Journal of Harbin Engineering University
ISSN: 1006-7043

Vol 44 No. 8
August 2023

Fukui Functions, RDG, ELF, And LOL Analysis Of 2-Chloro-4,6-Diphenyl-
1,3,5 Triazine Using DFT

Annu, B. S. Yadav?, Jayant TeotiaZ*

LZ*Molecular Spectroscopy and Biophysics Laboratory, Department of Physics, Deva Nagri College, Meerut-
250002, Uttar Pradesh, India

*Corresponding Author: jayant.phy@gmail.com

Abstract

In the present work, various computational tools have been used for the analysis of 2-Chloro-4,6-diphenyl-1,3,5
triazine (CDP-1,3,5T) with the help of density functional theory (DFT) using the B3LYP method at 6-311++G(d,p)
and cc-pVDZ basis sets. The study of non-covalent interactions helped in analyzing reduced density gradient. The
chemical reactivity and selectivity for a local reactivity site have been analyzed using Fukui functions. The
topological characteristics such as the Localized Orbital Locator and the Electron Localisation Function of CDP-

1,3,5T are studied using Multiwfn software.
Keywords: CDP-1,3,5T, RDG, Fukui, ELF-LOL
1. Introduction

Triazine is an organic compound having a variety of
uses in the industrial and medicinal fields. A novel
triazine (R1-MOF), which acts as a flame retardant
and suppresses the release of smoke, has been
synthesized to lower the toxicity of epoxy resin that
polluted the environment [1]. The addition of an
electron-affluent ketone group to the triazine-based
covalent organic frameworks results in the
narrowing of the band gap due to the hike in ketone
content and these covalent organic framework-based
catalysts have great potential in enhancing the
photocatalytic degradation of the organic pollutants
[2]. The substituted triazine derivatives have been
used to synthesize hetero-cycle in the form of
intermediates and reagents [3]. A triazine-based
microporous organic network (TMON) is an
excellent environmental adsorbent because of its
recyclability and large surface area. The
contaminants such as nadifloxacin and flumequine
are effectively adsorbed by highly adaptable and
stable TMON [4]. The s-triazine derivatives are
endowed with higher selectivity and efficacy in
blocking mechanisms owing to which they act as
epidermal growth factor kinase inhibitors, thymidine
phosphorylase, and protein kinase paving the way
for the medicines to fight against breast cancer and
tumours [5-7]. The incorporation of nanoparticles of
calcium citrate and biguanide-based synthesis
substituted triazine derivatives exhibited anticancer
activity [8].

Owing to various applications and utilities of the
triazine compounds, the 2-Chloro-4,6-diphenyl-1,3,5
triazine (CDP-1,3,5T) molecule has been chosen for
the computational investigations assisted by density
functional theory (DFT) using B3LYP/6-311++G(d,p)
and B3LYP/cc-pVDZ basis sets.

2. Computational Details

The computational investigations on CDP-1,3,5T
have been carried out using different computational
programs with the help of 6-311++G(d,p) and cc-
pVDZ basis sets by employing B3LYP method
assisted by the Gaussian 09W [9] and Gaussview 6
[10] program to obtain the optimized structure of the
molecule. The local reactivity descriptors, Electron
Localisation Function (ELF), Localized Orbital
Locator (LOL), and Reduced Density Gradient (RDG)
have been examined using Multiwfn [11] and VMD
[12] programs.

3. Results and Discussion

3.1 Structural parameters and geometry of the
molecule

The molecular geometry of the CDP-1,3,5T molecule
is shown in Figure 1 and the structural parameters of
the compound have been obtained using 6-
311++G(d,p) and cc-pVDZ basis sets at B3LYP level
as shown in Table 1. The C-C bond length in the two
benzene rings lies between 1.390 A-1.406 A for 6-
311++G(d,p) and cc-pVDZ basis sets. Apart from the
benzene ring C-C bond length is 1.479 A at 6-
311++G(d,p) level and 1.481 A at cc-pVDZ level. The
C-H bond length lies within 1.082 A-1.084 A and
1089 A-1092 A at 6-311++G(d,p) and cc-pVDZ
levels respectively. The N-C bond length of the
triazine ring of the CDP-1,3,5T molecule lies within
1313 A-1.348 A and 1323 A-1351 A at 6-
311++G(d,p) and cc-pVDZ levels respectively. C-Cl
bond length 1.753 A at 6-311++G(d,p) level and
1.756 A at cc-pVDZ level. In the triazine ring C-N-C
and N-C-Cl bond angles lie within 114.4°-116.5° at
6-311++G(d,p) level and 114°-116.2° at cc-pVDZ
level. The N-C-C bond angles are of the order of 118°
for both basis sets. The N-C-N bond angles can be
visualized between 123.7°-127.6° at 6-311++G(d,p)
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level and 124°-128° at cc-pVDZlevel. The N-C-C and and bond angles of the CDP-1,3,5T molecule are
C-C-C bond angles lie between 119°-121° for both almost the same for 6-311++G(d,p) and cc-pVDZ
the basis sets. The computed values of bond lengths basis sets.

Figure 1. Structure of the CDP-1,3,5T molecule.

Table 1. Computed optimized structural parameters of CDP-1,3,5T molecule.

Bond Length B3LYP/ B3LYP/ Bond Angle B3LYP/ B3LYP/
(A) 6-311G++(d, p) cc-pVDZ (9) 6-311G++(d, p) cc-pVDZ
N1-C2 1.318 1.323 C2-N1-Cé6 114.3 114.0
N1-C6 1.347 1.351 N1-C2-N3 127.6 128.0
C2-N3 1.318 1.323 N1-C2-Cl7 116.2 116.1
C2-Cl7 1.753 1.756 N3-C2-Cl7 116.2 116.1
N3-C4 1.348 1.351 C2-N3-C4 114.3 114.0
C4-N5 1.338 1.342 N3-C4-N5 123.7 124.0
C4-C9 1.479 1.481 N3-C4-C9 117.6 117.4
N5-Cé 1.338 1.342 N5-C4-C9 118.7 118.6
C6-C8 1.479 1.481 C4-N5-C6 116.5 116.2
C8-C10 1.402 1.406 N1-C6-N5 123.7 124.0
C8-C14 1.402 1.406 N1-C6-C8 117.6 117.4
C9-C15 1.402 1.406 N5-C6-C8 118.7 118.6
C9-C19 1.402 1.406 C6-C8-C10 120.2 120.1
C10-C11 1.390 1.394 C6-C8-C14 120.4 120.5
C10-H20 1.082 1.090 C10-C8-C14 119.4 119.4
C11-C12 1.395 1.399 C4-C9-C15 120.4 120.5
C11-H21 1.084 1.092 C4-C9-C19 120.2 120.1
C12-C13 1.395 1.399 C15-C9-C19 119.4 119.4
C12-H22 1.084 1.092 C8-C10-C11 120.2 120.2
C13-C14 1.390 1.394 C8-C10-H20 119.0 119.0
C13-H23 1.084 1.092 C11-C10-H20 120.8 121.0
C14-H24 1.082 1.089 C10-C11-C12 120.2 120.1
C15-C16 1.390 1.394 C10-C11-H21 119.8 120.0
C15-H25 1.082 1.089 C12-C11-H21 120.1 120.1
Cl6-C17 1.395 1.399 C11-C12-C13 120.0 120.0
C16-H26 1.084 1.092 C11-C12-H22 120.0 120.0
C17-C18 1.395 1.399 C13-C12-H22 120.0 120.0
C17-H27 1.084 1.092 C12-C13-C14 120.1 120.1
C18-C19 1.390 1.394 C12-C13-H23 120.1 120.1
C18-H28 1.084 1.092 C14-C13-H23 120.0 120.0
C19-H29 1.082 1.090 C8-C14-C13 120.2 120.2
C8-C14-H24 119.0 119.0
C13-C14-H24 120.7 121.0
C9-C15-C16 120.2 120.0
C9-C15-H25 119.0 119.0
C16-C15-H25 120.7 121.0
C15-C16-C17 120.1 120.1
C15-C16-H26 120.0 120.0
C17-C16-H26 120.1 120.1
C16-C17-C18 120.0 120.0
C16-C17-H27 120.0 120.0
C18-C17-H27 120.0 120.0
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C17-C18-C19 120.2 120.1

C17-C18-H28 120.1 120.1

C19-C18-H28 120.0 120.0

C9-C19-C18 120.2 120.2

C9-C19-H29 119.0 119.0

C18-C19-H29 121.0 121.0

The molecular geometry of the CDP-1,3,5T molecule
is shown in Figure 1 and the structural parameters of
the compound have been obtained using 6-
311++G(d,p) and cc-pVDZ basis sets at B3LYP level
as shown in Table 1. The C-C bond length in the two
benzene rings lies between 1.390 A-1.406 A for 6-
311++G(d,p) and cc-pVDZ basis sets. Apart from the
benzene ring C-C bond length is 1.479 A at 6-
311++G(d,p) level and 1.481 A at cc-pVDZ level. The
C-H bond length lies within 1.082 A-1.084 A and
1089 A-1092 A at 6-311++G(d,p) and cc-pVDZ
levels respectively. The N-C bond length of the
triazine ring of the CDP-1,3,5T molecule lies within
1313 A-1.348 A and 1.323 A-1351 A at 6-
311++G(d,p) and cc-pVDZ levels respectively. C-Cl
bond length 1.753 A at 6-311++G(d,p) level and
1.756 A at cc-pVDZ level. In the triazine ring C-N-C
and N-C-Cl bond angles lie within 114.4°-116.5° at
6-311++G(d,p) level and 114°-116.2° at cc-pVDZ
level. The N-C-C bond angles are of the order of 118°
for both basis sets. The N-C-N bond angles can be
visualized between 123.7°-127.6° at 6-311++G(d,p)
level and 124°-128° at cc-pVDZlevel. The N-C-C and
C-C-C bond angles lie between 119°-121° for both
the basis sets. The computed values of bond lengths
and bond angles of the CDP-1,3,5T molecule are
almost the same for 6-311++G(d,p) and cc-pVDZ
basis sets.

3.2 Local Reactivity Descriptors

The local reactivity descriptors such as Fukui
functions are used to estimate the chemical reactivity

and selectivity sites in a molecule based on
electrophilicity and nucleophilicity [13].
The condensed dual descriptor Af(r) is given by

Af(r)= [f*-f]

The condensed Fukui functions for different
reactivity sites are listed below:

For the nucleophilic attack (Af(r) >0), fj * = q;(N+1)-
qi(N) [14]

For an electrophilic attack (Af(r)<0), fi- = qi(N)-
qi(N-1)

For radical attack, fi°=1/2[q;(N+1)-q;(N-1)]

where qj is the charge on the atom at the jth level; N,
N+1, and N-1 are the number of electrons in the
neutral, anionic, and cationic states respectively [15].

If Af(r)>0, the condition is conducive to the attack by
a nucleophile while Af(r)<0 is conducive to the attack
by an electrophile. Multiwfn program [11] assisted in
calculating the dual descriptors and Hirshfeld
charges [q(N), q(N+1), q(N-1)] of the CDP-1,3,5T
molecule as depicted in Table 2. C4 and C6 atoms
have the most positive values (0.0589) which
signifies that they are likely to be attacked by a
nucleophile whereas C8 and C9 have the most
negative values (-0.0405) hinting towards the attack
by an electrophile. The negative value of the
descriptors points toward the biological activity of
the CDP-1,3,5T molecule which might bind with the
proteins [16].

Table 2. Hirshfeld charges, condensed Fukui functions [fj-, fj*, f;°], and condensed dual descriptors Af(r) of CDP-

1,3,5T {Units used below are "e" (elementary charge)}.

Atom q(N) q(N+1) q(N-1) f- f+ fo CDD
1(N) -0.1585 -0.2239 -0.139 0.0194 0.0654 0.0424  0.046
2(C) 0.1434 0.1139 0.1604 0.0171 0.0294 0.0232 0.0124
3(N) -0.1585 -0.2239 -0.139 0.0194 0.0654 0.0424  0.046
4(C) 0.1323 0.0633 0.1425 0.0101  0.069 0.0396  0.0589
5(N) -0.146 -0.1637 -0.104 0.042 0.0177  0.0298  -0.0243
6(C) 0.1323 0.0633 0.1425 0.0101  0.069 0.0396  0.0589
7(Ch -0.0506 -0.1329 0.0128 0.0633 0.0824 0.0729  0.019
8(C) -0.0125 -0.0243 0.0397 0.0522 0.0118 0.032 -0.0405
9(C) -0.0125 -0.0243 0.0397 0.0522 0.0118 0.032 -0.0405
10(C) -0.0255 -0.0594 -0.0006 0.025 0.0339 0.0294  0.0089
11(C) -0.0344 -0.0636 0.0249 0.0593 0.0292 0.0442 -0.0301
12(C) -0.0254 -0.0815 0.0466 0.0719 0.0561 0.064 -0.0158
13(C) -0.0358 -0.0666 -0.0068 0.0291 0.0308 0.0299 0.0017
14(C) -0.0277 -0.0543 0.0187 0.0464 0.0267 0.0365 -0.0198
15(C) -0.0277 -0.0543 0.0187 0.0464 0.0267 0.0365 -0.0197
16(C) -0.0358 -0.0666 -0.0068 0.0291 0.0308 0.0299 0.0017
17(C) -0.0254 -0.0815 0.0466 0.0719 0.0561 0.064 -0.0158
18(C) -0.0344 -0.0636 0.0249 0.0593 0.0292  0.0442  -0.0301
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19(C) -0.0255 -0.0594 -0.0006 0.025 0.0339 0.0294 0.0089
20(H) 0.0412 0.021 0.0612 0.02 0.0201 0.0201 0.0001
21(H) 0.0448 0.0215 0.0752 0.0304 0.0233 0.0269 -0.0071
22(H) 0.0453 0.0133 0.0782 0.0329 0.032 0.0324 -0.0009
23(H) 0.0438 0.0207 0.068 0.0242 0.0231 0.0237 -0.0011
24(H) 0.0392 0.0256 0.0569 0.0177 0.0135 0.0156 -0.0041
25(H) 0.0392 0.0256 0.0569 0.0177 0.0135 0.0156 -0.0041
26(H) 0.0438 0.0207 0.068 0.0242 0.0231 0.0237 -0.0011
27(H) 0.0453 0.0133 0.0782 0.0329 0.032 0.0324 -0.0009
28(H) 0.0448 0.0215 0.0752 0.0304 0.0233 0.0269 -0.0071
29(H) 0.0412 0.021 0.0612 0.02 0.0201 0.0201 0.0001

3.3 Wave function Analysis: Electron Localisation
Function (ELF) and Localized Orbital Locator
(LoL)

The electronic wave function interpretation can be
achieved using LOL and ELF surfaces. The repulsion
theory given by Pauli plays a pivotal role in
comprehending ELF. For the maximum value of

87O
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Pauli’s repulsion, the value of ELF is closer to one and
if this value is minimum then ELF is equal to zero due
to the difference in the kinetic energy [17]. The
localized electron cloud can be studied with the help
of LOL. The ELF and LOL surfaces of the CDP-1,3,5T
molecule are shown in Figure 2 and Figure 3
respectively.
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Figure 3. LOL surface of CDPT

The dark blue region of the CDP-1,3,5T molecule
indicates the electronically depleted region inside
the shells that can be visualized around nitrogen,
carbon, and chlorine signifies lower values of ELF
while the red colour implies high localized electrons
and the presence of the nucleus of an atom on
account of maximum Pauli repulsion leading to
higher values of ELF as seen around the hydrogen
atom [13,18]. In LOL, the blue colour encompassing

carbon, chlorine, and nitrogen of the CDP-1,3,5T
molecule indicates the presence of a depletion region
of the electrons between inner and valence shells
whereas the red colour around carbon-carbon,
nitrogen-carbon, and chlorine-carbon suggests the
prevalence of covalent regions. The high density of
electrons around the hydrogen atoms is represented
by white colour [19].
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3.4 Reduced Density Gradient (RDG) Analysis

The non-covalent interactions dependent on
electron density gradient Bp(r) can be interpreted
graphically with the help of reduced density gradient
(RDG) S(r) [20,21] with the help of the following
relation:

[Vp(r)l

1 7
2(3m)3p(r)3
These interactions are characterized by low-density,
weak, and low-reduced gradients that have a
positive value of the Laplacian while for the covalent
interactions, this value is negative [20,22].

S(r) =

2.00
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Figure 4. Isosurface of CDP-1,3,5T in three
dimensions

The iso-surface and the scatter plot between the sign
(A2) p and RDG of the CDP-1,3,5T molecule are shown
in Figure 4 and Figure 5 respectively. If the value of
the second derivative of the electron density of the
Hessian matrix (Az) p is = 0 then it implies weak
interactive regions due to van der Waals forces and
is shown in green. A2 < 0 signifies bonding and strong
attractive interactions shown by the blue colour. A2 >
0 represents non-bonding and strong repulsive
interactions paving the way for steric effect in rings
as shown by the red colour.

In the CDP-1,3,5T molecule, the green-coloured area
on the iso-surface around hydrogen represents van
der Waals interactions. The red colour at the centre
of the isosurface of the triazine and benzene rings
signifies steric effect in the rings arising due to the
strong repulsion and the corresponding RDG scatter
plot lies in between 0.014-0.03 a.u.
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Figure 5. Reduced density gradient scatter plot of CDP-1,3,5T

4., Conclusion

The computational details of the CDP-1,3,5T
molecule have been reported for the first time. The
bond angle and the bond length have been calculated
which matches with the literature. The ELF-LOL,
RDG, and Fukui Indices confirmed that the
compound is stable and chemically reactive. The
reduced density gradient investigations of CDP-
1,3,5T proved the steric effect in the triazine ring.
Fukui indices study shows that the nitrogen atoms in
the CDP-1,3,5T molecule are prone to electrophilic
attack while the space surrounding the hydrogen and
carbon atoms is attacked by the nucleophiles. Thus,

it can be concluded that the CDP-1,3,5T molecule is a
stable molecule having the potential to be used in the
field of medicine.
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