsHioBrN, compared to other
molecules.

The values of the second-order hyperpolarizability v, as
well as their contributing tensors, were also observed to be
greater in CgH10FN, and CoH13N, compared to 4 CsH1oBrN.

3.3 Thermodynamic parameters

The enthalpy AH, entropy AS and free energy AG were
determined for each molecule (Table 3). The enthalpy is
a quantity related to the energy of a thermodynamic
system. It includes the internal energy of the system, to
which is added the product of the pressure by the volume.
AS was characterized by the degree of disorder or
unpredictability of the information contained in a system.
AG of CsH10BrN was lower than CsHi0FN and CoH13N. This
result meant that CsH10BrN was thermodynamically more
stable than other molecules.

Table 2. Electric dipole moments (Debye) by the DFT method of CsH10BrN, CsH10FN, and CoHi3N calculated by B3LYP / 6-

311G (d, p)
Parameters CsH10BrN CsH10FN CoH13N
Ux -4.3724 3.9173 -1.9550
Dipole moment (Debye) Uy 0.0001 0.0002 -0.0580
Ha 0.0000 -0.0003 0.0132
u 4.3724 3.9173 1.9559
Otxx -66.0092 -62.4819 -56.7768
Polarizabili
(Sef;? Mty ayy -67.2151 -53.5739 -57.6945
Ozz -76.6425 -62.4071 -65.5043
« -69.9556 -59.4876 -59.9918
[ 38.8795 28.9127 -20.1038
Buyy 20.4812 -6.2653 -4.1796
. Bxzz 26.4107 -3.2327 -5.9507
First
Hyperpolarizability Byvy 0.0001 0.0014 0.2827
(Debye) By 0.0029 0.0018 -0.1713
Byzz 0.0008 -0.0002 -0.5204
Bz 0.0010 0.0005 0.3983
Brocz 0.0024 -0.0019 0.0281
Byyz -0.0008 -0.0012 -0.3466
B 85.7714 19.4147 30.2369
Yoxxx -2673.2074 -1630.8691 -1816.7288
Yyyyy -450.3040 -432.2042 -455.1513
Second
R Y22z -140.7362 -120.2242 -134.0489
Hyperpolarizability
(Debye) Yxnry -528.8154 -308.6378 -365.0172
Yyyzz -105.6279 -99.3631 -104.6965
Yxxzz -495.2935 -269.0021 -321.7364
Y -1104.7442 -671.4607 -797.7656
Table 3. Thermodynamic parameters of CsH10BrN, CsH1oFN, and CoH13N
Molecules AH° (kcal/mol) AS° (kcal/mol/K) AG°® (kcal/mol)
CsH10BrN -291960.94 0.0857 -291989.45
CsH10FN -254331.08 0.0964 -254359.81
CoHi13N -184455.55 0.1010 -214553.55

3.4 Bond length and angle properties

The DFT level has been used with the B3LYP/6-311G (d, p)
; method, the utility of which is to describe the molecular
physical and chemical properties (Gasteiger et al., 1994).

Silpakorn Universtiy

Tables 4 and 5 show the comparison of the optimized

bond length and the angle between experimental and
calculated atomic numbered positions (Figure 1). The
optimized structure using a periodic DFT calculation
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corresponded exactly to an experimental result. The study
of the geometric product, therefore, showed an excellent
agreement between theoretical and experimental results.

3.5 Molecular electrostatic potential

Molecular electrostatic potential (MEP) results determine
regions of electrophilic or nucleophilic attack (Hathwar et
al, 2010). The MEP is mainly used in the form of the
reactivity map showing the region’s most likely for the
electrophilic attack of molecules. Contour MEP and the
map produce a tool for predicting how different geometries
may interact. The total electron density and the MEP

Table 4. Bond lengths (A) of CsH10BrN, CsH1oFN, and CoH13N

surface of the molecules studied were obtained by B3LYP
/ 6-311G (d, p). Electrostatic potential maps and contour
electrostatic potential of CsH10BrN, CsH1oFN, and CoH13N
are given in Figures 4 and 5. The red-colored parts of the
MEP surface are rich in electrons; blue is electron deficient;
light blue is slightly electron deficient; yellow is slightly
rich in electrons; green is neutral. The positively charged
regions indicate the nucleophilic attack parts while the
red-colored parts indicate the regions intended for the
electrophilic attack. The sites of electrophilic attack were
Br8, F8 and N7 for CsHioBrN, CsHioFN and CoHi3N,
respectively.

Bond length (A) CsH10BrN CsH1oFN CoH13N Exp 4-methylaniline
C1-C2 1.3948 1.3948 1.3948 1.40
C2-C3 1.3949 1.3949 1.3949 139
C3-C4 1.3948 1.3948 1.3948 1.36
C4-C5 1.3948 1.3948 1.3948 139
C5-C6 1.3949 1.3949 1.3949 139
C6-N7 1.266 1.266 1.266
N7-C9 1.4699 1.4701 1.47 1.43
N7-C10 1.4701 1.47 1.4701 1.40
C3-Br8 1.881
C3-F8 132
C3-C8 1.4969 1.55

Note: The experimental values of the first were extracted from the crystal structure (Tzeng etal., 1998)

Table 5. Angles (89) of CsH10BrN, CsH10FN, and CoH13N

Angles (62) CsH10BrN CgH10FN CoHu13N Exp 4-methylaniline
C1-C2-C3 120.0007 119.9969 119.9969 120.5

C2-C3-C4 120.0002 120.0002 120.0002 120.5

C3-C4-C5 120.0033 120.0018 120.0033 120.3

C5-C6-N7 119.9954 120.0009 120.0033

C9-N7-C10 120.0034 119.9994 119.9993 119.2

C2-C3-Br8 119.9997

C2-C3-F8 119.9984

C2-C3-C8 119.9992 119.2

Note: The experimental values of the first are extracted from the crystal structure (Tzeng etal., 1998)
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Figure 4. Electrostatic potential maps around the molecule of (A) CsH10BrN, (B) CsH10FN, and (C) CoH13N
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Figure 5. Contour electrostatic potential around the molecule of conformers of (A) CsH10BrN, (B) CsH10FN, and (C) CoH13N
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4. CONCLUSION

The electronic properties of CsH10BrN, CsH10FN and CoH13N
were calculated. The HOMO and LUMO energy deviations
described the possible charge, transfer interactions taking
place in the molecules, the determination of the theoretical
molecular structures, the electrostatic potential contour
and electrostatic potential maps around molecules have
been found by the DFT method using the B3LYP / 6-311G
(d, p) basis. The MEP surface can lead to an understanding
of the properties and activity of molecules. Linear
polarizability (o), first hyperpolarizability () and second
hyperpolarizability (y) values of the studied molecule were
calculated.

In summary, some important points could be
concluded. DFT/B3LYP/6-311G (d, p) has been found to be
a good computational method to predict the geometric
results. Global descriptors, thermodynamic study and
nonlinear optical properties have shown that CoH13N was
more reactive (HOMO and LUMO were close to each other)
and CsHi10BrN is the stable molecule. The electrostatic
potential molecule motivated the regions rich in electrons
intended for electrophilic attacks as well as the positive
electron acceptor sites.
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