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Summary: Flavokawain B (FKB) is a naturally occurring chalcone that exhibits potential anti-cancer properties. 

Density functional theory (DFT) is a computational simulation approach used to investigate the electronic 

properties of molecules. Here, we investigated the structural-activity relationship and optoelectronic properties 

of naturally occurring chalcones; FKB and their derivatives named (E)-3’-(2’-fluorophenyl)-1’-(2’-hydroxy-

4',6'-dimethoxyphenyl)prop-2-en-1-one (KG1), (E)-3'-(2'-chlorophenyl)-1'-(2-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (KG2), (E)-3'-(4'-bromophenyl)-1'-(2'-hydroxy-4',6'-

dimethoxyphenyl)prop-2-en-1-one (KG3), (E)-3'-(4'-fluorophenyl)-1'-(2'-hydroxy-4',6'-dimethoxyphenyl)prop-

2-en-1-one (KG4), and (E)-1'-(2'-hydroxy-4',6'-dimethoxyphenyl)-3'-(3-nitrophenyl)prop-2-en-1-one (KG5) 

were used for computational approaches. The substituents in the acceptor moiety of derivatives were ortho F 

(KG1), ortho Cl (KG2), para Br (KG3), meta F (KG4), and meta nitro (KG5), respectively. The findings 

evaluated that the KG5 molecule showed excellent redshift (406 nm), the lowest excitation of 3.05 eV, lower 

HOMO of -6.25eV, LUMO of -2.82eV and a lower bandgap of 3.43eV. KG5 has a lower binding energy of 

0.38eV, and electron mobility of 0.0206eV leading toward greater charge transference. The finding results 

showed that the presence of strong electron-withdrawing (KG5) on ring B in the FKB derivatives could make it 

an active site to attach the different types of proteins, which leads to becoming a potential bioactive compound. 

FKB and its derivatives were synthesized by our research group. These findings suggested that the KG5 

molecule could be the best among all the derivatives and can be used for different biological assays.   
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Introduction 
 

Flavokawain B (FKB) was extracted from the 

roots of Piper methysticum [1] and chosen as a reference 

compound (R) [2]. Chalcones have captured much 

interest from researchers looking for novel analogs of 

pharmacologically active substances [3, 4]. Chalcones 

and related analogs exhibited a variety of 

pharmacological effects, including antibacterial, 

antimalarial [5, 6], anticancer [7-9], antifungal [10], 

antioxidant [11, 12], and anti-inflammatory [13-15] 

properties. Chalcones are carbonyl compounds having 

unsaturated conjugated double bonds and consist of two 

rings with unsaturated carbonyl moiety. The FKB-type 

chalcone derivatives are synthesized by Claisen Schmidt 

condensation and previously reported its effects on breast 

cancerous cell lines [16-19] as shown in Fig. 1
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Fig. 1: Flavokawain B and its synthetic derivatives (KG1 to KG5). 

 

The main objective of this analysis was to 

explore the optoelectronic characteristics of reference and 

all experimentally synthesized molecules (KG1-KG5) on 

a theoretical approach like DFT and (TF-DFT) theory. The 

four functionals were used to calculate the theoretical value 

of the reference to the parent compound. The different 

analyses were performed to determine binding energies, 

λmax, bandgap values, TDM, PDOS plots, and electronic 

density distribution on HOMO/LUMO. Then, the findings 

revealed the most prominent drug among derivatives. 

 

Computation Methodology 

 

In this report, quantum mechanical simulations 

and molecules' geometrical optimization were performed 

by Gaussian09 [20]. For the visualization of molecular 

geometries, setting up input files, and displaying the 

computational outputs, Gauss View 5.0 was used [21]. For 

the validation of the method, the reference molecule was 

optimized at four different functionals named B3LYP, 

ωB97XD, CAM-B3LYP, and MPW1PW91 along with 

basis set 6-311G (d, p) [22]. Among all, B3LYP proved to 
be the best functional for calculations. The UV/Visible 

absorption graph of each modeled molecule in the gaseous 

state as well as in methanol solvent was obtained by using 

DFT. A conductor polarizable continuum model (CPCM) 

was used for calculations when a solvent is present [23]. 

Overlapping graphs, molecular electrostatic potential 

plots, transition density analysis, and density of states 

(DOS) were studied for all FKB derivatives. For plotting 

the absorption profiles, Origin 8.5 was utilized [23].  

 

The reorganization energy plays a key role in this 
inquiry because charge mobilities are ominously 

influenced by this. There are two types of reorganization 

energies; internal and external. Internal reorganization 

energy addresses the alteration in a molecule's interior 

geometry. Variations in the external environment are 

associated with external factors. Here, calculations are 

related to internal reorganization energy because the 

current effort focuses on the alteration of internal structure. 

The following equations were used to calculate the 

mobility values for holes and electrons [24].  

 

𝜆ℎ = [𝐸0
+ −  𝐸+]  +   [𝐸+

0 − 𝐸0] (Eq. 1) 

𝜆𝑒 = [𝐸0
− − 𝐸−]  +   [𝐸−

0 −  𝐸0]  (Eq. 2) 

 

The anionic, and cationic energies (𝐸0
−and 𝐸0

+) 

also be determined by utilizing the above equation (1) and 

(2). Optimized cationic and anionic energies are shown by 

𝐸+ and 𝐸−. Here, 𝐸+
0 and 𝐸−

0  represent the single point 

energies obtained from optimized geometries of cation 

and, anions correspondingly. 𝐸0 symbolizes the single 

point energy (SPE) of a neutral molecule [25].  
 

Glide Molecular Docking Methodology 

 

Selection of target proteins  

 

The crystal structures of the anti-inflammatory, 

anticancer, and antioxidant target proteins of interest (PDB 

ID: 4COX) [26], (PDB ID: 2WQN) [27], and (PDB ID: 

5M8Q) [28], were fetched from the RCSB protein data 

bank (https://www.rcsb.org/) [29].  

 

Pre-processing of target protein structures 
 

The Protein Preparation Wizard module of the 

Maestro platform was employed to prepare the protein 

structures [30]. The module allocated jobs to prepare bond 

orders, add hydrogen atoms, make zero-order bonds to 

metals, create di-sulfate bonds, change the seleno-

methionines into methionine, and fill up the missing side 

chains. The structures were then optimized by energy 

minimization and hydrogen bond optimization under the 

OPLS4 force field [31]. The LigPrep module of the 

Maestro platform was designated job to prepare the 
reference and the ligands (KG1, KG2, KG3, KG4, and 

https://www.rcsb.org/
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KG5), including the co-crystallized ligands of associated 

target proteins, each of them was prepared by BIOVIA 

[32]. 
 

Pre-processing of ligand structures 
 

Three-dimensional structure of the R and its 

derivatives named KG1, KG2, KG3, KG4, and KG5 were 

prepared in Chem Draw 20.1.1 followed by their energy 

minimization via Chem3D 20.1.1 [33] and finally saved as 

the SDF file format. The LigPrep module of the Maestro 

platform was assigned the job of preparing all the ligands.  
 

Glide Docking 
 

The Maestro platform's Glide docking module 

executed the docking of the target proteins and ligand 

molecules [34]. The SP pose viewer analyzed the docked 

ligand and protein interactions and generated the optimal 

pose. The ligand interaction module created a 2D 

interaction diagram of the ligand-protein complex 

molecule, which was further visualized to explore the 

interaction between the ligand molecules and the target 
proteins during the binding process through the resulting 

SP posture. 
 

Results and Discussions 
 

In this study, computational studies were 

performed on synthesized FKB-type chalcone named (E)-

1-(2-hydroxy-4,6-dimethoxyphenyl)-3-phenylprop-2-en-

1-one used as isolated from P. methysticum roots known 

potential cytotoxic properties against cancer cells lines [2]. 
The alterations were done in ring B for the fabrication of 

FKB derivatives to study their optoelectronic and 

photovoltaic properties. For the initial optimization of the 

reference molecule, the diverse functionals B3LYP [35], 

ωB97XD [36], CAM-B3LYP [37], and MPW1PW91 [38] 

coupled with the basis set 6-311G (d, p) [39]. The 

B3LYP/6-311G (d, p) level [39] has been chosen for KG1-

KG5 molecules because the reported experimental value 

of λmax is 372 nm was the best match as opposed to the 

theoretical λmax value of about 373 nm at this functional. 

Because of this, it supports subsequent simulations. Fig. 2. 

represents the theoretical λmax of R attained at four 
functional mentioned as 373, 363, 319, and 318 nm, 

respectively. The UV absorption calculation showed that 

the R at B3LYP, CAM-B3LYP, MPW1PW91, and 

ωB97XD using the 6-31G (d, p) basis set of theory. The 

theoretical λmax values for reference molecule obtained at 

all above-stated functionals were 375, 317, 360, and 316 

nm, respectively. 

 

Fig. 2: (a) Comparison of the λmax values of R at four functional along with 6-311G (d,p). (b) Comparison of 

the λmax values of R at four functional along with 6-31G (d, p). 

 

(a) By using 6-311G (d,p) 

 

 

(b) By using 6-31G (d,p) 
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Frontier molecular orbital analysis.  

 

For the evaluation of optoelectronic 

characteristics of all molecules, frontier molecular 

orbital analysis is a noteworthy parameter. At the 
B3LYP level coupled with a 6-311G (d, p) basis set, 

the FMO analysis on R and all selected derivatives 

KG1, KG2, KG3, KG4, and KG5 were carried out. 

Fig. 3. displayed the optimal geometries of FKB-type 

derivatives and reference molecules computed at 

density functional theory. Through a distribution 

scheme of frontier molecular orbitals, the photovoltaic 

characteristics and conductivities of all the molecules 

are inspected. The highest occupied molecular orbital 

is considered as HOMO or conduction band while the 

lowest unoccupied molecular orbital is considered as 

LUMO or valence band [40-43]. HOMO/LUMO 
energy difference gives energy band gap of reference 

and all FKB type derivatives. Furthermore, the 

excitation of electrons plays a crucial influence in the 

stabilization and de-stabilization of HOMO/LUMO 

[44]. As stability and electronic excitation have 

opposing relations, it implies that significantly 

destabilized HOMO may be obtained from higher 

electronic excitation [44]. Table-1. Showed the 

energy-gap, HOMO, and LUMO values of R and its 

derivatives (KG1-KG5). These computational studies 
were performed by calculating the following equation; 

 

𝐸𝑔 =  𝐸𝐻𝑂𝑀𝑂 −  𝐸𝐿𝑈𝑀𝑂  (Eq. 3) 

 

The HOMO/LUMO band differences of R 

and FKB derivatives (KG1–KG5) are 3.96, 3.88, 3.91, 

3.88, 3.96, and 3.43 eV, respectively. The declining 

sequence of HOMO for R and all observed molecules 

is listed as KG1>R>KG2>KG4>KG3>KG5. The 

dwindling sequence of LUMO for R and all observed 

molecules is R>KG4>KG1>KG2>KG3>KG5. The 
energy band gap ascending order of R and all 

fabricated molecules is given as 

KG5<KG3<KG1<KG2<KG4<R. Fig. 3. 

demonstrates the optimized geometries of R and its 

derivatives (KG1-KG5). 

 

  
R 

 

KG1 

 
KG2 

 
KG4 

KG3 

 
KG5 

 

 
Fig. 3: Illustration of the optimized reference molecule and KG1-KG5 molecules. 
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The electronic density distribution over 

HOMO and LUMO of the molecules are portrayed in 

Fig. 4. It is clearly shown in outcomes obtained from 

FMO analysis that there is uniformity in electronic 

density distribution around Ring A acting as donor 
moiety in HOMO of all molecules. In LUMO, 

electronic density distribution is frequently distributed 

throughout the molecule with maximal density on the 

acceptor and terminal units. So, the charge transferring 

will take place from donor to acceptor moiety 

throughout the molecule. The outcomes displayed that 

among all experimentally fabricated structures, the 

KG5 molecule showed the least HOMO, LUMO, and 

energy bandgap values due to the existence of nitro 

group present in the acceptor moiety. The Nitro group 

shows resonance phenomena along with extended 

conjugation that will lead to better efficiency of the 
molecule.  

 

This study was also supported by the docking 

property of FKB and its derivatives [2, 45]. Firm 

connections inside the active site of Janus kinase were 

performed by docking [46]. The main purpose of 

docking was to see the active site for binding, stability, 

efficacy, and activity of the compound. According to 

findings, the KG5 molecule can provide a stable and 

good active site along with the protein because of the 

presence of the electron-withdrawing inductive group. 

Table-1: Illustration of HOMO, LUMO, and energy 

bandgap values of R and all experimentally fabricated 

molecules. 
Molecules EHOMO (eV) ELUMO (eV) Egap (eV) 

R -6.06402 -2.09952 3.96 

KG1 -6.05613 -2.16864 3.88 

KG2 -6.08388 -2.17353 3.91 

KG3 -6.15545 -2.27503 3.88 

KG4 -6.11626 -2.15503 3.96 

KG5 -6.25667 -2.82168 3.43 
 

Density of States.  
 

Another crucial factor in determining the 

energy states contributing to occupied and unoccupied 

orbital is the density of the state [47, 48]. DOS is a 

graph representing how many states are in a molecule 

material per unit of energy as a function of energy. 

Although, it is frequently employed for vibrational 

mode and electronic states. DOS plots elucidate the 

allowed energy hypothetically for the transition when 

electrons show mobility from the valence band 

(occupied orbital) to the conduction band (unoccupied 
orbital). The gap between VB and CB indicates an 

energy band gap [49-51]. Using the 6-311G (d, p) 

basis set along with B3LYP functional, R, and all 

synthesized molecules (KG1-KG5), DOS analysis 

verified the FMO analysis. 

 

 
 

Fig. 4: Displaying optimized reference molecule and KG1-KG5 molecule.  
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R KG1 KG2 

   
KG3 KG4 KG5 

   
 

Fig. 5: The density of states graphs for R and KG1-KG5 molecules simulated at B3LYP functional. 
 

Two fragments make up the DOS graph. 

HOMO and LUMO represent the left and right sides 

of the plot respectively. While the energy band gap 

indicates the space between HOMO and LUMO where 

there are no electronic states. The overlapping of 

orbitals and distribution patterns across the molecule 
are observed on the DOS graph. 

 

The findings demonstrated that R and all 

theoretically generated molecules had the same 

electronic density distribution pattern with a slight 

change in the HOMO region as shown in Fig. 5. It 

primarily lies over the Ring A but just marginally over 
π-bridge. The electronic density is, however, majorly 

distributed in the LUMO region of Ring B. The order 

of the DOS plots for R and all molecules is shown 

below; 
 

KG5>KG3>KG4>KG2>R>KG1 
 

The outcomes displayed that the KG5 

molecule indicates a higher density of states in the 

LUMO region as compared to others due to the 

presence of the nitro group in Ring B. The nitro group 

is electro withdrawing leading towards extended 

conjugation.  
 

Molecular Electrostatic Potential.  
 

For the evaluation of a three-dimensional 

electronic charge distribution surface map is analyzed 

also known as molecular electrostatic potential (MEP) 

[22, 52]. Through this analysis, we can locate the 

electron-rich and poor sites over the molecule. The 

plots shown in Fig. 6. also suggest accessing the 

interaction of atoms within molecules. The color scale 

is given that depicts positive electrostatic potential and 

negative electrostatic potential. Negative extreme is 

represented by red and positive extreme is denoted by 

blue colour. The electron-rich centers are the carbonyl 
center and hydroxyl group. 

 

Optical properties.  
 

For the evaluation of UV-visible absorption 
spectra in methanol solvent by using a conductor-like 

polarizable continuum model, R, and all FKB 

derivatives are simulated at B3LYP level combined 

with 6-311G (d, p). Various optical characteristics like 

excitation energy, oscillator strength, absorption 

maxima (λmax), dipole moment, about MO assignment 

are evaluated by using the DFT methodology [53-55]. 

The results obtained in the solvent phase are 

summarized in Table-2. 
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Fig. 6: Representation of MEP graphs for all molecules calculated at B3LYP functional. 

 

Table-2: Summarize the outcomes of optical properties like absorption maxima, excitation energy, and Dipole 

moment in solvent phase. 
Molecules Calculated λmax (nm) Exc. (eV) Orc. Strength(ƒ)       Assignment Dipole moment 

R 373 3.317 0.0542 HOMO->LUMO (98%) 9.1661 

KG1 377 3.285 0.0434 HOMO->LUMO (98%) 8.5152 

KG2 375 3.305 0.0366 HOMO->LUMO (98%) 7.8011 

KG3 380 3.258 0.0577 HOMO->LUMO (98%) 8.2297 

KG4 373 3.322 0.0588 HOMO->LUMO (98%) 8.4260 

KG5 406 3.051 0.0081 HOMO->LUMO (98%) 5.6752 

 

The findings showed that the experimentally 

obtained λmax reported at 372 nm exhibits reasonable 

agreement with the DFT-based λmax value of R 

calculated at 673 nm. The results demonstrated that 

changing the end-capped groups on the Ring B of the 

FKB molecule has a significant impact on absorption 
maximum spectra. All compounds (KG1–KG5) 

showed maximum values of absorption in the range of 

373 and 406 nm. The UV region of the absorption 

spectra of all experimentally fabricated molecules 

(KG1–KG5) showed a red shift that is caused by the 

effective electron-withdrawing substituents present in 

the acceptor region of molecules. Bathochromic shift 

enhances the optoelectronic features of the molecule. 

Due to the presence of nitro group and prolonged 

extended conjugation, the KG5 molecule displayed 

maximum absorbance maxima among all. The endcap 

group also contributes to energy bandgap narrowing. 

For all modified molecules and R, the decreasing 

sequence of λmax is KG5>KG3>KG1>KG2>R>KG4 

 

Excitation energy is a significant factor that 

has been seen in Table-3. to see the impact. It is the 

quantity of energy required to raise the electrons from 
their resting state (ground) to their excited state. It is 

inversely related to the effectiveness of the molecule. 

Energy will be lower, and the efficiency of molecules 

will be higher [56-59]. The occurrence of effective 

acceptor moieties results in poor excitation energy for 

the molecules. The tabularized data showed that all 

FKB derivatives except KG4 have excitation energies 

less than R, which may be advantageous for effective 

charge transference. KG5 had the lowest excitation 

energy (3.05), resulting in excellent efficiency. The 

order of excitation energy increases as follows: 

KG5<KG3<KG1<KG2<R<KG4.
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Another crucial factor is oscillator strength, 

which expresses molecular absorption and emission as 

a change in energy state. Higher light-harvesting 

energy is caused by stronger oscillators. Major 

molecular orbital assignments, which represent the 
transitions between HOMO and LUMO, are the next 

element discussed here. All the molecules except KG5 

demonstrated a contribution of around 98% relative to 

the R molecule. 
 

Table-3. summarizes the results of optical 

properties in gaseous state. The decreasing sequence 

of absorption maxima values for the R and all 

experimentally formed molecules is listed as 

KG5>KG1>KG3>KG2>KG4>R. It is suggested from 
the optical properties that the KG5 molecule showed 

the best results among all due to its high λmax value, 

and small excitation energy. The UV graph of all 

molecules in both phases is depicted in Fig. 7. 

Table-3: Summarize the outcomes of absorption maxima, excitation energy, and Dipole moment in the gaseous 

phase. 
Molecules Calculated λmax (nm) Exc. (eV) Osc. Strength      (ƒ) Assignment Dipole moment (Debye) 

R 371 3.334 0.0159 HOMO->LUMO (98%) 6.8124 

KG1 380 3.262 0.0137 HOMO->LUMO (98%) 6.3231 

KG2 377 3.286 0.0137 HOMO->LUMO (98%) 5.7919 

KG3 379 3.263 0.0153 HOMO->LUMO (98%) 6.1315 

KG4 372 3.330 0.0158 HOMO->LUMO (98%) 6.2365 

KG5 410 3.022 0.0038 HOMO->LUMO (98%) 4.3044 
 

 
 

 

Fig. 7: Demonstration of UV graph of all molecules in solvent and gaseous phase. 
 

Dipole moment.  
 

To see the polarity of all experimentally 

synthesized molecules (KG1-KG5), another revealing 

factor is dipole moment analysis. The solubility of a 

molecule in a polar solvent is directly proportional to 

the dipole moment. It means highly polar solvent 

increases the solubility of drugs having larger dipole 

moments [60].  The dipole moment influences how 

charge moves between HOMO and LUMO in 

experimentally synthesized molecules; the greater the 

dipole moment, the faster will be electron transference 

within the molecule. When molecules get excited, 
their polarity increases. However, this only lasts for a 

short time before de-excitation occurs.  

 

Table-4: Summarizes the outcomes of Dipole moment 

obtained in solvent and gaseous phase. 
Molecules µs 

(Debye) 

µg 

(Debye) 

µs - µg 

(Debye) 

R 9.1661 6.8124 2.3537 

KG1 8.5152 6.3132 2.2020 

KG2 7.8011 5.7919 2.0092 

KG3 8.2297 6.1315 2.0982 

KG4 8.4260 6.2365 2.1895 

KG5 5.6752 4.3044 1.3708 

The dipole moment was simulated at 

B3LYP/6-311G (d, p) in the presence of methanol 

used as a solvent utilizing the CPCM model. Table 4. 
lists the simulated strength of the dipole moment of 

every molecule. The findings suggest that in the 

methanol solvent, the predicted dipole moment 

strength is higher, while in the gaseous phase, it is 

lower. This enhancement in dipole is due to the 

interaction of the solvent molecule with the fabricated 

molecule. While this type of interaction is missing in 

the gaseous phase. All the molecules showed 

comparable results concerning the reference molecule. 

In the solvent phase and gaseous state, the order of 

dipole moment of all molecules and R is the same 

given as R>KG1>KG4>KG3>KG2>KG5 
 

Reorganization energy.  

 

To see the effectiveness of a drug, another 

crucial approach is the reorganization of energy [22, 

61, 62]. Electron and hole mobilities are correlated 

with reorganization energy in a contrary relation. It 

means that the lower reorganization energy of the 

molecule offers higher electron and hole mobilities. 
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There are two types of reorganization energy 

internal and external energy. However, in this study, 

we are focusing only on internal reorganization 

energy.  

 
In the present work, we calculated the 

reorganization energy values for holes and electrons 

utilizing the B3LYP/ 6-311 G (d, p) technique of DFT. 

Table 5. represents the electron and hole 

reorganization energies for all molecules. Similarly, 

the reorganization graph for R and all modeled 

molecules are demonstrated in Fig. 8. The electron 

mobility for R is 0.0256 D while the electron 

mobilities for KG1, KG2, KG3, KG3, KG4, KG5 are 

0.0275, 0.0302, 0.0251, 0.0261, and 0.0206 D 

correspondingly. The findings showed excellent 

insight into boosting electron mobilities of KG1, KG2, 
and KG3 molecules. Among all KG5 molecules 

demonstrated the lowest reorganization energy value 

due to higher charge transference between donor and 

electron-deficient acceptor moiety. The decreasing 

sequence for all molecules for electron mobility is; 

KG2>KG1>KG4>R>KG3>KG5. 

 

On the other hand, the theoretically obtained 

hole mobility value for the R molecule is 0.0125 D. 

While the hole mobilities for KG1, KG2, KG3, KG3, 

KG4, KG5 are 0.0150, 0.0156, 0.0103, 0.0122, and 
0.0185 D, respectively. It is suggested from the finding 

that hole mobilities of KG3, and KG4 vibrant 

molecules are the lowest showing higher charge 

transfer. The descending order for hole mobilities is; 

KG5>KG2>KG1>R>KG4>KG3. So, the molecules 

showed comparable reorganization energy values for 

electrons and holes in comparison to the R. 

 

Table-5: Theoretically calculated Holes and Electron 

mobility values for all molecules. 
Molecules 

e (eV) [a] h (eV) [b] 

R 0.0256 0.0125 

KG1 0.0275 0.0150 

KG2 0.0302 0.0156 

KG3 0.0251 0.0103 

KG4 0.0261 0.0122 

KG5 0.0206 0.0185 

 [a]Reorganizational energy of electron [b] Reorganizational 

energy of hole 

 

Transition Density Matrix and Binding Energy.  

 

For the calculation of the charge transfer of 

electrons in an excited state, another prominent tool is 

the transition density matrix (TDM). It facilitates the 

electronic excitation dynamics, and hole-electron 
localization/delocalization when they are excited. 

TDM also helps to observe the interaction between 

D/A [63-65]. 

 
 

Fig. 8: Reorganization energy graphs for all 

fabricated molecules. 

 

By doing simulations on the reference 

molecule and KG1-KG5 by utilization of B3LYP/6-

311G (d, p) in an excited state, TDM plots are 
obtained. The graphs are depicted in Fig. 9. Hydrogen 

atoms have no transition; hence their impact is 

omitted. The TDM plot consists of three fragments; 

Donor, acceptor, and π-bridge. This heat map plot 

demonstrated the diagonal relationship between donor 

and acceptor via π-bridge. 

 

The graph showed that the KG5 molecule has 

greater electron coherence in the acceptor region due 

to the presence of the nitro group. It facilitates greater 

charge transfer and the simplest dissociation of exciton 

in the S0-S1. The decreasing order for all molecule is 
given as KG5>KG3>KG4>KG2>KG1>R. 

 

Another important factor to evaluate the 

charge separation efficiency of the compound is 

binding energy. Binding energy can be defined as the 

amount of energy required to dissociate the columbic 

forces holding exciton [66]. An exciton is an electron-

hole pair bounded by forces [67]. When light is 

absorbed by a compound, the electron gets excited 

from HOMO to LUMO. The hole is generated in the 

HOMO of the donor moiety. The binding energy 
should be needed to dissociate it. It is denoted by “Eg”. 

For efficient charge separation, binding energy must 

be low. The binding energy can be computed by using 

the formula given below; 

 

𝐸𝑏 =  𝐸𝐿−𝐻 − 𝐸𝑜𝑝𝑡    (iv) 
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Fig. 9: Depiction of TDM plots for R and all fabricated molecules at the B3LYP level. 

 
The HOMO/LUMO bandgap is exhibited by 

𝐸𝐿−𝐻 [68]. Eopt however, stands for the minimal energy 

required for the first excitation [69, 70]. The binding 

energy of the reference molecule and all FKB 

derivatives were simulated on B3LYP combined with 

6-311G (d, p). The theoretical values of binding 

energy for all molecules are summarized in Table 6. 

The findings demonstrated that all molecules have 

lower binding energies as compared to reference 

molecules. It means all molecules are efficient. The 
reference molecule has Eg value of 0.64eV. Among 

them, the KG5 molecule exhibited the lowest Eg of 

about 0.38eV. The molecules having somewhat higher 

Eb values are due to the localization, which reinforces 

the columbic forces of attraction between holes and 

electrons. 

 

All experimentally synthesized molecules 

and R have decreasing binding energy values in the 

following sequence: 
R>KG4>KG3>KG2=KG1>KG5. The findings of the 

TDM heat map are further supported by electron-hole 

overlapping plots shown in Fig. 10. 

 

Table-6: Calculated binding energy values for all 

molecules using the DFT approach. 
Molecules EH-L 

(eV) 

Eopt 

(eV) 

Eb 

(eV) 

R 3.96 3.31 0.64 

KG1 3.88 3.28 0.60 

KG2 3.91 3.30 0.60 

KG3 3.88 3.25 0.62 

KG4 3.96 3.32 0.63 

KG5 3.43 3.05 0.38 

 

This overlapping graph represents the 

contribution of electrons and holes. Non-hydrogen 

atoms are displayed in the x-axis. While different hues 

show the overlapping of holes and electrons according 

to their corresponding contributions. The major 

overlapping contribution is displayed by red color. 

According to the findings, KG5 had the maximum 

contribution in both hole and electron among all 

molecules. 
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Fig. 10: Presenting overlapping graphs of electrons and holes for all synthesized molecules. 
 

Table 7: Glide molecular docking data of co-crystallized ligand, reference and top hit compound with an anti-

inflammatory human target protein 4COX under investigation.  
  4COX (Antiinflammatory) 

Ligand DScore 

(kcal/mol) 

GScore 

(kcal/mol) 

Glide 

Emodel 

H-bond with 

Distance in Å 

Polar 

interactions 

Hydrophobic Interactions 

(A)Co-crystallized 

ligand 

-10.972 -10.973 -93.304 ARG120 (1.98) 

TYR355 (1.91) 

SER530 (2.13) 

HIS90 

SER353 

SER530 

VAL116, TYR348, VAL349, LEU352, TYR355, 

LEU359, 

PHE381, LEU384, TYR385, TRP387, PHE518, 

MET522, 

VAL523, ALA527, LEU531 

(B) FKB -8.087 -8.165 -57.491 - HIS90 

SER353 

SER530 

VAL116, VAL349, LEU352, TYR35, LEU359, 

PHE381, LEU384, TYR385, TRP387, PHE518, 

MET522, VAL523, ALA527, LEU531, LEU534 

(C) KG2 -8.775 -8.853 -66.247 - HIS90 

SER353 

SER530 

 

MET113, VAL116, TYR348, VAL349, LEU352, 

TYR355, 

LEU359, PHE381, LEU384, TYR385, TRP387, 

PHE518, 

MET522, VAL523, ALA527, LEU531 

 

Glide Molecular Docking Results 
 

The docking results of anti-inflammatory target 

protein 4COX with different ligands under investigation 

are given in Table-7 (provided in supplementary 

material). The co-crystallized ligand (Fig. 11.) interacts 

with the target protein via hydrogen bonding along with 

respective distances as ARG120 (1.98 Å), TYR355 (1.91 

Å), and SER530 (2.13 Å). Several hydrophobic 

interactions are observed with VAL116, TYR348, 

VAL349, LEU352, TYR355, LEU359, PHE381, 

LEU384, TYR385, TRP387, PHE518, MET522, 

VAL523, ALA527, and LEU531. The hydrophobic 
interactions involve non-polar amino acid residues and 

thus facilitate the ligand's binding affinity. The G-Score 

is -10.973 kcal/mol. The FKB (reference compound) 

(Fig. 12.) does not engage in hydrogen bonding. 
However, it involves the hydrophobic interactions with 

VAL116, VAL349, LEU352, TYR35, LEU359, 

PHE381, LEU384, TYR385, TRP387, PHE518, 

MET522, VAL523, ALA527, LEU531, and LEU534. 

These interactions are responsible for stabilizing the 

ligand within the binding pocket of a target protein. The 

GScore is -8.165 kcal/mol, which shows the favorable 

binding energy of the complex. KG2 (Fig. 13.) interacts 

hydrophobically with MET113, VAL116, TYR348, 

VAL349, LEU352, TYR355, LEU359, PHE381, 

LEU384, TYR385, TRP387, PHE518, MET522, 

VAL523, ALA527, and LEU531 resulting in a G-Score 
of -8.853 kcal/mol. In addition, hydrogen bond formation 

is not observed. All the ligands mentioned above show 

polar interactions with HIS90, SER353, and SER530. 
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Table-8: Glide molecular docking data of co-crystallized ligand, reference and top hit compound with an anti- 

cancer human target protein 2WNQ under investigation.  
  2WNQ (Anticancer) 

Ligand DScore 

(kcal/mol) 

GScore 

(kcal/mol) 

Glide 

Emodel 

H-bond with Distance 

in Å 

Polar 

interactions 

Hydrophobic Interactions 

(1)Co-

crystallized 

ligand 

-6.327 -7.024 -86.533 ALA114 (1.92, 2.00) 

ASP115 (1.83) 

ILE40 (2.37) 

ASP179 (1.88, 2.76) 

ALA165 (1.88) 

ASN166 

 

ILE40, VAL48, ALA61, ILE95, 

LEU111, LEU113, ALA114, ALA116, 

ALA165, PHE168 

(2) FKB -4.609 -4.686 -44.506 ALA114 (2.23), 

ASP179 (2.14) 

- ILE40, VAL48, ALA61, ILE95, 

LEU111, LEU113, ALA114, 

PHE168 

(3)KG4 -4.959 -5.036 -44.912 ALA114 (2.15), 

ASP179 (2.10) 

- ILE40, VAL48, ALA61, ILE95, 

LEU111, LEU113, ALA114, 

PHE168 

 

Table-8 represents the docking scores and 
interactions between various prepared ligands and the 

anticancer target protein (PDB ID: 2WNQ) given in 

supplementary material. This table highlights insights 

into how these ligands interact with the protein and their 

potential anticancer characteristics. The co-crystallized 

ligand of the chosen anticancer target protein (Fig. 14.) 

interacts through hydrophobic interactions with ILE40, 

VAL48, ALA61, ILE95, LEU111, LEU113, ALA114, 

ALA116, ALA165, and PHE168. The G-Score of -7.024 

kcal/mol. ALA114 (1.92 Å, 2.00 Å), ASP115 (1.83 Å), 

ILE40 (2.37 Å), ALA165 (1.88 Å), and ASP179 (1.88 Å, 
2.76 Å) are the amino acid residues that are involved in 

hydrogen bonding. At the same time, the ASN166 is the 

only polar amino acid residue engaged in the polar 

interactions.The FKB (Fig. 15.) on interaction with 

2WNQ (anticancer) protein showed the hydrophobic 

interactions with ILE40, VAL48, ALA61, ILE95, 

LEU111, LEU113, ALA114, and PHE168. It shows 

hydrogen bonding with ALA114 (2.23 Å) and ASP179 

(2.14 Å). The docking score of -4.686 kcal/mol reflects 

the moderate binding affinity of the reference compound 

to the anticancer target protein. Polar interactions are not 

observed. KG4 (Fig. 16.) interacts hydrophobically with 
ILE40, VAL48, ALA61, ILE95, LEU111, LEU113, 

ALA114, and PHE168. The Gscore of -5.036 kcal/mol 

indicates the robust binding of KG4 to the anticancer 
protein. It showed the hydrogen bonding with ALA114 

(2.15 Å) and ASP179 (2.10 Å). 

 

The docking result of an antioxidant target 

protein 5M8Q with various ligands under study is given 

in Table-9 (supplementary material). The co-crystallized 

ligand (Fig. 17.) interacts with the target protein through 

hydrogen bonding along with respective distance as 

ARG321 (2.11, 2.71 Å). The hydrophobic interactions 

are observed with PHE362, PRO371, ALA372, 

VAL373, and LEU382. The polar interactions are seen 
with ASN378 and SER374. The relative GScore is -6.211 

kcal/mol. The FKB (reference compound) (Fig. 18.) 

engages in hydrogen bonding with GLY389 (1.70 Å), 

and the hydrophobic interactions involve PHE362, 

LEU382, VAL391, and PHE400. HIS377, ASN378, 

HIS381, GLN390, and SER394 are involved in polar 

interactions. The G-Score is -5.194 kcal/mol.  

 

KG1 (Fig. 19.) interacts hydrophobically with 

PHE362, LEU382, VAL391, and PHE400, resulting in a 

G-Score of -6.287 kcal/mol. In addition, GLY389 (1.81 

Å) is involved in hydrogen bond formation. The polar 
interactions are evident with HIS377, ASN378, HIS381, 

GLN390, and SER394. 
 

Table-9: Glide molecular docking data of co-crystallized ligand, reference and top hit compound with an 

antioxidant human target protein 5M8Q under investigation. 
  5M8Q (Antioxidant) 

Ligand Dscore 

(kcal/mol) 

GScore 

(kcal/mol) 

Glide 

Emodel 

H-bond with 

Distance 

in Å 

Polar 

interactions 

Hydrophobic Interactions 

(a)Co-crystallized 

ligand 

-6.211 -6.211 -67.601 ARG321 (2.11, 

2.71) 

ASN378 

SER374 

PHE362, PRO371, ALA372, 

VAL373, LEU382 

(b) FKB -5.116 -5.194 -45.936 GLY389 (1.70) HIS377 

ASN378 

HIS381 

GLN390 

SER394 

PHE362, LEU382,  VAL391, 

PHE400 

(c) KG1 -6.210 -6.287 -49.389 GLY389 (1.81) HIS377 

ASN378 

HIS381 

GLN390 

SER394 

PHE362, LEU382, VAL391, 

PHE400 
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Fig. 11: Co-crystallized ligand (A)-3D and 2D interaction view with an anti-inflammatory target protein 4COX. 

 

 

 
 

Fig. 12: FKB (B)-3D and 2D interaction view with an anti-inflammatory target protein 4COX. 

 

 
 

Fig. 13: KG2 (C)-3D and 2D interaction view with an anti-inflammatory target protein 4COX. 

 

 
 

 

Fig. 14: Co-crystallized ligand (1)-3D and 2D interaction view with an anticancer target protein 2WNQ. 
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Fig. 15. FKB (2)-3D and 2D interaction view with an anticancer target protein 2WNQ. 

 

 
 

Fig. 16: KG4 (3)-3D and 2D interaction view with an anticancer target protein 2WNQ. 

 

 
 

Fig. 17: Co-cryst ligand (a)-3D and 2D view with an antioxidant target protein 5M8Q. 

 

 
 

Fig. 18: FKB (b)-3D and 2D interaction view with an antioxidant target protein 5M8Q. 
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Fig. 19: KG1 (c)-3D and 2D interaction view with an antioxidant target protein 5M8Q. 

 

The glide molecular docking study has thus established the following order of decreasing GScore values:  

 

i. (4COX) Anti-inflammatory Order co-crystallized ligand (-10.973)> KG2 (-8.853) > KG1 (-8.851) > KG4 

(-8.663) > FKB (-8.165) > KG5 (-8.008) > KG3 > (-7.906) 
ii. (2WQN) Anti-cancer Order co-crystallized (-7.024) > KG4 (-5.036) > KG5 (-4.852) FKB (-4.686) > KG2 

(-4.634) > KG1 (-4.602) > KG3 (-4.011) 

iii. (5M8Q) Antioxidant Order KG1 (-6.287) > co-crystallized ligand (-6.211) > KG4 (-5.878) > KG5 (-5.222) 

> FKB (-5.194) > KG3 (-5.041) KG2 (-4.992). 

 

Conclusion 
 

Various advanced quantum molecular 

techniques were applied to evaluate the optoelectronic 

properties of KG1 to KG5. In this study, FKB showed 

D-A-π-A type morphology. The results indicated that 

all compounds exhibited a bathochromic shift in the 
UV absorption spectra leading towards higher 

efficiency. Due to extensive conjugation and the 

presence of the nitro group on KG5 showed the lowest 

excitation of 3.05 eV and reddish absorption spectra at 

406 nm and a lower bandgap of 3.43 eV. KG5 has a 

lower Eb value than R, around 0.38 eV. Based on these 

results, the KG5 molecule was found to be the best 

molecule having excellent optoelectronic properties. 

The lower the value of the GScore in Glide molecular 

docking indicated the potency of a molecule. All the 

molecules exhibited several biological activities. 

Thus, the computational and molecular docking 
studies of KG2, KG4, and KG1 and related 

compounds indicated their potency. 
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