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Abstract

This study presents a comprehensive theoretical analysis of the
coumarin derivatives 1-(4-Methoxy-phenoxymethyl)-benzolf]
chromen-3-one (4MPBCO) and 6-Methoxy-4-(4-methoxy-
phenoxymethyl)-chromen-2-one (6M4MPC) using density
functional theory (DFT). The variousmolecular properties of these
molecules are explored through the examination of geometrical
parameters, frontier molecular orbitals (FMO), molecular
electrostatic potential (MEP) maps and natural bonding orbitals
(NBO). The HOMO-LUMO energies were calculated to assess
the suitability of these molecules for dye-sensitized solar cell
(DSSC) applications. In addition, the non-linear optical (NLO)
parameters were evaluated to determine their potential for NLO
applications. Furthermore, the physicochemical and ADMET
properties were computed to examine the molecule’s suitability
for pharmacokinetic applications.
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1. Introduction

Coumarin and its derivatives are widely found in plants and foods,
where they serve critical roles as bacteriostats, fungistats and growth
regulators[1,2]. Known for their utility as laser dyes in the blue-green
spectrum, coumarins have broad applications in numerous scientific and
technological fields[3]. Their strong UV-visible fluorescence properties
make them excellent candidates for use as colouring agents [4] and non-
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linear optical chromophores[5]. Beyond their industrial and technological
uses, coumarins exhibit a range of therapeutic activities, including anti-
inflammatory, antioxidant, antitumor, antidiabetic, antimicrobial and anti-
neurodegenerative effects[6-11]. These compounds are also notable for their
pharmacokinetic and pharmacological attributes, enhancing their suitability
for chemosensing applications[12]. In the medical context, coumarins are
employed as optical brighteners, fluorescent indicators, anticoagulants,
sunscreens and agents in the treatment of HIV, cancer and tuberculosis[13-17].

The extensive applicability of the fundamental coumarin molecule
and its derivatives across various fields has generated significant interest
in exploring the properties and potential applications of new coumarin
derivatives. Among these 1-(4-Methoxy-phenoxymethyl)-benzo[f]chromen-
3-one (4MPBCO) and 6-Methoxy-4-(4-methoxy-phenoxymethyl)-chromen-
2-one (6M4MPC) have been identified as promising candidates. Introducing
additional functional groups to the coumarin skeleton can significantly alter
its chemical, biological and electronic properties. For example, substituting
a methoxy group on the coumarin skeleton has been shown to enhance its
biological activity[18]. With this motivation, investigations have been carried
out to elucidate the geometry, electronic properties, chemical reactivity,
bonding interactions, optical characteristics and drug-like attributes of the
4MPBCO and 6M4MPC molecules, which have largely remained unexplored
in the existing literature.

In this research, we have explored various properties of 4MPBCO
and 6M4MPC, using bond length and bond angles and focusing on their
electronic characteristics, including the energies of the highest occupied
molecular orbital (HOMO), lowest unoccupied molecular orbital (LUMO)
and the energy gap. These analyses provide important insights into the
chemical reactivity of these derivatives. We have also calculated global
reactivity parameters and generated molecular electrostatic potential (MEP)
maps to support our findings. Furthermore, we conducted natural bonding
orbitals (NBO) analysis to quantify intermolecular bonding interactions.
Understanding the non-linear optical (NLO) properties of 4AMPBCO and
6M4MPC by using hyperpolarizability and polarizability to evaluate their
potential applications in non-linear optical devices. Additionally, we assessed
their drug-like properties, given their promising bio-applications. Through
this comprehensive investigation, we aim to explore new applications and
enhance our understanding of these novel compounds.

2. Materials and methods
2.1. Materials

The coumarin derivatives, namely 1-(4-Methoxy-phenoxymethyl)-benzo|f]
chromen-3-one (4MPBCO) and 6-Methoxy-4-(4-methoxy-phenoxymethyl)-

80



Nehal et al. A Theoretical Study of Coumarin Derivatives: Exploring DSSC

chromen-2-one (6M4MPC), were synthesised by our research team[19]
and utilised in the present study without any additional purification. The
molecular structures of 4MPBCO and 6M4MPC are depicted in Figure 1.
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(a) 4AMPBCO (b) 6M4MPC
Figure 1: (a) Molecular structure of 4MPBCO and (b)6M4MPC

2.2. Methods

2.2.1. Computational Methods

Quantum chemical calculations for 4AMPBCO and 6M4MPC were conducted
using Gaussian 09 software[20], and visualisation was performed using
GaussView 6.0[21]. The optimised parameters of the 4MPBCO and
6M4MPC molecules were computed employing density functional theory
(DFT) at the B3LYP level with a 6-311G basis set, incorporating polarisation
(p,d) and diffuse (++) functions. The B3LYP method was chosen for its
ability to accurately describe medium-sized molecules while maintaining
computational efficiency[22]. Natural Bonding Orbital (NBO) analysis was
performed using NBO version 3.1 integrated into Gaussian 09[23], and
nonlinear optical properties were studied using Multiwfn software[24].
Drug likeness properties of 4MPBCO and 6M4MPC were evaluated using
online tools such as SwissADME[25] and Molinspiration[26].

3. Results and Discussion

3.1 Optimized structure of titled molecules

The structures of 4AMPBCO and 6M4MPC were optimised using the DFT/
B3LYP/6-311G++(d,p) method in the gas phase. Figure (2) illustrates
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the optimised geometries of 4AMPBCO and 6M4MPC, along with their
corresponding dipole vectors. The optimisation results indicate that both
4MPBCO and 6M4MPC exhibit C1 point group symmetry, making them
completely asymmetric in structure[27]. The computed ground-state dipole
moments are 5.90 Debye and 5.63 Debye, respectively, indicating the polar
nature of these molecules.

a) 4AMPBCO b) 6M4MPC

Figure 2: (a) Optimized structure of 4AMPBCO and (b) Optimized structure of
6M4MPC with dipole vector.

3.2 Geometrical parameters of optimised structure of titled
molecules

To understand the molecular geometry of the titled molecules, their
optimised structures were used. The geometrical parameters, such as
bond lengths and bond angles for both 4MPBCO and 6M4MPC, are
provided in Supplementary Table S1. To gain a deeper understanding of
these geometrical parameters, a Mulliken charge distribution analysis was
performed, providing a clear depiction of the charges associated with each
atom, as shown in Supplementary Figure S1. Generally, homonuclear bond
lengths are longer than heteronuclear bond lengths due to the repulsion
between like charges and the attraction between opposite charges[28].

According to the principle of attraction and repulsion between like
and unlike charged atoms, the geometrical parameters exhibit variations in
certain bond lengths and bond angles[29]. After optimisation, both molecules
show the highest C-C bond length of 1.51 A. This is due to opposite charges
on C3-C16 in 4MPBCO and C3-C12 in 6M4MPC. Both molecules contain
additional C-C bonds measuring 1.46 A in length. The presence of double
bond character significantly influences bond length, with increased charge
sharing in C-C double bonds leading to compression. In 4AMPBCO, the three
C-C double bonds have lengths ranging from 1.36 A to 1.38 A, while in
6M4MPC, a single C-C double bond measures 1.35 A. Notably, the computed
C-C double bonds are shorter in length compared to single C-C bonds. The
C16-017(1.43 A) bond length in 4MPBCO has the highest length compared
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to other C-O bonds because it connects coumarin with methoxy benzene. In
6M4MPC, the O22-C23 and O20-C21 bond lengths are the longest at 1.43 A,
attributed to the presence of like charges, which causes bond elongation. The

C-H bond lengths in both molecules range from 1.08 A to 1.10 A.

The bond angles also adhere to the principle of attraction and
repulsion[29]. In 4AMPBCO, the bond angle between C3-C4-C5 is the largest
at 127°. This increase is due to all three carbons carrying the same charge,
which leads to repulsion and a widening of the angle. In contrast, 6M4MPC
features the largest bond angle at C2-C1-O10, measuring 116°. Here, C2
and O10 are negatively charged, while C1 is positively charged, resulting
in a greater angle. Furthermore, the electronegative oxygen atom attracts
charge towards itself, contributing to the larger angle in this molecule. All
the computed theoretical data is in good agreement with the experimental
XRD data of the similar molecule[19].

3.3 Electronic and chemical reactivity parameters

3.3.1. HOMO-LUMO and Energy Gap

Frontier molecular orbital (FMO) analysis provides insights into the charge
transfer properties of molecules, which in turn could influence their bioactive
nature[30]. This analysis yields the examination of the HOMO and LUMO
energy levels, and also sheds light on the chemical reactivity of the molecules.
The Frontier molecular orbitals of the coumarin derivatives 4MPBCO and
6M4MPC were computed using the DFT/6-311++G(d,p) level to understand
the chemical reactivity of the molecules. Converting the computed energy
values from Hartree to electron volts (eV) is achieved using the conversion
factor i.e. 1THartree = 27.211 eV. Figure (3) illustrates the HOMO-LUMO
orbitals of 4MPBCO and 6M4MPC molecules, where red colour represents
the positive phase and green colour indicates the negative phase. In Figure
(3), the charge density for both 4MPBCO and 6M4MPC are primarily
concentrated around the methoxy-phenoxymethyl group in the HOMO level.
At the LUMO level, the charge density is primarily localised on the coumarin
group in both molecules, with additional localisation on the phenyl group
attached to the coumarin skeleton in the 4MPBCO molecule. This suggests
that both molecules indicate a strong tendency for intramolecular charge
transfer from the methoxy-phenoxymethyl group to the coumarin core.
Furthermore, the computed HOMO energy value of both molecules is -5.99
eV which is lower than the potential of redox electrolyte (-4.9 eV), satisfying
one of the conditions for DSSC applications [31]. In the same way, the
computed LUMO energy values of titled molecules are -2.45 eV (4AMPBCO)
and -2.18 eV (6M4MPC). These values are considerably higher than the
TiO, conduction band energy level (-4.0 eV), satisfying another requirement
for DSSC applications[31]. Further, these HOMO-LUMO energy values
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are comparable to literature values[32] on Benzothiazole-based coumarin
derivatives, which are proposed to be better DSSC materials. The HOMO-
LUMO energies are used to calculate the energy gap of these molecules,
which are found to be 3.54 eV (4MPBCO) and 3.81 eV (6M4MPC). Again, the
energy gap of both molecules is compared with existing literature [32] on
Benzothiazole-based coumarin derivatives. The energy gap values of both
the molecules are outside the range of reported values (2.21 to 3.13 eV). This
limits the application of these molecules for DSSC applications. However,
these materials satisfy two important conditions for DSSC applications,
hinting at the possible use of these molecules for DSSC applications after
tuning their energy gap by judiciously adding suitable functional groups.

LUMO

HOMO

(a) AMPBCO (b) 6M4AMPC

Figure 3: 3D representation of the HOMO-LUMO electron energy distribution
of (a) 4AMPBCO (b) 6M4MPC molecules.

3.3.2. Chemical Reactivity

The HOMO-LUMO energy values are utilised to calculate several chemical
reactivity parameters, including ionisation potential (IP), electron affinity
(EA), chemical potential (n), hardness (), softness (S), electrophilicity (o)
and electronegativity (y) using Koopman’s formula[33]. These calculated
values are listed in Table 1.

Table 1: Reactivity descriptors of 4AMPBCO and 6M4MPC
E E E I E 1l n X ®

HOMO LUMO G P A

V) | V) | V)| (eV) | (eV) | (eV) | (eV) (eV?) eV) | (eV)

Molecule

4MPBCO |-599(-245| 354 | 599 | 245 | -422| 1.77 | 0.56 | 4.22 | 5.03

6M4MPC | -5.99 | 218 | 3.81 | 5.99 | 2.18 | -4.08 | 1.91 | 0.52 | 4.08 | 4.36
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The energy required to remove an electron from the Highest occupied
molecular orbitals is termed ionisation potential[34] and was found to be
5.99 eV for both molecules because, in both molecules, HOMO is localised
over the methoxy benzene group. Electron affinity is the tendency of a
molecule to accept an electron[35]. The electron affinity of 4MPBCO is
higher than that of 6M4MPC due to the presence of a weakly electron-
withdrawing phenyl group on the sixth position of the coumarin core of
4MPBCO, which enhances the electron affinity. In contrast, in 6M4MPC,
the methoxy group occupies the same position as the phenyl group in
4MPBCO but functions as an electron-donating group, increasing electron
density and subsequently lowering its electron affinity. Chemical potential
(1) measures the potential energy of the molecules to exchange with their
surroundings[36]. A more negative chemical potential indicates a stronger
tendency for particles to leave the substance. Therefore, 4MPBCO, with
its lower chemical potential of -4.22 eV compared to 6M4MPC’s -4.08 eV,
suggests 4MPBCO has a higher electron concentration or a greater tendency
to emit electrons than 6M4MPC. Hardness quantifies a molecule’s resistance
to undergo electronic transitions[37], with 6M4MPC(1.91 eV) being slightly
harder than 4MPBCO(1.77 eV) respectively. While softness gauges its
propensity for transitions[38], with 6M4MPC (0.52 eV) being slightly more
compliant than 4MPBCO (0.56 eV). Electronegativity reflects the tendency
of an atom to attract electrons in a chemical bond and is the negative of
the chemical potential[39]. For 4MPBCO, the electronegativity is 4.22 eV,
while for 6M4MPC, it is 4.08 eV. This indicates that 4AMPBCO has a higher
electron-attracting ability in chemical bonds compared to 6M4MPC. The
electrophilicity index (») measures a molecule’s reactivity towards electron-
rich species[40]. 4AMPBCO has a higher index (5.03 eV) compared to 6M4MPC
(4.36 eV), indicating 4AMPBCO'’s greater propensity to react with nucleophiles
or electron-donating species. Overall, the results indicate that 4MPBCO is
more chemically active than 6M4MPC.

To gain a thorough insight into the reactive zones within the 4MPBCO
and 6M4MPC molecules, a Molecular Electrostatic Potential (MEP) study
is conducted. MEP is a valuable tool for identifying electrophilic and
nucleophilic regions, which are crucial for biological recognition processes
and hydrogen bonding interactions[36]. It employs a colour gradient to
depict the strength of charge distribution, with red indicating electron-
rich regions (electrophilic sites) and blue indicating electron-deficient
regions (nucleophilic sites) [41]. Figure 4 shows an MEP map of both
molecules, highlighting that the electrophilic sites are primarily around
the electronegative oxygen atoms. The nucleophilic sites are located on the
methoxy group and, to a lesser extent, on the benzene ring of the coumarin
molecule. The green regions represent the neutral areas in both molecules.
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a) 4MPBCO b) 6M4MPC

Figure 4: 3D representation of the MEP map of (a)4MPBCO and (b) 6M4MPC
molecules.

3.4 Natural Bonding Orbitals (NBO) analysis of the titled molecules.

The second-order Fock matrix was utilised to investigate the donor-acceptor
interactions within the molecule in the NBO analysis. NBO analysis was
performed on both 4MPBCO and 6M4MPC molecules at the B3LYP/6-
311++G(d,p) level to study intramolecular interactions, rehybridisation and
electron density delocalisation within the molecule[42]. The energy E(2)
associated with each donor (i) to an acceptor (j) delocalisation is determined
using the second-order perturbation method using equation 1.

F(.’ .)2
E(2) = AE;=q;" 2

where ¢, is the donor orbital occupancy ¢, and ¢, are diagonal elements and
E(i,j)* off-diagonal NBO Fock matrix elements [42]. A higher E(2) value
indicates a more intense molecular interaction between electron donors and
acceptors, signifying greater conjugation within the molecular system. The
delocalisation of electron density between occupied Lewis-type (bond or
lone pair) NBO orbitals and unoccupied (antibond or Rydberg) non-Lewis
NBO orbitals corresponds to a stabilising donor-acceptor interaction[43].

The computed NBO parameters specifically bond type, occupancy and
stabilisation energy E(2) values, are presented in Table 2. The bond type
provides insight into the nature of the chemical bonds, occupancy indicates
the electron distribution in molecular orbitals, and the E(2) value represents
the strength of interactions within the molecule. According to Table 2, the
NBO analysis for the 4MPBCO molecule revealed a stable n* - 6* interaction,
with the highest interaction energy observed from the donor C20-C21 to
the acceptor C18-C19 in the methoxybenzene ring at 12,560 kcal/mol. In
contrast, for the 6M4MPC molecule, the highest interaction energy was
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observed in a ¢ to ¢* interaction from the donor C12-H29 to the acceptor
C21-H34 within the molecule at 10,817 kcal/mol. These results emphasise
the importance of the lone pairs on the electronegative oxygen atom, which
remain localised and do not participate in bonding while interacting with
nearby carbon atoms.

Table 2a: Selected second-order perturbation theory analysis of Fock matrix
in NBO basis of 4MPBCO molecule.

Donor  |Bond Type| Occupancy | Acceptor |Bond Type| Occupancy | E(2) (kcal/mol)
C20-C21 e 0.407 C18-C19 c* 0.022 12560
C20-C21 o 0.407 C25 - H41 G* 0.020 2595
C20-C21 v 0.407 C25 - H40 c* 0.019 868
C20-C21 o 0.407 C21-024 c* 0.030 151

C5-C6 * 0.460 C3-C16 c* 0.024 131
C20-C21 * 0.407 C3-C16 c* 0.024 114
Cl13-C14 ¥ 0.265 C3-C16 c* 0.024 92
C22-C23 * 0.369 C18-C23 c* 0.029 73

015 LP(2) 1.831 C1-010 c* 0127 39
024 LP(1) 1.963 C3-Cl16 c* 0.024 35
C19-C20 c 1972 C3-C16 c* 0.024 21
017 LP(1) 1.965 C18-C23 c* 0.029 8
010 LP(1) 1.963 C4-C9 c* 0.031 7
Cl1-C2 c 1.982 C3-Cl16 c* 0.024 6
Cc2-C3 1.805 Cl6 - 017 c* 0.029 6
C22 - H37 c 1.977 C3-C16 c* 0.024 6
C18-C19 T 0.392 C21-024 c* 0.030 6
C4-C9 c 1971 C3-Cl6 c* 0.024 5
Cl6 - 017 G 1.986 017 - C18 (i 0.032 5

Table 2b : Selected second-order perturbation theory analysis of Fock matrix
in NBO basis of 6M4MPC molecule.

Donor Bond Type | Occupancy | Acceptor |Bond Type | Occupancy | E(2) (kcal/mol)
C12 - H29 c 1.970 C21-H34 o* 0.009 10817
C23 - H38 c 1.995 C21-H34 ol 0.009 2668
010 LP(1) 1.963 C21-H34 Lojid 0.009 2517
C1-011 T 1.979 C21-H34 Lol 0.009 2130
O13 LP(1) 1.963 C23 - H37 o* 0.009 2008
C23 - H37 9 1.991 C21-H34 o* 0.009 1837
022 LP(1) 1.963 C21-H34 o* 0.009 1748
C23 - H39 G 1.995 C23 - H37 o* 0.009 1444
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C2-C3 c 1.976 C21 - H34 G* 0.009 975
C15- Cl16 ¢ 0.371 C21 - H34 il 0.009 400
C17 - C18 Tt 0.407 C23 - H37 G* 0.009 529
C14-C19 T 1.652 C23 - H37 o 0.009 134
C4-C9 T 1.600 C23 - H37 G* 0.009 93
C6 - 022 c 1.992 C21-H34 o 0.009 9
C17 - 020 G 1.992 C21-H34 G* 0.009 87
C7-H26 c 1.977 C17 - 020 G* 0.030 13
C2-H24 c 1.975 C3-C4 G* 0.030 6

C21 - H34 G 1.991 C17 - 020 o 0.030 b

C15- C16 G 1.972 013 -C14 Lol 0.030 b

3.5 Non-linear Optical (NLO) property of titled molecules.

NLO properties were performed on both 4MPBCO and 6M4MPC molecules
at the B3LYP/6-311++G(d,p) level of theory. The nonlinear optical properties
of organic molecules are applied in various optical and sensing applications
due to their unique characteristics. Multiwfn software was employed to
determine the polarizability and hyperpolarizability values of both molecules,
which are listed in Table 3. Polarizability offers valuable insights into the
molecule’s electronic distribution, which is essential for understanding its
optical and electronic properties. Additionally, the HOMO-LUMO gap
derived from FMO studies suggests greater polarizability enhances charge
transfer[44]. On the other hand, first-order hyperpolarizability influences
the movement of electron clouds within © conjugated frameworks. The
computed values of NLO are presented in Table 3. The hyperpolarizability
values for 4AMPBCO and 6M4MPC molecules exceed that of urea (3,=0.34x10-
*®e.s.u) by more than 6 and 7.9 times, respectively, indicating their potential
for NLO-based applications[45]. The calculated greater polarizability of
both molecules also indicates their bioactive nature[46]. The experimental
validation of the NLO properties of the titled molecules using the z-scan
technique could be used to confirm their potential for NLO applications,
which is planned in our future work.

Table 3: The polarizability and hyperpolarizability values of 4MPBCO and
6M4AMPC
Molecule Dipole moment (debye) Polarizability (e.s.u) [Hyperpolarizability (e.s.u)

4MPBCO 5.90 4.08 x 102 2.03 x10*°
6M4MPC 5.63 3.57 x10% 2.69 x 10

3.6 Physicochemical and ADMET parameter calculations of tilted
molecules

The physicochemical and ADMET (absorption, distribution, metabolism,
excretion, and toxicity) characteristics of both 4MPBCO and 6M4MPC
molecules were investigated to assess their suitability for pharmacokinetic
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applications. Using online tools, namely SwissADME and Molinspiration, the
parameters used to describe the physicochemical and ADMET behaviour of
the titled molecules are listed in Table 4. From Table 4, both these molecules
follow the Lipinski rule of five, indicating their potential to be orally active

drugs in humans([47].

Table 4: ADMET parameters of 4MPBCO and 6M4MPC molecules

Molecule 4MPBCO | 6M4MPC | Acceptable Range | Acceptability (Yes/No)
Molecular weight 332.35 312.32 <500 Da Yes
WLog P (Lipophilicity) 3.24 4.38 <5 Yes
TPSA 48.67 579 <140 Yes
H-bond acceptors 4 5 <10 Yes
IH-bond donors 0 0 <5 Yes

Further, to visualise the physicochemical properties of molecules,
particularly their ability to permeate cell membranes for human intestinal
absorption (HIA) and cross the blood-brain barrier (BBB), the BOILED-Egg
model hasbeen used. The BOILED-Egg model uses the WLOGP (lipophilicity)
versus TPSA (polar surface area) plot, and it classifies the molecules into
three regions based on their gastrointestinal (GI) absorption and blood-brain
barrier (BBB) permeability. The presence of a molecule in the yolk (yellow
region) represents the molecule’s ability to cross the BBB, indicating potential
Central Nervous System (CNS) activity. The presence of a molecule in egg
white (white region) represents the molecule’s ability to be well-absorbed in
the GI tract but not BBB-permeable. The presence of a molecule outside the
egg (grey region) represents the molecule’s low GI absorption and poor BBB
permeability, suggesting limited oral bioavailability and CNS penetration
[48]. The BOILED-EGG plots for 4AMPBCO and 6M4MPC are shown in
Figure 5. From the figure, it is observed that both 4MPBCO and 6M4MPC
molecules are located in the yellow region of the BOILED-EGG plot,
indicating their high ability for blood-brain barrier (BBB) penetration. For
amolecule to exist in the yellow region, it must have low polarity (TPSA<75)
and moderate lipophilicity (WLOGP between 0.4 and 6), which enables the
effective BBB penetration [49]. From Table 4 it is observed that TPSA and
WLOGEP values of both the molecules are satistying these conditions and are
effective for BBB penetration.

Another tool that is crucial in drug discovery and medicinal chemistry
is the oral bioavailability chart, which highlights the six key factors essential
for drug formulation. The six essential molecular properties are defined as
LIPO (lipophilicity), INSOLU (solubility), SIZE (molecular weight), POLAR
(polarity) , FLEX (flexibility), and INSATU (saturation)[50]. Lipophilicity
determines the drug’s ability to permeate lipid membranes. Solubility
ensures the drug remains sufficiently dissolved in gastrointestinal fluids for
absorption. Molecular size indicates that the drug is small enough to pass
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through cellular membranes. Polarity maintains an optimal balance between
hydrophilic and lipophilic properties, aiding absorption. Flexibility allows
the drug to adopt favourable conformations for interaction with biological
membranes and proteins, and Saturation gives the fraction of carbons
in the sp3 hybridisation [50][51]. The pink region in the bioavailability
chart indicates physicochemical space for bioavailability, and the red line
indicates oral bioavailability properties. The oral bioavailability chart for
4MPBCO and 6M4MPC molecules is presented in Figure 5. From Figure
5, it is observed that five parameters out of six fall within the acceptable
range for both molecules, whereas the saturation parameter slightly exceeds
the acceptable range. This indicates that further optimisation studies are
essential to improve the molecule’s overall pharmacokinetic profile.

. V{ LIPO
5 B FLEX SIZE
! INSATU | POLAR
¥ 0 20 40 60 &0 100 120 140 160 180 TPSA INSOLU
@) (1)
Figure 5(a): (I)Predicted BOILED-Egg plot and (II)Bioavailability radar chart for
4MPBCO molecule
" LIPO
; FLEX | SIZE
I: INSATU | POLAR
i INSOLU
@) (1)
Figure 5(b): (I)Predicted BOILED-Egg plot and (II) Bioavailability radar chart for
6M4MPC molecule

90



Nehal et al. A Theoretical Study of Coumarin Derivatives: Exploring DSSC

Conclusion

The computed geometrical parameters of 4AMPBCO and 6M4MPC molecules
have shown good agreement with XRD data from the literature. The analysis
of charge distribution in HOMO and LUMO energy levels of both the titled
molecules suggests the intra-molecular charge transfer. The smaller value
of the HOMO-LUMO energy gap indicates the high chemical reactivity of
both molecules. These materials satisfy two important conditions for DSSC
applications, hinting at their possible use in DSSC applications after tuning
their energy gap by judiciously incorporating suitable functional groups.
MEP analysis highlights the presence of the electrophilic sites primarily
around the electronegative oxygen atoms and nucleophilic sites located
on the methoxy group and, to a lesser extent, on the phenyl group of the
coumarin molecule. The higher value of first-order hyperpolarizability of
both the molecules by more than 6 and 7.9 times, respectively, compared
to urea, hints that both the molecules are suitable for NLO applications.
Furthermore, NBO analysis indicates more intense n*- 0* and o-0* bond
interactions for 4MPBCO and 6M4MPC molecules, respectively. The
physicochemical and ADMET properties demonstrate favourable results that
are suitable for the pharmacokinetics of these molecules. The investigated
molecule’s application in stated areas requires experimental validation,
which is planned in our future work.
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