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Abstract

This research article delves into the profound ramifications of halogenation on anthracene within the captivating domain
of polycyclic aromatic hydrocarbons (PAHs). By employing Density Functional Theory (DFT) calculations, the study
comprehensively explores the intricate interplay between halogen atoms and the molecular framework of anthracene. The
entwining of halogens such as fluorine, chlorine, and bromine with aromatic rings orchestrates a symphony of changes,
reshaping electronic structures, reactivity, and optical behaviors. This investigation traverses diverse analytical landscapes,
encompassing molecular orbitals and Density of States analysis, UV-visibility spectra, infrared spectroscopy, nuclear
magnetic resonance (NMR), and natural bond orbital (NBO) analysis, unveiling the intricate tapestry of molecular
modifications. The electronic transitions, vibrational signatures, and NMR shifts of halogenated derivatives illuminate the
dynamic effects of halogenation. Moreover, the study contemplates their potential across medicinal, environmental, and
optoelectronic landscapes. Ultimately, this exploration presents a comprehensive narrative that harmonizes theoretical
insights with practical applications.
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1. Introduction

Anthracene, a fundamental polycyclic
aromatic hydrocarbon (PAH), embodies the
intricate interplay among fused aromatic rings
[1, 2]. Recent scientific attention has pivoted
towards understanding the transformative
impact of halogenation on these molecules,
with halogens like fluorine, chlorine, and
bromine intricately engaging with anthracene
and reshaping its potential [3]. Halogenation
is a precision tool that crafts a fresh narrative
for PAHs, meticulously refining electronic
structure and reactivity, altering energy levels,
influencing absorption spectra, and sculpting
fluorescence behavior [4-6]. The derivatives of
halogenated anthracene beckon across diverse
scientific horizons. In the realm of medicine,
these derivatives hold promise as antibacterial
and antifungal agents, candidates for innovative
therapies against cancer and infectious diseases,
and as components of advanced drug delivery
systems [7-11]. Environmental considerations
arise as halogenated PAHs traverse the realms
of air, water, and soil, shaping their destiny and
toxicity profiles, underscoring the importance of
ecological understanding [12-14].

In this research endeavor, we embark on a
computational journey, dissecting the effects of
halogenation on anthracene and its derivatives.
Employing analytical methods spanning
molecular orbitals, UV-visibility, IR spectroscopy,
NMR, Potential Energy Maps (PES), and more, we
unravel the intricate tapestry of these molecules.
From unraveling drug likeness to unveiling
electronic intricacies, this study contributes
to comprehending halogenated anthracene
derivatives and their applications.

2. Computational procedure

In this study, Density Functional Theory (DFT)
calculations were conducted using the Gaussian
09 computational package. The B3LYP functional
was employed for molecular optimization,
employing the 6-311G basis set [15-18].

3. Results and discussion

Anthracene and its derivatives doped with
fluorine, chlorine, and bromine underwent
design via GaussView. Subsequently, a DFT
model was employed to optimize their structures,
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utilizing the B3LYP/6-311G basis set known for
its appropriateness in capturing low-energy
configurations (i.e., basis set with the lowest
energy [19-21].

3.1. Molecular orbitals (MOs) and density of
states (DOS) analysis

MOs and DOS analysis are pivotal for
comprehending a material’s electronic structure
[22-24]. MOs define electron distribution within
molecules, while DOS analysis illustrates energy
level distribution (Figs. 1, 2). The energy gap,
exemplified by the difference between the Highest
Occupied Molecular Orbital (HOMO) and Lowest
Unoccupied Molecular Orbital (LUMO) energies,
significantly influences reactivity and optical
attributes [25, 26]. For instance, in the context of
halogen-doped anthracene, the undoped molecule
displays a HOMO-LUMO gap of 3.5785 eV. Upon
fluorine, chlorine, or bromine substitution, this
gap decreases by 0.0069, 0.0224, and 0.0301 eV
respectively,due to changes in electron distribution.
This interplay between MOs, DOS analysis,
and energy gap values offers a comprehensive
understanding of electronic transitions, reactivity,
and optical behavior in the realm of molecules and
materials [27, 28]. Fig. 2 shows that the halogen-
doped structures have higher DOS than anthracene,
which means they have more available electron
states at a given energy level. This could affect their
electrical and optical properties.

Anthracene-F Anthracens

Anthracene-Cl

Anthracene-Br

Fig. 1. Optimized structures and MOs of anthracene
and its structures doped with halogens
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Fig. 2. DOS analysis for anthracene and its halogen-doped structures

The quantum chemical parameters
of anthracene and its halogen-substituted
derivatives vary systematically with the size of
the halogen atom (Table 1). For example, the total
energy of the compounds decreases as the halogen
atom becomes larger [29], from -14684.7709 eV
for anthracene to —-84714.4531 eV for anthracene-
Br. This is because the halogen atoms have more
electrons, Doping anthracene with halogens leads
toadecreaseinE, andE . This effectis due
to the higher electronegativity of halogen atoms,
causing electron repulsion from the aromatic ring.
Consequently, the AE (HOMO-LUMO gap) of the
compounds decreases in the order anthracene >
anthracene-F > anthracene-Cl > anthracene-Br,
indicating increased polarizability with larger
halogen atoms [30-32].

The ionization potential (I) and electron
affinity (A) of anthracene and its halogen
derivatives increase with the size of the halogen
atom, from 5.4899 eVand 1.9114 eV for anthracene
to 5.6988 eV and 2.1504 eV for anthracene-Br,
respectively. This is due to the lower HOMO
and LUMO energies, which affect the ease of
electron removal and addition [33]. The chemical
hardness (n) and softness (S) of anthracene and
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its halogen derivatives are inversely related to
the size of the halogen atom [34]. The n values
decrease from 1.7892 eV for anthracene to
1.7742 eV for anthracene-Br, due to the smaller
HOMO-LUMO gap and higher polarizability. The
Svalues increase from 0.5589 eV-! for anthracene
to 0.5636 eV-! for anthracene-Br, due to the
smaller HOMO-LUMO gap and higher reactivity.
The electrophilicity (o) and nucleophilicity
(Nu) of anthracene and its derivatives vary with
the halogen doping. The » values exhibit an
ascending trend from 3.8269 eV for anthracene to
4.3407 eV for anthracene-Br, due to the enhanced
electrophilic nature of the halogens. The Nu
values display a descending trend accordingly [35,
36]. The different halogen substituents (F, Cl, Br)
have an impact on the electronic properties of
the compounds, influencing parameters like AE
backdonation and the transfer electron fraction
AN (Fe). The specific effects are influenced by
the nature of the halogen atom and its electronic
interactions within the molecular structure

3.2. Ultraviolet-visible (UV-Vis) analysis

Gaussian software facilitated energy
calculations, optimizing the structure with the
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6-311G(d,p) basis set. The TD-SCF method was
applied for electronic transition and absorption
spectrum analysis [37-39]. Fig. 3 illustrates
absorption coefficient variation with incident
light wavelength, highlighting greater coefficients
representing enhanced light absorption.

Anthracene possesses a series of conjugated
double bonds, which impart it with various
intriguing properties, notably its capability to
absorb UV light [40-42].

Anthracene doping with the first three
halogens increases electron density in the
HOMO and LUMO orbitals. This reduces the
energy gap between the HOMO and LUMO
orbitals and affects the optical properties of
the anthracene molecule. Consequently, the
electrons at the HOMO of the doped molecules
require energy with a lower frequency and higher
wavelength to transition from HOMO to LUMO
[43]. This phenomenon enhances the likelihood
of the doped molecules absorbing light in the
visible spectrum (Fig. 3). As a result, the doped
molecules exhibit more pronounced coloration
compared to the undoped molecules (i.e., A =
382.8, 384.3, 387, and 430.2 nm for Anthracene,

Anthracene

200 o] &0 e
Wayelergih (rev
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anthracene-F, anthracene-Br, and anthracene-
Cl respectively).

3.3. Infrared (IR) analysis

Gaussian software was utilized to perform
energy calculations, resulting in the optimized
structure obtained through the 6-311G(d,p) basis
set [40, 44].

The identification of conjugated rings within
the anthracene structure is facilitated by its
distinctive aromatic C-H stretching. Notably, the
C-H stretching vibrations of PAHs are commonly
observed around 3100 cm™* [45-49]. This study
calculates the theoretically estimated aromatic
C-H stretching vibrational modes within the
range of 3154-3188 cm™! (Fig. 4).

The study’s exploration of halogen doping’s
impact on the infrared (IR) spectra of anthracene
uncovers noteworthy transformations. Initially,
the introduction of halogen atoms induces shifts
in absorption peak positions, signifying changes
in molecular vibrations and bond strengths (e.g.,
C=C-Hinundoped anthracene at 3154-3188 cm?,
shifting to 3295-3321 cm™! for fluorine-doped
anthracene). Moreover, novel absorption bands

Anthracene -F

wa 400 oo =
Wavebengeh irer

Anthracene -Br

.| . - T

L1 400 b (1<) ) ]
Pravelengih (re

Fig. 3. UV-Vis. absorption spectra of anthracene and its halogen-doped derivatives
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emerge, indicating the formation of fresh
vibrational modes and functional groups. The
study also detects alterations in intensity
and band width for specific absorption peaks,
indicative of variations in molecular flexibility and
rigidity. Notably, the presence of halogen atoms
introduces distinct IR absorption peaks linked
to the halogen groups themselves. Collectively,
this investigation offers valuable insights into
the modifications induced by halogen doping,
shedding light on their intricate influence on the
IR spectra of these molecules.

3.4. Nuclear magnetic resonance (NMR)

Fig. 5 illustrates the theoretically computed
H-NMR and C-NMR structures for both pristine
anthracene and its derivatives doped with the
first three halogen group members. The NMR
calculations were performed using Gaussian
09 software. The shielding range for normal
anthracene spans from -50 to 100 ppm [24].
Notably, introducing fluorine caused a ppm
shift ranging from -100 to 300 ppm. This
ppm shifts persisted when chlorine replaced
fluorine, spanning from -200 to 700 ppm. With
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the introduction of bromine, the ppm shift
intensified, ranging from -500 to 2000 ppm. This
trend indicated an expanded shielding range
corresponding to the increasing electronegativity
of the halogen family. Fig. 5 portrays the original
NMR peaks of undoped anthracene, with more
carbon resonances at the upfield and fewer at the
downfield. The introduction of fluorine led to a
notable transformation in molecule orientation.
A distinct medium peak for fluorine emerged at
290.128 ppm, while carbon and hydrogen atoms
underwent chemical environment changes due
to inductive and neighboring effects. The same
pattern held when chlorine and later bromine
replaced fluorine, manifesting peaks at 704.749
and 1968.174 ppm, respectively. This observation
underscores the linear relationship between NMR
peaks generated by halogen family members in
anthracene and their electronegativity.

3.5. Potential energy map (PEM) and charge
distribution

The PES and charge distribution significantly
impact the molecular orientation and influence
the optical and electrical properties of the

Transmittance (%)

Anth

Anth-l

Anth-Cl

Anth-Br

N | | |
0 500 1000 1500

| I
2000 2500 3000 3500

Wavenumber (cm™)
Fig. 4. IR spectrum for anthracene and its halogenation with F, Cl and Br
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Fig. 5. NMR of anthracene and its halogen-doped derivatives

molecules [50-52]. Fig. 6 shows the PESs of
anthracene and its halogen-doped derivatives.
These maps illustrate how the charge distribution
of a molecule varies in three dimensions, using
different colors to indicate high and low charge
density regions. The charge distribution is
calculated as the net charge on each atom or
group of atoms in a molecule. The arrows in
Figure 6 represent the direction and magnitude of
the dipole moments of each molecule. The dipole
moment is a vector quantity that measures the
molecular polarity, or the degree of separation

-] -] L]
*0®e%0%e°
®0%0%e%e
] ] ]
0,041 : +0.094 -0,234 ; +0.246
Anthracene Anthracene-F

of positive and negative charges in a molecule.
A higher dipole moment indicates a more polar
molecule.

Anthracene has a symmetrical charge
distribution and no net dipole moment, as shown
in Fig. 6 and Table 1. This means that it is a non-
polar molecule with no net charge. However,
when anthracene is doped with halogens, such
as fluorine, chlorine, or bromine, its charge
distribution and polarity change dramatically.
Halogens are more electronegative than carbon
and hydrogen [53], which means that they pull

LY
LY

+

4 o E 1 ]
Mp (,lf?i'f:'
@ 2 @ s o @
2 _& e._® & _»
S &b S ab a3 & 3
e _¢_o_¢o +®0%0%0
"o 0o 9 o - T
- ] -
-0,257 : #0118 0,202 - 0,111

Anthracene-Cl Anthracene-Br

Fig. 6. PEM and charge distributions for anthracene and its halogen-doped structures
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Table 1. Quantum chemical parameter’s values of study compounds

Quantum chemical parameters |Anthanthrene| Anthanthrene-F | Anthanthrene-Cl | Anthanthrene-Br
Total Energy (eV) -14684.7709 —-17385.8899 -27191,7283 —-84714.4531
E om0 (€V) -5.4899 -5.6231 -5.7072 -5.6988

E v (€Y) -1.9114 -2.0515 -2.1511 -2.1504
AE (eV) 3.5785 3.5716 3.5561 3.5484
Ionization potential I (eV) 5.4899 5.6231 5.7072 5.6988
Electron affinity A (eV) 1.9114 2.0515 2.1511 2.1504
Chemical hardness «n» (eV) 1.7892 1.7858 1.7780 1.7742
Chemical softness S (eV-!) 0.5589 0.5600 0.5624 0.5636
Electronegativity x (eV) 3.7006 3.8373 3.9292 3.9246
Chemical potential pu (eV) -3.7006 -3.8373 -3.9292 —-3.9246
Electrophilicity  (eV) 3.8269 4.1228 4.3414 4.3407
Nucleophilicity Nu (eV-1) 0.2613 0.2426 0.2303 0.2304
AE backdonation -0.4473 -0.4464 -0.4445 -0.4436
Transfer electron fraction AN 2.9517 2.8239 2.7300 2.7282
Dipole-moment (Debye), «<uD» 0.0000 1.7247 2.3449 2.2182

more electrons towards themselves. This causes
a shift of electron density from the carbon rings
to the halogen atom, creating an asymmetrical
charge distribution and a net dipole moment
in the molecule. Table 1 show that chlorine-
doped anthracene has the largest dipole moment
(2.3449), followed by bromine-doped (2.2182),
and fluorine-doped anthracene (1.7247). This
implies that chlorine-doped anthracene is the
most polar and reactive molecule among the four
shown in Fig. 6.

3.6. Reduced density gradient (RDG) and
noncovalent interactions (NCI)

The innovative utilization of reduced density
gradient (RDG) and noncovalent interactions
(NCI) has revolutionized the exploration of
weak intermolecular forces. Through the RDG
methodology, the NCIindex serves as a compelling
tool to substantiate non-covalent interactions.
RDG s a dimensionless parameter that synergizes
density and its derivative. Employing Multiwfn
for RDG in eq. (1) scatter plots and VMD for 3D
isosurfaces, the visualization of these intricate
interactions is enriched:

1|Vp(r
e 0
2(311:r2)3 p3(r)
The investigative NCI pursuits are founded
on an isosurface threshold of 0.5, within the

RDG(r)=
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RDG isosurface scope of -0.035 to 0.02 atomic
units, as elegantly showcased in Fig. 7. This
analysis is further elevated through graphical
representation, which correlates the function p(r)
with the sign of A2, offering profound insights
into molecular interactions. The polarity of
sign(A2)p yields invaluable predictions: a negative
value signifies attractive, bound interactions,
while a positive value signifies repulsive, non-
bonded interactions. The scatter graphs in Fig. 7
transcends visual complexity. By stratifying
spikes based on sign(A2)p, distinct color-coded
zones emerge-red for robust repulsion, green
for delicate attraction (van der Waals), and
blue for potent intermolecular interactions,
particularly robust hydrogen bonding. These
advancements underscore the pivotal role of RDG
and NCI methodologies in decoding intricate
intermolecular dynamics [54-58].

When compared to other compounds,
those containing fluorine display a heightened
concentration of points on the graph. This finding
indicates that weak hydrogen bonds and van der
Waals interactions within fluorine-containing
compounds are more robust. This insight is
underscored by the red patches in Fig. 7, which
are localized within aromatic rings and signify
significant repulsive interactions. Furthermore,
in the same Fig. 7, a green isosurface linked to the
anthracene compound emerges, highlighting van
der Waals interactions. This specific isosurface’s
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Fig. 7. RDG Analysis of Studied Compounds — Weak and Strong Interactions

positioning corroborates the presence of these
interactions. Simultaneously, it provides evidence
for weak hydrogen bonding and additional
hydrogen-hydrogen contacts (H-H).
Evaluating a compound’s potential as a
drug involves essential steps, often employing
Molinspiration property values in alignment with
Lipinski’s rule of five. This widely recognized
guideline suggests that successful drugs typically
adhere to specific criteria: fewer than five
hydrogen bond donors, less than ten hydrogen
bond acceptors, a molar refractivity within 40 to
160, a polar surface area below 140 A2, a molecular

weight under 500, and containing fewer than ten
rotatable bonds [59, 60].

Table 2 shows how the molecular properties
of anthracene and its halogenated derivatives
vary depending on the type of halogen attached.
The molecular weight of anthracene increases
with the size and polarizability of the halogen,
making it less volatile and dense. The HBA of
anthracene increases by one when fluorine
is added, enhancing its hydrogen bonding
and solubility. The PSA of anthracene and
its derivatives remains zero, indicating a low
polarity and a high permeability. These properties
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Table 2. Molinspiration property values for the studied compounds

Anthracene
Descriptors Neutral +Cl +Br +F E);gicgfd

Hydrogen bond donor (HBD) 0 0 0 0 5
Hydrogen bond acceptors (HBA) 0 0 0 1 10
Molar Refractivity 61.45 66.46 69.15 61.41 40-160
Polar surface area (PSA) A2 0.00 0.00 0 0 140
Molecular weight 178.23 212.67 257.13 196.22 500
Number of rotatable bonds 0 0 0 0 10

are important for the chemical and biological
behavior of these molecules.

3.7. Natural bond orbital (NBO) analysis

Utilizing B3LYP/6-31G(d, p) theoretical
methods, this study extensively investigated the
NBO configuration of the compound in question.
The main focus was on elucidating interactions
between Lewis and non-Lewis orbitals, shedding
light on intramolecular and intermolecular
hydrogen bonding, as well as it electron dispersion.
Stabilization energy, a measure of delocalization
interactions, was evaluated using second-
order energy for individual donor NBOs (i) and
acceptor NBOs (j) in eq. (2), leading to E® values
capturing electron delocalization. This concept
is mathematically expressed by the equation
[61-65]:

. . 2
E(z)quEi; =q F(i,)) )
8]-—81-

2)

Here, “q” denotes donor orbital occupancy,
“e” and “e” represent diagonal elements, and
“F(i,j)” signifies NBO Fock matrix elements.
Table 3 provides an in-depth exploration
through Second Order Perturbation Theory
Analysis of the Fock Matrix in NBO for a range
of compounds, specifically Anthracene and its
derivatives: Anthracene (neutral), Anthracene
(+Cl), Anthracene (+Br), and Anthracene (+F). The
table unveils a rich tapestry of insights into the
interactions between donor and acceptor NBOs,
revealing E(2) values that correspond to significant
stabilization energies. Moreover, it showcases the
differences in energy (E(j)-E(i)) in atomic units
and the associated F(i,j) values in atomic units,
further underlining the complex interplay of
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forces within these molecules. Drawing attention
to specific examples, Anthracene (+Br) stands out
with a remarkable transition, as the LP (3) Br 24
orbital donates to the n* C 17 — C 20 acceptor,
resulting in a substantial stabilization energy
of 78.61 kcal/mol. This transition underscores
the magnitude of intermolecular interactions,
indicative of a strong binding affinity between
the Br atom and the phenyl ring. Comparing
across the various derivatives, Anthracene (+F)
demonstrates noteworthy interactions as well.
Here, t C 1 — C 6 engages with n* C 4 - C 5,
leading to a stabilization energy of 17.39 kcal/mol.
This interaction, while energetically favorable,
highlights the relatively weaker influence of
fluorine compared to other substituents like
chlorine and bromine.

3.8. Nonlinear optical (NLO) properties

NLO materials are of paramount importance
in the realm of nonlinear optics, playing a
pivotal role in fields such as information
technology and various industrial applications.
The optimization of geometry was carried out
through the B3LYP/6-31G+(d,p) method, followed
by an initial static analysis. The computation of
the three-dimensional tensor, denoted as (j8,)
representing the initial static hyperpolarizability,
involved equations for its X, y, and z components
(eg. (3)). These components contribute to
determining the overall static dipole moment (u,),
the mean polarizability (o), and the initial static
hyperpolarizability (8)) [61, 66]:

1
=[P,
_ (ocxx +oL, +0czz)

o, = 3 ,
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Table 3. Second order perturbation theory analysis of Fock Matrix in NBO for Studied Compounds

Anthracene (neutral)

Donor NBO (i) Acceptor NBO (j) E(2) kcal/mol E(j)—E(i) a.u. F(i,j) a.u.
nC1-C2 *C3-C4 17.63 0.28 0.063
nC1-C2 n*C9-C10 18.4 0.29 0.068
cC1-H7 c*C5-C6 4.96 1.04 0.064
nC9-C10 n*C1-C2 17.17 0.3 0.066
nC9-C10 n*C11-C12 16.43 0.3 0.063

6C9-H13 cC2-C3 4.59 1.04 0.062

nC18-C19 LP(1)C5 35.32 0.16 0.085
LP(1)C5 n*C3-C4 69.28 0.14 0.106
LP(1)C5 n*C18-C19 52.46 0.14 0.099
LP*(1)C6 n*C1-C2 69.27 0.14 0.106

Anthracene (+Cl)
nC1-C2 n*C9-C10 21.32 0.28 0.071
6cC1-H7 c*C5-C6 4.65 1.1 0.064
cC2-C9 c*C2-C3 4.76 1.26 0.069
cC6-C17 6*C20-Cl 24 5.09 0.83 0.058
nC11-C12 n*C9-C10 19.14 0.28 0.066
nC18-C19 n*C4-C5 18.92 0.29 0.069
LP*(1)C3 n*C1-C2 72.87 0.14 0.107
LP(1)C6 n*C1-C2 67.29 0.14 0.104
LP(1)C6 n*C17-C20 78.61 0.12 0.106
n*C17-C20 n*C18-C19 191.31 0.01 0.077

Anthracene (+Br)
cC1-C6 c*C5-C6 4.85 1.26 0.07
cC6-C17 6* C 20 -Br 24 5.23 0.78 0.057
nC9-C10 n*C1-C2 19.86 0.29 0.07
nC11-C12 n*C9-C10 19.13 0.28 0.066
cC12-H16 c*C2-C3 4.85 1.1 0.066
cC18-C19 6*C 20 -Br 24 5.32 0.79 0.058
LP*(1)C3 n*C1-C2 72.77 0.14 0.107
LP(1)C6 n*C17-C20 78.4 0.12 0.106
LP ( 3)Br 24 n*C17-C20 10.54 0.31 0.054
n*C17-C 20 n*C18-C19 196.36 0.01 0.077

Anthracene (+F)
nCl1-C6 n*C4-C5 17.39 0.28 0.063
nCl1-C6 n*C17-C20 18.45 0.28 0.066
cC1-H7 c*C2-C3 4.97 1.04 0.064
cC4-HS8 c*C5-C6 5.01 1.04 0.065
nC17-C20 n*C18-C19 15.31 0.31 0.062
nC18-C19 n*C4-C5 15.86 0.3 0.065
LP*(1)C2 *C1-C6 69.7 0.14 0.105
LP*(1)C2 n*C9-C 10 51.66 0.14 0.098
LP(1)C3 n*C11-C12 52.31 0.14 0.099
LP (3)F 24 n*C17-C20 19.73 0.44 0.087
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Be= (BB} +B:) B, =Buu +Bye +Boc By =By, + (3,
+Bxxy + Byzz Bz = Bzzz + Bxxz + Byzz'

Notably, significant magnitudes of specific
polarizability and hyperpolarizability components
indicate a pronounced dispersion of charge
in particular orientations [67, 68] Table 4
presents the computed values for compounds
with different substitutions (+Cl, +Br, +F),
revealing their molecular dipole moments
(u), mean polarizabilities (o), and initial
hyperpolarizabilities (8,). These values, initially
provided in atomic units (a.u.), have been
conveniently converted into electrostatic units
(e.s.u.) for better comparability. Remarkably, the
dipole moments of the compounds (+Cl, +Br, +F)
surpass that of the well-known molecule Urea
(u = 1.3732 D), often employed as a benchmark
in NLO investigations.

Turning to polarizabilities, the results
highlight that anthracene exhibits heightened
polarizability when subjected to a positive
inductive effect (+F), whereas Anthracene displays
reduced polarizability under a positive inductive
effect (+Br). In the context of NLO systems, the
magnitude of () holds substantial significance.
Notably, the computed B values for the examined
compounds are comparatively lower than the
benchmark value of urea (343.272-10-3% esu),
suggesting that these compounds might have
limited potential for practical NLO applications.

4. Conclusions

In this comprehensive research article, the
profound impact of halogenation on anthracene
has been intricately unveiled. Through DFT
calculations, we navigated the intricacies of
electronic structure, reactivity, and optical
behavior as they respond to the presence of
halogen atoms. The resulting insights underscore
the delicate symphony of changes introduced by
halogens like fluorine, chlorine, and bromine,
reshaping the properties and potential of these
PAHs. Analytical explorations, spanning MOs,
UV-visibility spectra, vibrational signatures, NMR
shifts, and NBO analysis, collectively illustrate
the multifaceted impact of halogenation. This
research extends beyond theoretical boundaries
to embrace practical realms, offering glimpses
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Table 4. Nonlinear optical properties of the title
compounds

Parameters Anthracene
Neutral | +CI +Br +F
. 0.00 1.00 | -0.91 | 0.16
M, 0.00 2.11 1.96 1.72
M, 0.00 0.00 0.00 0.00
H, 0.00 2.33 2.16 1.73
" -88.00 | -82.73 | -87.81 | -73.86
o, -70.76 | -92.01 | -93.64 | -85.13
o, ~71.35 | -99.63 | -105.33| -91.38
o, ~76.70 | -91.46 | -95.59 | -83.46
ofesu)*107™*| -11.37 | -13.55 | —14.17 | -12.37
B 0.00 3.00 | 26.22 | -13.72
Broy 0.00 16.86 | 3.93 | 17.15
P 0.00 | -3.38 | 16.47 | —6.69
B, 0.00 | 16.48 | 46.62 | -3.26
By 0.00 53.18 | -64.00 | —34.45
Py 0.00 3.46 | -30.20 | 4.96
B, 0.00 | -11.73 | -53.29 | 16.86
B, 0.00 | 44.91 |-147.50| -12.63
B 0.00 0.00 0.00 0.00
P 0.00 0.00 0.00 0.00
By 0.00 0.00 0.00 0.00
B, 0.00 0.00 0.00 0.00
B, (esu)*107™  0.00 | 47.84 | 154.69 | 13.4

into advancements in medicine, considerations
for the environment, and the potential of organic
electronics. As we draw the curtains on this
symphony of insights, we find that halogenation,
with its transformative effects, holds the promise
of enhancing anthracene’s properties across
a spectrum of scientific domains, seamlessly
blending theoretical understanding with real-
world applications.
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