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Abstract: Chalcone derivatives with intriguing optical and electrochemical properties have been 

synthesized and systematically studied for their potential as anticancer agents. This article, insights 

strategically synthesis followed by their spectroscopic, computational, electrochemical, and 

biological studies of 3-(naphthalen-3-yl)-1-phenylprop-2-en-1-one (3NPEO). The absorption and 

emission bands witness 320-370 nm and 375–462 nm respectively. The solvatochromic effect was 

investigated in different solvents of various polarities with significant Stokes shifts (50–87 nm) 

indicating intramolecular charge transfer (ICT) in the excited state. Molar absorptivity (1.7–4.26 × 10⁴ 

M⁻¹ cm⁻¹) and fluorescence quantum yields (0.368–0.917) were determined, along with nonlinear 

optical properties in solution. Cyclic voltammeter is employed to analyze Electrochemical 

parameters, while quantum chemical calculations (DFT) by B3LYP/G(d,p) in chloroform confirmed 

promising results with experimental data. Molecular docking and dynamics simulations revealed 

strong interactions with the progesterone receptor enzyme, supported by structure-activity 

relationship (SAR) analyses. In vitro cytotoxicity assays on the MDAMB-231 cell line demonstrated 

moderate tumor cell inhibitory activity, with apoptosis studies confirming early and late apoptosis 

induction. These results suggest that the title compound holds promise as a potential anticancer 

agent. 

Keywords: Stoke’s shift; fluorescence quantum yield; cyclic voltammetry; Nonlinear optics (NLO); 

molecular docking; molecular dynamics simulations; flow cytometry; apoptotic pathway 

 

1. Introduction 

Chalcone derivatives, a prominent subclass of open-chain flavonoids, have gained considerable 

devotion owing to their versatile applications across various scientific domains. These compounds, 

biosynthesized by plants and synthetically accessible via robust methods [1], are illustrated by two 

aromatic rings connected through a ketoethylenic α,β-unsaturated carbonyl system. Their structural 

features, including extensive π-electron delocalization, facilitate the synthesis of novel derivatives 

and enhance their functional versatility [2–4]. 

Traditionally used as dyes, chalcone derivatives now serve as critical tools for studying photo-

induced electron transfer processes [5–9]. Their chromophoric properties and diverse biological 
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activities position them as valuable resources in chemistry, optics, and biology. Applications extend 

to optoelectronics, nonlinear optical materials, dye-sensitized solar cells, and bioimaging. Their D–

π–A framework and photophysical attributes, such as UV–vis absorption (redshift), Stokes shifts, 

intramolecular charge transfer, fluorescence quantum yield [10], and light stability, make them ideal 

for high-efficiency electron transport, photoluminescence [11], material science, and optics [12] and 

biological imaging [13]. In addition to it chalcones have revealed attention-grabbing biomedical 

applications, namely antimicrobial [14], antifungal [15], antiviral [16], antimalarial [17], 

antituberculosis [18], antioxidant [19], and anticancer [20]. 

Chalcones also exhibit significant nonlinear optical (NLO) capabilities, sensitive to electric fields, 

have been utilized in photonic devices [21,22], optical switching [21], data processing, and waveguide 

modulators [21–24]. Furthermore, the electrochemical behavior of chalcone derivatives, governed by 

their conjugated α,β-unsaturated carbonyl structure and substituent effects, provides insights into 

their redox properties and stability. This renders them promising candidates for applications in 

catalysis, photophysics, and biomedical fields, including anticancer therapies [25,26]. 

With a curiosity to explore the title compound, in the recent work, we focus on photophysical 

characteristics, nonlinear optical properties and electrochemical analysis. Further, we tried to 

correlate with theoretical studies of highest occupied molecular orbital (HOMO)/lowest unoccupied 

molecular orbital (LUMO) energy level, molecular electrostatic potential (MEP). The elaborated 

photophysical and photochemical features are integral characteristics of chalcone derivatives which 

have yet to undergo systematic investigation for potential biological applications. Wide literature 

survey validates that the chalcone derivatives are impressive contenders for antibacterial, antifungal, 

anti-inflammatory, and anticancer properties. By adding several functional groups like aryls, 

halogens, hydroxyls, carboxyls 

phenyl, etc. [27] empower chalcones to reveal a broad spectrum of biological activities. In view 

of this, we have emphasized on the approaches to develop the target compound as a probable 

candidate as an anticancer agent. However, there are no reports available in literature and no prior 

research has been conducted on this class of molecules. Therefore, we have performed a molecular 

docking, dynamics simulations, in-vitro cytotoxicity assays on specific cell line which has 

demonstrated a moderate tumor cell inhibitory activity, with apoptosis studies. 

2. Materials and Methods 

2.1. Materials 

The required analytical grade chemicals and reagents were procured from Sigma Aldrich. The 

spectrum of spectroscopic graded solvations with diverse polarities were employed for evaluates 

solvatochromism. The concentration of solutions prepared was 1X10-5 M to evade self-absorption and 

aggregation. All solvatochromic studies were plotted and analysed via Origin 8.0 software. 

2.1.1. Design and Synthesis 

All organic chemicals and solvents were of spectroscopic graded and purchased from Sigma-

Aldrich, utilized without additional refinement. The title compound 3-(naphthalen-3-yl)-1-

phenylprop-2-en-1-one (3NPEO) is blended by the Claisen–Schmidt condensation protocol. 

Acetophenone (1.0 mmol) and 2-naphthaldehyde (1.0mmol) were dissolved in 30ml of ethanol. 

Sodium hydroxide (1.0 mmol) was added. The reaction mixture was refluxed for four hours. Progress 

of the reaction was monitored by TLC. After completion of the reaction, the reaction mixture was 

quenched to ice cold water, solid dispersed was filtered and recrystallized using ethanol [28–30]. The 

molecular structure is displayed in Figure 1. 
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Figure 1. The molecular structure of 3NPEO. 

2.2. Instrumentation 

2.2.1. UV-Vis Spectroscopy 

The optical properties of exploratory molecule [3NPEO] was planned at 1x10-5 M concentration 

in variety of dissolvable. The excitation spectra were traced by employing two-fold beam UV-VIS 

Spectrophotometer (Analytic Jena Specord 210 plus) in the wavelength range of 200 to 800 nm. 

2.2.2. FT-IR and NMR 

The FT-IR spectrum was acquired by Perkin Elmer Spectrophotometer in the scan region 4000-

450 cm-1 with a resolution of 2 cm-1 and 100 numbers of scans using KBr pellet. Bruker 400 MHz 

spectrometer is engaged to record 1H NMR and 13C NMR spectra and DMSO-d6 as solvent and TMS 

as an internal standard. The chemical shifts are documented in  ppm with reference to the residual 

solvent signal. 

2.2.3. Photoluminescence Spectroscopy and Fluorescence Quantum Yield (f) 

The molecule’s fluorescence emission spectra were recorded by a Fluorescence 

spectrophotometer (Hitachi F - 7000) at USIC, Karnataka University, Dharwad, India at room 

temperature. Spectral records were quantified at ambient temperature. The fluorescence quantum 

yield () was computed by employing a typical comparative scheme comparative to standard 

Tryptophan by using the following relationship, 

 =
𝑠 𝐹𝑢 (𝑂𝐷𝑆) 𝑛𝑢

2

𝐹𝑠 (𝑂𝐷𝑢) 𝑛𝑠
2

  

where all the notations signify their usual meaning. The theory of fluorescence quantum yield is 

discussed in supplementary Th-S2. 

2.2.4. Nonlinear Optical Measurements 

The nonlinear optical (NLO) properties of the sample was studied utilizing standard and 

sensitive Z-Scan experimental procedure, which springs the statistics about nonlinear absorption and 

nonlinear refraction coefficients [31]. The sample was transferred in the visible region; hence one can 

measure the nonlinear optical properties in the wavelength of interest, and we performed our 

experiment at 532nm. The open aperture z-scan measure the nonlinear absorption whereas the closed 

aperture z-scan measures the nonlinear refraction. The experimental setup is shown in Figure S1. The 

optical limiting properties were studied with the open aperture scan only which gives the radiance 

dependent transmission through elevated accuracy. A constant energy beam of laser is focused by 

means of a lens, and maximum beam intensity is observed the focal point (z=0) and diminishes 
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gradually on either side (as z is decreased). Then the sample is decoded through the beam and the 

transmission T(z) is quantified. A graph of z vs. T(z) evidences the intensity reliant on transmission, 

the diversity of the nonlinearity and the pertinent nonlinear coefficients [32]. Sample was dissolved 

in a DMF solvent with the concentration 0.01 M collected in a quartz cuvette and mounted on a 

stepper motor controlled by linear translation phase. The linear transmittance was adjusted to be 75% 

at 532nm. The experiment was conducted utilizing a continuous-wave diode-pumped solid-state 

(DPSS) laser, operating at 532nm wavelength and 200 mW input power. Data acquisition was 

accomplished using a fully automated interface. 

2.2.5. Computational Methods 

The theoretical study of the title molecule was carried out by means of Gaussian 16 software [33] 

and further Gauss View 6.0 program was employed. DFT and TD-DFT were used to optimized the 

molecular geometry of 3NPEO by employing B3LYP/6-311G(d,p) were calculate electronic and 

spectroscopic parameters. The HOMO, LUMO and energy gap values, The Global Chemical 

Reactivity Descriptors (GCRD) and Molecular Electrostatic Potential (MEP) were calculated. 

2.2.6. Electrochemical Characterization 

The electrochemical characteristics of 3NPEO compound were systematically examined using 

Cyclic Voltammetry (CV) on a CHI 6156e workstation with a three-electrode cell system. The analysis 

was conducted at room temperature in anhydrous acetonitrile, employing a 0.1 M solution of 

tetrabutylammonium hexafluorophosphate (nBu4NPF6) as the supporting electrolyte. A scan rate of 

100 mVs−1 was applied within a voltage range of −1.2 to 0.8 V. The glassy carbon electrode was 

employed as the working electrode, the Pt wire was applied as the counter electrode, and the 

Ag/AgCl electrode was engaged as the reference electrode. The surface of the working electrode was 

sterilized thereafter each scan by mechanical polishing via alumina slurry. 

The below mentioned empirical relation has been employed to estimate the highest occupied 

molecular orbital energy. 

HOMO= - {[Eox- E1/2 ferrocene] + 4.8} ev  

where Eₒₓ represents the onset of the corresponding oxidation potential peak, and E₁/₂ (ferrocene) 

denotes the onset of the oxidation potential peak of the ferrocene redox couple used as a reference. 

The energy of lowest unoccupied molecular orbital was estimated by employing the following 

relation. 

LUMO= - [HOMO + Egopt] ev  

where Egopt is the optical band gap evaluated by applying the formula 1240/λonset, where λonset is the 

long edge of absorption spectra. 

2.3. Biological Evaluation 

2.3.1. Structure Preprocessing, Validation and Molecular Docking 

The progesterone receptor with bound ulipristal acetate and a peptide from the corepressor 

SMRT structure generated through X-ray diffraction was downloaded from the Research 

Collaboratory for Structural Bioinformatics Protein Data Bank (PDB ID: 4OAR). All water molecules 

and heteroatoms were removed from the downloaded pdb file to obtain a clean protein structure. As 

the structure contained missing residues, homology modeling through MODELLER 10.2 [34] was 

adopted to remodel the incomplete structure. The generated model was further subjected to ERRAT 

and PROCHECK programs hosted on the UCLA-DOE Lab - SAVES v6.0 

(https://saves.mbi.ucla.edu/). The validated model is then subjected to molecular docking with 

AutoDock4 assisted through AutoDockTools [35]. Polar hydrogens and appropriate charges were 

added to the protein structure, and the pdbqt file was generated. Similarly, the optimized ligand 
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structure was embedded and converted to pdbqt format using AutoDockTools. Reference-based 

active site docking was performed considering the grid box coordinates around the co-crystallized 

ligand in 4OAR with X, Y, Z grid centre 14.5X24.8X14.8 and Grid size of 20.6X20.9X18.3. A total of 9 

docking runs were performed, and the best pose was selected for further analysis. 

2.3.2. Molecular Dynamic Simulation and Trajectory Analysis 

MD simulations of the Native protein structure (4OAR-APO) and the protein-ligand complex 

(4OAR-CMP6) were accomplished by means of GROMOS 54A7 force field using GROMACS-2020.6 

simulation package. The Automated Topology Builder generated the ligand topology [36]. ATB 

generates the heteroatom topology by decomposing the molecule into its constituent atoms and 

bonds, assigning force field parameters to each atom and bond. Finally, it generates a force field 

topology file for the molecule. To incorporate the hydrogens of heavy atoms, the pdb2gmx module 

of GROMACS was utilized. Additionally, the H++ server specifies the protonation states of each 

amino acid [37]. The formulated arrangements underwent preliminary vacuum attenuation of 1500 

steps by means of the sharpest descent algorithm to initiate the process. Subsequently, the structures 

were solvated in a cubic periodic box employing the TIP3P water model, with the water extending 

10 Å  beyond the protein on all sides [38]. The structures were then negated, and an ionic strength of 

0.15 M was sustained by introducing suitable number of Na+ and Cl− hostage ions. Wide-ranging 

rounds of diminishment and thermal equilibrium were conducted to eliminate any overlaps or 

adjacent proximities of the additional water and ions to the biomolecular assembly, as well as to 

diminish the protein from its lattice-constrained configuration in the crystal. Notably, an energy 

depletion step of 2500 steps was carried out using the steepest descent algorithm. Under isobaric and 

isothermal conditions the solvent density was adjusted to 1 bar and 310 K by means of 

Parrinello−Rahman barostat through an isotropic pressure coupling with a coupling constant of 0.1 

ps [39]. Then both arrangements were equalized in the NPT assemble with an interval 2 fs for 10 ns 

each. The enduring electrostatic interrelationships were accomplished by means of particle-mesh 

Ewald sum with a cutoff of 1.0 nm [40]. The van der Waals interrelationships were concluded 

elsewhere the optimim of 1.0 nm, and the LINCS algorithm was employed to compel all bonds 

connecting hydrogen atoms [41]. The NPT equilibration phase was crucial for achieving the 

convergence of energy components and mass density. The consequential assembly from the NPT 

steadiness phase was then exploited for the concluding output run in the NPT ensemble, spanning a 

chemical time of 500 ns. Trajectory analysis with the GROMACS analysis utilities was done to 

estimate the Root-mean-square deviation (RMSD) (backbone), Root mean square fluctuation (RMSF) 

calculation (C-α), Radius of gyration (Rg), and Solvent Accessible Surface Area (SASA). 

2.3.3. Free Energy and Decomposition 

To comprehend the binding free energy (ΔG binding) of the substrate or inhibitor with the 

protein over the course of the simulation, we implemented the Molecular Mechanics Poisson-

Boltzmann Surface Area (MM-PBSA) approach [42]. This allowed us to gain insights into the 

energetic contributions of the binding process. The binding free energy estimation was performed 

using the g_mmpbsa software [43], ensuring a precise determination of the energetic landscape. The 

ΔG was computed over the last 300 ns to accurately determine the binding free energy, with a 

window size of 200 ns. We derived the free energy of binding by computing the distinction between 

the bound and unbound states. This approach provided a comprehensive understanding of the 

thermodynamics underlying the molecular interactions within the system, aiding in the elucidation 

of crucial aspects of the binding mechanism. Further, the residue contribution towards the binding 

was also calculated through decomposition. 
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2.3.4. Free Energy and Decomposition 

To comprehensively assess the binding free energy (ΔG binding) between the inhibitor and the 

protein during the simulation, we employed the Molecular Mechanics Poisson-Boltzmann Surface 

Area (MM-PBSA) methodology [69]. This approach facilitated a thorough examination of the 

energetic components involved in the binding process. The g_mmpbsa software [70] was utilized to 

accurately determine the binding free energy, ensuring precise insights into the energetics of the 

system. To ensure robust calculations, the ΔG was computed over the final 300 ns, with a window 

size of 200 ns, allowing for a comprehensive understanding of the binding progression amongst the 

ligand and the protein, as outlined in prior studies [71]. This strategy enabled a comprehensive 

exploration of the thermodynamic underpinnings of the molecular interactions, facilitating a deeper 

comprehension of the critical facets of the binding mechanism. Additionally, the influence of each 

deposit towards the binding was determined through a comprehensive decomposition analysis, 

shedding light on the specific amino acids pivotal to the binding process [72]. 

2.3.5. Cytotoxicity Studies 

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylbyetrazolium bromide assay is used 

extensively in breast cancer research to assess cell viability and proliferation. This colorimetric assay 

is instrumental in investigating the effect of various treatments, compounds, or experimental 

conditions on breast cancer cell lines. By measuring the metabolic activity of cells, the MTT assay 

provides valuable insights into the efficacy of potential therapeutic interventions. This study 

employed the MTT assay to evaluate the cytotoxic effects of 3-(naphthalen-3-yl)-1-phenylprop-2-en-

1-one on the MDAMB-231 Cell line. Our methodology involved treating MDAMB-231 and normal 

MTT L929 cells with 3-(naphthalen-3-yl)-1-phenylprop-2-en-1-one, followed by the addition of the 

MTT reagents, which is subsequently reduced by metabolically active cells to form formazan crystals. 

The optical density, measures at 570 nm, serves as an indicator of cell viability. This method allows 

for a quantitative assessment of cell health and is a pivotal component of our research, shedding light 

on the potential effectiveness of novel strategies in managing breast cancer [44]. 

2.3.6. Apoptosis by Flow Cytometer 

The cells were seeded in a 6-well flat bottom microplate containing coverslips and maintained 

overnight at 370C in a CO2 incubator. The GI50 concentrations of each sample were treated at 24 hrs. 

After the incubation, cells were washed with PBS twice. Centrifuge for 5 minutes at 500 x g at 4°C. 

Discard the supernatant, and resuspend the cell pellets in ice-cold 1X Binding Buffer to 1 x 106 per 

mL. Keep tubes on ice. Then add 5 µl of AbFlour 488 Annexin V and 2 µL PI and Mix gently. Keep 

tubes on ice and incubate for 15 minutes in the dark. Add 400 µL of ice-cold 1X binding buffer and 

mix gently. Analyze cell preparations within 30 minutes by flow cytometry. The analysis was done 

using FlowJoX 10.0.7 software [44]. 

3. Results and Discussions 

3.1. Structural Analysis 

The molecular structure of synthesized molecule 3-(naphthalen-3-yl)-1-phenylprop-2-en-1-one 

(3NPEO) is as shown in Figure 1. The FTIR and NMR serves as the dominant spectroscopic tool for 

the structural identification and associated functional group of the molecule. The test molecule 

3NPEO is ananlysied by FTIR spectroscopy. The corresponding experimental and theoretical spectra 

are given in Figures 2a and 2b respectively. 

The FTIR spectrum of 3NPEO shows characteristic stretching bands at 1680 cm-1(koto carbonyl 

stretching), 1620 cm-1(C=C stretching), 3050 cm-1(C-H stretching). It can be observed that, there is a 

good correlation between experimental and theoretical graphs. 
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Figure 2. Experimental and simulated FT-IR spectra of 3NPEO. 

Further, the test molecule 3NPEO has been analyzed by 1HNMR and 13CNMR, and the 

corresponding experimental and theoretical spectra are shown in Figures 3a,b and 4a,b. For the title 

molecule, the 1HNMR chemical shift values are present in the span of 7.14-7.32 (m. 7H) 7.56-7.86 (m, 

4H), 7.86-8.22 (m, 3H) ppm whereas the 13C NMR chemical shift values occur in the range of 121.4, 

124.2, 126.4 (2), 126.9, 127.7, 128, 128.3, 128.7 (2), 128.8, 129.5, 132.5, 134.7, 135.2, 135.6, 145.2, 189.7 

ppm. The same experimental shift values can be compared with theoretical spectra and it can be 

concluded that, the experimental and computationally obtained spectral values by the DFT method 

are in good agreement. 

 

Figure 3. Experimental and simulated 1HNMR spectra of 3NPEO. 

 

Figure 4. Experimental and simulated 13CNMR spectra of 3NPEO. 
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3.2. Spectroscopic Analysis 

3.2.1. Photophysical Properties 

In the systematic investigation of the electronic absorption and fluorescence phenomena 

exhibited by 3NPEO, meticulous scrutiny was conducted across a spectrum of twenty-two solvents, 

spanning a gradient of polarities ranging from non-polar to polar, while maintaining a concentration 

of 10-5 M. An excitation and emission spectra of the test molecule in pentane is presented in Figure 

S2. The resultant normalized absorption and fluorescence spectra, illustrated in Figure 5a,b, unveiled 

a profound sensitivity to solvent parameters encompassing polarity, dielectric constant, refractive 

index, and polarizability. This discernible responsiveness underscores the intricate interplay between 

the molecular environment and the optical characteristics of the system under scrutiny. 

Within the discerned absorption spectra of 3NPEO, the maxima manifested within the 

wavelength range of 320–370 nm. In contrast, the fluorescence spectra exhibited maxima spanning 

the range of 375–462 nm. A noteworthy observation emerged as the solvent polarity increased-a 

conspicuous red shift transpired in the fluorescence spectra of 3NPEO, quantified at Δλf= 87 nm, in 

comparison to their absorption spectra (Δλa= 50 nm). This observation served to corroborate the 

assertion that the singlet excited state energy level Figure 5. absorption and emission maxima, Stokes 

shift, and arithmetic mean of absorption and emission peak values for the investigated molecule, 

presenting a comprehensive overview across diverse solvent environments. The results, presented in 

Table 1, intricately detail the interaction between the molecular entity and surrounding solvents. This 

meticulous tabulation offers nuanced insights into the molecule’s optical behaviour in varied 

conditions. The comprehensive analysis sheds light on the spectral characteristics, providing a 

nuanced understanding of its Photophysical properties across diverse chemical environments. 

 

Figure 5. (a) Normalized absorption and (b) emission spectra of 3NPEO in different solvents. 

Table 1. Solvatochromic data of 3NPP. 

Sl. 

No. 
Solvents 

λa 

(nm) 

λf  

(nm) 

𝝂̅𝒂  

(cm-1) 

𝝂̅𝒇 

(cm-1) 

(𝝂̅𝒂 − 𝝂̅𝒇) 

(cm-1) 

(𝝂̅𝒂 + 𝝂̅𝒇) 

(cm-1) 

(𝝂̅𝒂 + 𝝂̅𝒇)

𝟐
 

(cm-1) 

1 Pentane 320.00 375.00 31250.00 26666.67 4583.33 57916.67 28958.33 

2 Hexane 320.00 376.60 31250.00 26553.37 4696.63 57803.37 28901.69 

3 Heptane 325.00 382.00 30769.23 26178.01 4591.22 56947.24 28473.62 
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4 Cyclohexane 331.90 390.00 30129.56 25641.03 4488.53 55770.58 27885.29 

5 1 4 Dioxane 332.00 392.00 30120.48 25510.20 4610.28 55630.69 27815.34 

6 Toluene 335.20 396.00 29832.94 25252.53 4580.41 55085.46 27542.73 

7 TCE 338.00 402.00 29585.80 24875.62 4710.18 54461.42 27230.71 

8 DEE 341.70 410.00 29265.44 24390.24 4875.19 53655.68 26827.84 

9 DCE 343.00 415.00 29154.52 24096.39 5058.13 53250.90 26625.45 

10 EA 344.90 418.00 28993.91 23923.44 5070.47 52917.36 26458.68 

11 THF 348.00 423.00 28735.63 23640.66 5094.97 52376.29 26188.15 

12 Acetonitrile 351.30 428.00 28465.70 23364.49 5101.21 51830.18 25915.09 

13 DMF 352.00 430.00 28409.09 23255.81 5153.28 51664.90 25832.45 

14 DMSO 355.00 435.00 28169.01 22988.51 5180.51 51157.52 25578.76 

15 Water 360.00 441.00 27777.78 22675.74 5102.04 50453.51 25226.76 

16 Decanol 362.00 445.00 27624.31 22471.91 5152.40 50096.22 25048.11 

17 Octanol 363.00 446.00 27548.21 22421.52 5126.68 49969.73 24984.87 

18 Pentanol 364.00 448.00 27472.53 22321.43 5151.10 49793.96 24896.98 

19 Butanol 367.00 452.00 27247.96 22123.89 5124.06 49371.85 24685.93 

20 Isopropanol 368.00 455.00 27173.91 21978.02 5195.89 49151.94 24575.97 

21 Ethanol 369.00 458.00 27100.27 21834.06 5266.21 48934.33 24467.17 

22 Methanol 370.00 462.00 27027.03 21645.02 5382.01 48672.05 24336.02 

The intensification of solvent polarities correlated with discernible variations in Stokes shift 

values for 3NPEO, ranging from 4583.33 to 5382.01cm-1. This significant shift of 798.68 cm-1 

underscored a bathochromic shift and Intramolecular Charge Transfer (ICT) attributed to π→π* 

transitions [45–49]. The observed bathochromic shifts resulted from potent interactions between 

singlet excited state solute molecules and polar solvents, leading to extensive charge distribution 

between the ground and singlet excited states. This intricate intermolecular interplay indicated that 

3NPEO achieved greater stabilization in polar solvents, emphasizing the pronounced impact of 

solvent polarity on the electronic characteristics of the molecule. Our scientific pursuits are distinctly 

focused on the exploration of chalcones endowed with fluorescent properties, with an overarching 

objective to harness their potential for pivotal biological applications. Specifically, our interest lies in 

leveraging these compounds for cellular imaging and microorganism targeting. In order to realize 

these aspirations, the imperative lies in the strategic development of chalcone-based fluorescent dyes 

characterized by mega-Stokes shifts [25,50,53]. In the realm of bioimaging applications, the 

advantageous role of Stokes shifts becomes apparent in their capacity to mitigate self-quenching 

phenomena arising from molecular self-absorption. The augmentation of Stokes shifts offers an 

alternative scientific mechanism by which the potential interference of self-quenching is alleviated. 

This phenomenon is intrinsic to the reduction of overlap between absorption and emission spectra, 

consequently minimizing the likelihood of molecular self-absorption events. The strategic 

manipulation of Stokes shifts thus stands as a pivotal strategy to enhance the precision and reliability 

of bio imaging, facilitating an environment conducive to reduced self-quenching and, consequently, 

improved fluorescence signal integrity [53]. 

3.2.2. Solvatochromic Analysis 

The comprehensive analysis of spectroscopic parameters, elegantly embodied in Table S1, 

further elucidated the intricate interplay of solvent polarities on the behaviour of 3NPEO. The 

Solvatochromic behaviour of 3NPEO was subjected to a comprehensive analysis employing the linear 

correlation methodologies formulated by Bilot–Kawski, Lippert–Mataga, Bakhshiev, Kawski–

Chamma–Viallet, and Reichardt, methodology involves systematically correlating spectroscopic 

properties with diverse solvent polarity gauges to approximate the trial values of singlet ground and 

excited state dipole moments. The entire theory is discussed in supplementary TH-1. This approach 
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intricately intertwines theoretical frameworks with empirical measurements, offering a rigorous and 

comprehensive assessment of molecular behavior in varying solvent environments. 

The solvation polarity roles, namely f(ε,n) , φ(ε,n) , were meticulously computed using equations 

(1), (2), and (3) for a diverse set of twenty four solvents exhibiting incremental polarities are listed in 

Table S1. Employing equations (1) and (2), the Bilot–Kawski correlation method (̅𝑎 − ̅𝑓) vs f(ε, n) , 

and ( ̅𝑎 + ̅𝑓) vs φ(ε, n) are represented in Figure S3. Table 2 displays the slopes, represented as m(1) 

and m(2). The computation of dipole moments in the ground and excited states for the specified 

molecule yielded values of 10.74 D and 12.88 D, respectively. These calculations, executed through 

the utilization of equations (4) and (5), have been meticulously recorded in Table 3 for reference and 

analysis. In all investigated solvents, the observed trend reveals a consistently more pronounced 

excited state dipole moment compared to the ground state dipole moment for the studied molecule. 

The alignment of ground and excited state dipole moments has been a subject of consideration among 

several authors [45–49,54,55], who posited the collinearity of these moments. The angular 

relationship between the ground and excited state dipole moments, determined through equation 

(6), yields an angle of 0o, confirming their parallel orientation [45–49]. This alignment underscores the 

dependence of dipole moment direction on the distribution of positive and negative charges within 

the molecule. The evaluated collinearity suggests increased charge mobility throughout the molecule 

in the excited state in contrast to the ground state, providing empirical support for the augmentation 

of molecular charge dynamics upon excitation. 

Table 2. Statistical Analysis of 3NPP Molecule Correlations, Slopes (m), Intercepts, Correlation Factors (r), and 

Number of Solvents (n). 

Correlations Slope (m) Intercept 
Correlation 

factor (r) 

Number of 

solvents (n) 

Bilot Kawaski’s 

correlation 

786.07 4574.17 0.98 22 

-8673.38 61402.92 0.99 22 

Lippert - Mataga 2304.82 4561.99 0.98 22 

Bakhshiev’s 802.98 4588.12 0.97 21 

Kawski-Chamma-Viallet’s -9177.84 33602.13 0.99 21 

Reichardt 937.53 4651.53 0.98 20 

Solvatochromic plots of 3NPEO were delineated by employing equations (7), (8) and (9), where 

linear graphs of Lippert (̅𝑎 − ̅𝑓) vs F1(ε, n), Bakshiev (̅𝑎 − ̅𝑓) vs F2(ε, n), and Kawaski-Chamma-

Viallet (
̅𝑎+̅𝑓

2
) vs F3(ε, n) are presented in Figure S4a–c. The values of F1(ε, n), F2(ε, n), and F3(ε, n) 

have been determined using equations (10), (11), and (12) respectively. The corresponding slopes, 

denoted as m1, m2, and m3, are derived from equations (13), (14), and (15) and are tabulated in Table 

2 for comprehensive reference. 

Additionally, the assessment of ground and excited state dipole moments for the test molecule 

has been accomplished through the utilization of equations (16), (17), and (19). The resultant values 

are systematically organized and presented in Table 3 for detailed documentation and analysis. 

Quantification of excited state dipole moments (μe) was accomplished employing Lippert Mataga, 

Bakhshiev, and Kawski-Chamma-Viallet correlations, utilizing the corresponding slopes (m1, m2, and 

m3). Table 3 presents detailed results, offering a comprehensive dataset for meticulous scrutiny and 

comparative analysis. Among the listed solvents, the excited state dipole moment surpasses that of 

the ground state, indicating a significant increase in molecular polarity upon excitation. This 

heightened polarity emphasizes intensified solvent-solute interactions in the excited state compared 

to the ground state. Consequently, an observable redistribution of charge densities between these 

electronic states is inferred, highlighting the dynamic nature of molecular charge interactions during 

the transition to the excited state. Notably, Table 3 reveals a consistent pattern in excited state dipole 

moments across various methods, except for the Kawski-Chamma-Viallet approach, which exhibits 

divergence. 
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The observed redistribution of charge densities between electronic states highlights the dynamic 

nature of molecular charge interactions during the transition to the excited state. This observation 

underscores a commendable level of agreement among the employed methods, underscoring the 

necessity for further scrutiny and potential refinement of the Kawski-Chamma-Viallet methodology 

for accurate determination of excited state dipole moments. The current formulation of the Kawski-

Chamma-Viallet equation lacks explicit consideration for solute-solvent interactions, omitting factors 

like hydrogen bonding effects, complex formation, and molecular aspects of solvation [56]. This 

omission highlights a limitation in providing a comprehensive depiction of nuanced intermolecular 

dynamics and molecular-level intricacies governing solute behavior within a solvent environment. 

The Figure S5 illustrates the correlation between the Stokes shift and the Molecular-Microscopic 

Solvent Polarity Parameter ET
N across diverse solvents for 3NPEO. This representation is achieved by 

plotting (̅𝑎 − ̅𝑓) vs ET
N offering a visual insight into the variation of the Stokes shift concerning the 

molecular-microscopic solvent polarity parameter in the context of different solvents. The slope m4, 

derived from these plots, played a pivotal role in the evaluation of the singlet excited state dipole 

moment (μe) for the subject molecule. This rigorous analytical approach provides a robust framework 

for discerning the intricate solvatochromic characteristics of 3NPEO and elucidates the nuanced 

interplay between its electronic structure and solvent polarity [45–49]. The observed linear 

relationship between the Stoke’s shift and the Molecular-Microscopic Solvent Polarity Parameter 

implies a pervasive solute-solvent interaction, where the Stoke’s shift correlates with the dielectric 

constant and refractive index of the solvents. The computation of the excited state dipole moment 

(μej), utilizing the microscopic solvent polarity parameter and detailed in Table 3, reveals a value 

slightly surpassing Bakshiev’s equation and slightly below the Kawaski-Chamma-Viallet equation. 

This disparity may be attributed to the latter methods’ oversight of specific solute-solvent 

interactions, including hydrogen bonding effects and complex formation, as well as the neglect of 

molecular aspects of solvation. Moreover, the escalation in solvent polarity aligns with a red shift and 

is observed in both absorption and emission bands, indicative of intermolecular charge transfer (ICT) 

absorption [57–60]. This phenomenon denotes the absorption of the less dipolar ground-state 

molecule, characterized by a prevailing mesomeric structure, leading to a highly dipolar excited state 

with a distinct structural manifestation of the Chalcone derivative. A meticulous examination of 

molecular dynamics unveils a captivating transformation as the molecule transitions from its ground 

state to the realm of excitement. This metamorphosis, marked by intensified polarity, can be 

eloquently attributed to the intricate ballet of intermolecular charge transfer phenomena. The 

heightened polarity observed in the excited state, juxtaposed with the more subdued ground state, 

stands as a testament to the molecular intricacies at play. The delicate choreography of electrons 

engaged in intermolecular charge transfers orchestrates a symphony of polarity, where each 

transition becomes a mesmerizing dance of energy exchange. 

Table 3. A Comparative Analysis of Ground and Excited State Dipole Moments of 3NPP. 

Radius 

‘r’ (Ao) 


𝒈

𝒂 

D 


𝒆

𝒃 

D 


𝒈

𝒄 

D 


𝒆

𝒅 

D 


𝒈

𝒆 

D 


𝒆

𝒇 

D 


𝒆

𝒈 

D 


𝒆

𝒉 

D 


𝒆

𝒊 

D 


𝒆

𝒋 

D 

 𝒌 

D 
 𝒍 

D 
(


𝒆
𝒅


𝒆

𝒃
)

𝒎

 
 𝒏 

3.89 3.51 5.72 10.74 12.88 1.19 2.47 14.41 12.91 18.07 13.08 2.14 1.29 1.20 00 

Debye (𝐷) = 3.33564X10-30 cm = 10-18 esu cm, aThe ground state dipole moment calculated using Gaussian 

software; bThe excited state dipole moment calculated using Gaussian software; cThe ground state dipole 

moment calculated from Bilot-Kawaski Eqn. (4); dThe excited state dipole moment calculated using Bilot-

Kawaski Eqn. (5); eThe ground state dipole moment calculated using Eqn.16; fThe excited state dipole moment 

calculated using Eqn.17; gThe experimental excited state dipole moment calculated from Lippert’s equation; hThe 

experimental excited state dipole moment calculated from Bakshiev equation; iThe experimental excited state 

dipole moments calculated from Kawaski-Chamma-Viallet equation; jThe excited state dipole moments 

calculated from N
T

E  equation; kThe change in dipole moments for μe and μg,; lThe change in dipole moment 

calculated using Eqn.20; mThe ratio of change in dipole moment; nThe angle between ground state dipole 

moment and excited state dipole moment. 
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The quantitative analysis, exemplified in Table 3, reveals the profound influence of the 

molecular dynamics on the dipole moment. Equation (20) is judiciously applied, incorporating 

experimentally determined values of μg and μe, resulting in the calculated change in dipole moment 

(Δμ = μe-μg) as a numerical representation of this dynamic interplay. Notably, the comparison of 

calculated changes in dipole moment using two distinct methodologies demonstrates a harmonious 

accord, emphasizing the robustness of the analytical approaches and instilling confidence in the 

symphony of scientific inquiry. The convergence of results speaks to the precision embedded in our 

understanding of these molecular nuances, further enhancing the scientific allure of this captivating 

narrative. 

3.2.3. Computational Analysis 

The Gaussian 16W program, renowned for its prowess in quantum chemical calculations, 

assumes the role of a virtuoso conductor in orchestrating this molecular symphony. The exploration 

of 3NPEO’s dipole moments, meticulously conducted through quantum chemical computations 

utilizing the (B3LYP/6-311G(d,p)) program, provides invaluable insights into the molecular 

electrostatics of this intriguing species. Figure 6 points out an optimized structure of 3NPEO. In its 

grounded state, the molecule exhibits a dipole moment (μg) of 3.51 Debye, indicative of inherent 

polarity. Upon transitioning to the excited state, the computed dipole moment (μe) awaits empirical 

revelation at 5.72 Debye, adding an air of anticipation to our molecular narrative. 

 

Figure 6. optimized geometrical structure of 3NPEO. 

The Figure 7a,b depicts the direction of dipole moments in both ground and excited states, 

offering a canvas for understanding the molecular architecture. Notably, the directional arrows in 

these figures eloquently convey the orientation of the dipole moments, akin to compass needles 

pointing to the magnetic north of molecular polarity. A scientific intrigue unfolds as it is revealed 

that the dipole moments in both ground and excited states align themselves in perfect parallelism, 

indicative of an angle of zero degrees between them. This rare alignment underscores a remarkable 

molecular symmetry, where the electrostatic nuances remain unwavering even in the face of 

excitation-induced dynamism. 
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Figure 7. (a) Optimized geometry in ground state (b) Optimized geometry in excited state of 3NPEO. The arrow 

mark represents the direction of the dipole moment. 

Furthermore, these theoretically determined dipole moments, serving as computational 

beacons, find purpose in the assessment of the singlet state. The convergence of theoretical 

predictions and experimental observations enhances our confidence in unravelling the molecular 

secrets of 3NPEO, painting a more detailed and nuanced portrait of its electrostatic personality. 

These values were then juxtaposed with experimentally derived dipole moments using 

solvatochromic shift methods. This comparative analysis serves to elucidate the concordance or 

dissonance between the experimentally measured dipole moments and theoretically predicted, 

contributing to a comprehensive understanding of the molecular system’s electronic behavior [47]. 

3.3. Fluorescence Quantum Yield (Photonic Efficiency) 

Embarking on the complex journey to unknot the relative photonic efficiency of 3NPEO, our 

scientific inquiry employed the single-point method—a directional compass guiding us through a 

diverse solvent. The exploration work included the hydrocarbon solvents namely hexane and 

cyclohexane, the ethereal embrace of butanol, methanol, isopropanol, and ethanol and DMSO. In this 

methodical journey, the possibility of self-quenching, once impending on the horizon, was 

authoritatively overcame. The low concentrations of 3NPEO nullified any propensity for self-

interference, enabling our scientific gaze to penetrate through the molecular intricacies without the 

veils of confounding self-quenching considerations. 

Tryptophan, a steadfast standard bearer, stood sentinel as the reference [47], dissolving 

gracefully in the primeval waters of double-distilled purity. In a tuneful composition of scientific 

precision, all solutions, including the venerable reference, were summoned to dance under the 

enchanting radiance of a 280 nm excitation. The optical density, analogous to a expressive upsurge, 

stretched its dynamic range from the subtle whispers of 0.118 in cyclohexane expanse to the bold 

declarations resonating at 0.558 in the organic embrace of DMSO. This range of optical signatures 

highlighted a vivid spectrum of responses, a witness to the spectrum of solvation encountered by 

3NPEO in its photonic break. In this work of solvents and spectra, the determination of relative 

photonic efficiency emerges not just as a scientific pursuit but as an artful exploration, where each 

solvent, each solution, and each optical density contribute to the harmonious expression of 

understanding, reverberating with the core of molecular details. 

The extravagant account of molecular radiance discloses through the elucidation of absorption 

and emission spectra, illustrated in Figure S6a,b, where Tryptophan reveals its secrets in water, while 

3NPEO graces in isopropanol with its luminous signature as illustrated in Figure 8a,b. The 

meticulous examination extends to the fluorescence integrated intensity (Fint) of 3NPEO, involving 

a quantitative exploration across a spectrum of solvents. Remarkably, the discerning eye of scientific 

inquiry reveals an elevated Fint resonance in the presence of isopropanol, reaching the zenith of 

luminosity for 3NPEO. Our attention then shifts to the quantitative metrics presented in Table 4, a 

display of molecular signifiers that unravel the essence of 3NPEO in various solvents. The relative 

photonic efficiency or the quantum yield (Φ), a beacon of radiative efficiency, resonates with 

prominence. Intriguingly, 3NPEO manifests a notably elevated photon efficiency in the enigmatic 

realm of cyclohexane, defying conventional expectations arising from optical density comparisons 

with butanol, ethanol and DMSO. 
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Figure 8. (a) Absorption and (b) emission spectra of 3NPP in isopropanol with fluorescence. 

The molecular orchestra continues its performance with the unveiling of the radiative decay 

constant (kr) and non-radiative decay constant (knr), intricate parameters that delineate the pathways 

of energy dissipation. A nuanced dance of radiative and non-radiative processes orchestrates the 

molecular fate of 3NPEO, each solvent adding its unique note to this spectral composition. As we 

delve deeper, the lifetime (τ0) of 3NPEO is given in Figure S7 and emerges as a progressive maestro, 

conducting the symphony of luminescence. The solvents, diverse in their molecular embraces, 

influence the temporal rhythm, shaping the lifetime of 3NPEO with a nuanced hand. In this scientific 

tableau, the quantum yield, lifetime, radiative and non-radiative decay constants, of 3NPEO in 

various solvents become not mere numerical values but convincing expressions in the language of 

molecular photophysics, enriching our understanding of its luminous journey through spectrum of 

solvations. 

In the elaborative configuration of molecular decay, the rate of radiative dissolution (kr) 

gracefully surpasses its non-radiative counterpart (knr) across most of the solvents, delineating 

3NPEO’s inclination toward a predominantly radiative fate in the delighted dominion of the excited 

state. This elegant exposure reveals a molecular identity characterized by diminished intersystem 

crossing, affirming the molecule’s proclivity for luminous transitions. The decay narrative of 3NPEO, 

as artistically depicted in the Figure S3, provides a captivating glimpse into the temporal distinctions 

of its existence in the ethereal embrace of isopropanol. A scientific exposure unfolds, where the 

radiative grace of 3NPEO manifests itself, casting a luminous trail that surpasses the non-radiative 

possibilities—a testament to the molecule’s preference for the radiative pathways in its journey 

through the excited state. 

Table 4. Physicochemical parameters and Photophysical characteristics of 3NPP in various solvents. 

Sl. No. Solvents     N OD Fint Φ 
0  

(ns) 

Kr 109 

(S-1) 

Knr 109 

(S-1) 

1 Hexane 1.375 0.240 156847.12 0.578 1.320 0.438 0.320 

2 Heptane 1.388 0.342 46816.213 0.123 1.630 0.076 0.538 

3 Cyclohexane 1.426 0.118 113862.115 0.917 1.284 0.714 0.064 

4 Pentanol 1.409 0.122 23826.105 0.181 1.575 0.115 0.520 

5 Butanol 1.399 0.122 49067.2595 0.368 1.458 0.252 0.433 

6 Iso-Propanol 1.378 0.119 84261.500 0.629 1.729 0.364 0.215 

7 Ethanol 1.361 0.239 109265.055 0.396 1.591 0.249 0.380 

8 Methanol 1.328 0.118 109265.055 0.763 2.045 0.373 0.116 

9 Acetonitrile 1.344 0.140 47916.138 0.289 1.840 0.157 0.386 
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10 DMSO 1.479 0.558 304283.865 0.558 1.964 0.284 0.225 

(OD)s=0.160, (Fint)s=20435.159. 

Upon careful scrutiny of Table 4, a notable trend emerges, the peak of the quantum yield 

hierarchy for 3NPEO in the realm of cyclohexane. This intriguing revelation defies conventional 

expectations, as cyclohexane, despite its relatively lower optical density compared to butanol, ethanol 

and DMSO, becomes the environment where 3NPEO achieves its zenith of quantum efficiency. The 

rate of radiative decay (kr) consistently outpaces non-radiative decay (knr) for cyclohexane, methanol 

and isopropanol solvents which supports the notion that 3NPEO predominantly exhibits radiative 

behavior within the excited state. The persistent dominance of kr over knr serves as a compelling 

signature, affirming the molecule’s inclination towards radiative pathways and concurrently 

indicating a mitigated propensity for intersystem crossing. Further, it can be noted that, the quantum 

efficiency and radiative behavior are considerably too low in ethanol but it exhibits higher rate of 

non-radiative behaviour. In this scientific panorama, the comparison of quantum yield dynamics and 

decay kinetics exposes a nuanced representation of 3NPEO’s behavior, enriching our understanding 

of its photophysical behaviors in diverse solvent environments. 

3.4. Nonlinear Optical Studies 

3.4.1. Third Order Nonlinear Optical Properties 

The test molecule is liquified in DMF solvent (0.01 M) was elucidated coupled with the Z-axis. 

The imparted laser beam was acquired by photodetector with aperture (closed aperture) and without 

aperture (open aperture) to quantify the nonlinear refraction (NLR) and nonlinear absorption (NLA) 

of the material, respectively [61–63]. Figure 9a,b exhibit the normalized curves of 3NPEO for closed 

and open aperture. The transmissions are symmetric with respect to the focus (Z=0). Nonlinear 

absorption coefficient can be estimated from the open aperture Z-scan data by fitting the curves using 

the following rule, 

(𝑧) = 1 −
𝛽𝐼°𝐿𝑒𝑓𝑓

2√2 (1 +
𝑍2

𝑍°
2)

  
(1) 

where T(z) is the normalized transmittance, Io is the intensity at the focus, Leff is the effective length 

of the sample which is given by the equation 

Leff = (1- exp -αL)/α  (2) 

 

Figure 9. (a) Open aperture and (b) closed aperture Z-scan curve of 3NPEO. 
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Here ‘α’ is the linear absorption coefficient and L is the sample thickness. The Figure 9b shows 

the normalized transmittance for closed aperture. The valley -peak configuration indicate a positive 

nonlinear refractive index n2 (self-focusing effect), i.e., a decrease in the transmitted intensity due to 

refraction as the sample approaches the focal point (Z=0) followed by an increase in intensity as it 

moves away from the focal point and towards the detector. The magnitude of nonlinear phase 

transition is computed by tailoring the closed aperture probed curve through theoretically adapted 

equation, 

𝑇(𝑍) = 1 −
(4𝑋∅0)

(𝑋2 + 1)(𝑋2 + 9)
 ( (3) 

where X= Z/ZO, Z and ZO are the magnitudes of the analyte from the focus and Rayleigh length, 

respectively. The nonlinear refractive index [64] can be quantified by exchanging this procured value 

of ∅0 in the equation, 

𝑛2 =
∅0

𝑘𝐼0𝐿𝑒𝑓𝑓
  

where k=2π/λ is the wave vector, I0 is the beam intensity at focus, and Leff = [1−exp(−αL)]/α is the 

effective thickness, with α being the linear absorption coefficient and L is the sample thickness. By 

tailoring the experimental open aperture curve, the nonlinear absorption coefficient β is enumerated 

by employing the formula β = (2√2𝑇) 𝐼𝑜𝐿𝑒𝑓𝑓⁄ , where𝑇  is peak value of open aperture. The 

estimated measures of β and n2 are tabulated in Table 5. 

The computed magnitudes of n2 and β are replaced in the correlated equations to elucidate the 

explicit, quixotic and ultimate magnitudes of the third-order nonlinear optical susceptibility (χ3) and 

additionally the second order hyperpolarizability (γh) [65] from the subsequent relationships, 

χ𝑅
3 (𝑒𝑠𝑢) =

𝑐𝑛𝑜
2

120𝜋2
𝑛2 (4) 

χ𝐼
3(𝑒𝑠𝑢) =

𝑐2𝑛𝑜
2

240𝜋2𝜔
𝛽  (5) 

|χ(3)| = √|χ𝑅
(3)

|
2

+ |χ𝐼
(3)

|
2
 (6) 

𝛾ℎ =
χ(3)

[(1
3⁄ )(𝑛𝑜

2 + 2)]
4

𝑁
 (7) 

N represents the density of molecules in cm−3. Two-photon absorption cross section, 𝜎2𝑃𝐴 =

ℎ𝑣𝛽 𝑁𝐶𝑋10−3⁄  (cm4 s photon-1molecule-1), describe the efficiency of a particular molecule in the 

ground state to reach the excited state via a two-photon absorption process. It can be expressed in the 

SI unit (GM) and defined as 1GM = 10-50 cm4 s photon-1 molecule-1. The calculated nonlinear 

susceptibility, hyperpolarizability and two photon absorptions are present in the Table 5. 

Table 5. The third order nonlinear optical parameters of 3NPEO molecule. 

Molecule 
α0 

(cm-1) 

β 

(cmW-1) 

x10-5 

n2 

(cm2W-1) 

x 10-9 

Re χ(3) 

(e.s.u) 

x 10-6 

Im χ(3) 

(e.s.u) 

x 10-6 

χ(3) 

(e.s.u) 

x 10-6 

γh 

(e.s.u) 

x 10-26 

OL 

kJ/cm2 

W 

x 103 

T 

 

3NPEO 4.52 1.82 -0.62 0.84 0.44 0.94 0.39 4.06 49.4 0.15 

3.4.2. Optical Limiting 

The input fluence at which transmittance diminishes to half of the linear transmittance 

designates the boundary value for optical limiting which follows lower limiting threshold value 

analogous to better the optical limiting performance. Employing Gaussian beam from open aperture 

Z-scan data, input fluence at each z-positions is specified by, 
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𝐹(𝑧) = 4 √𝑙𝑛2𝐸𝑖𝑛 𝑛
3

2⁄ 𝜔(𝑧)2⁄  (8) 

where Ein is input laser pulse energy and ω(z) is the beam radius, which is expressed as 𝑤(𝑧) =

𝜔(𝑜) [1 + (𝑧
𝑧𝑜⁄ )

2
]

1 2⁄

, where w(0) is the beam radius at the focus and 𝑧𝑜 = 𝜋𝜔(0)2 λ⁄  is the Rayleigh 

range. 

The optical liming response of the title chalcone is due the decreasing transmittance with 

increasing input fluence. The limiting threshold was observed 4.06 KJ/cm2 which is the shown in the 

Table 5. The molecule demonstrated optimal NLO coefficient, reduced optical limiting (OL) critical 

value is illustrated in Figure 10 and a optimal photon (W) and two photon (T) benchmarks the 

convinced condition for optical switching exploitations as shown in Table 5 (W˃1 and T˂1), 

consequently validating their appliance in visible wavelength of the laser in photonic device 

applications. 

 

Figure 10. Optical limiting curve of 3NPEO. 

3.4.3. HOMO-LUMO Analysis 

To understand the chemical reactivity and kinetic stability of the molecule, the Frontier 

molecular orbitals (FMOs) are nothing but highest occupied molecular orbitals (HOMO) and lowest 

unoccupied molecular orbitals (LUMO) are important descriptors. The calculated HOMO-LUMO 

plots of 3NPEO crystals are shown in the Figure 11. And corresponding energy are shown in the 

Table S2. Since, π-electrons are being straightforwardly polarized, π-electron orbitals and the frontier 

molecular orbitals are predominantly accountable for the nonlinear optical characters of the probed 

compound. The first-order hyperpolarizability and FMOs can be found by analyzing of their surfaces 

and their interdependence linkage. 

 

Figure 11. HOMO-LUMO and the band gap of 3NPEO. 
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From the Figure 11, it can be observed that, in LUMO and LUMO+1, the charge density is 

distributed overall the surface of the title molecule. Where as in case of HOMO and HOMO-1 the 

charge density is spread aromatic π-conjugated bridge in the title molecule. The intra-molecular 

charge transfer evidences the transition is in accordance with the experimental observations. Hence, 

the UV-vis absorption spectrum of the sample clearly exhibits the charge transfer interaction in the 

molecule. 

The complexed molecule is distinguished by a minute quantity of separation of HOMO-LUMO 

which is the outcome of noteworthy grade of intra-molecular charge transfer from the electron donor 

clusters to the resourceful electron acceptor assemblies by way of π-conjugated path and elevated 

value of second hyperpolarizability (λh). The HOMO-LUMO energy gap of the present compound 

(3.737 eV) found to be infinitesimal, indicates the higher charge transfer occur in it which has the 

highest value of λh (1.23 x 10-26 e.s.u). 

3.4.4. The Global Chemical Reactivity Descriptors (GCRD) 

One of the main purposes of computational chemistry is evaluation of the impulsiveness of 

chemical groups and density functional theory has been efficacious in affording theoretical context 

of validated and subjective chemical hypothesis. In this framework, several reactivity descriptors are 

nothing but GCRD have been forecasted and employed to analyze chemical receptiveness and site 

selectivity. Global hardness (η), global softness (S), electro negativity (χ), chemical potential (µ) and 

electrophilicity index (ω) are extensively employed to comprehend the universal nature of molecule 

in terms of their stability and reactivity. Employing Koopman’s theorem [67] for confined shell 

molecules, electronegativity, chemical potential and global hardness can be computed as,  η =

 (𝐸𝐿𝑈𝑀𝑂 − 𝐸𝐻𝑂𝑀𝑂) 2⁄ , 𝜇 =  (𝐸𝐻𝑂𝑀𝑂 + 𝐸𝐿𝑈𝑀𝑂) 2⁄ , Ѕ =  1 2𝜂⁄ , 𝜒 = (𝐼 + 𝐴) 2⁄ , and 𝜔 = µ2 2𝜂⁄  by taking 

-EHOMO as ionization energy (I) and -ELUMO as electron affinity (A) with the help of CAM-B3LYP/6-311 

G*(d, p) level theory. The calculated GCRD parameters are given in Table S2 

A strong chemical reactivity and a weak kinetic stability of the molecule are signified by 

considerably minute energy gap of the HOMO-LUMO. The present molecule has high IP (HOMO) 

value (6.225 eV) and the molecule is highly reactive. IP is a measure of the nucleophilicity of a 

molecule and is important in modeling molecular properties and reactivity in particular for radical 

reactions and EA (LUMO) is the measure of the capability of a molecule to give the corresponding 

negative ion. Typically, EA and IP are employed as electronic descriptors and have the benefit of easy 

accessibility from experiment as well as theory. 

The tendency of interaction of electron cloud on the way to functional assemblage is elucidated 

by the electronegativity. The stability of the substance and instinctive recalcitrant natures are 

manifested by the negative value of the chemical potential. It is difficult to synthesize and conserve 

the substances of positive chemical potential and are found to possess electronegativity values 

around 4.83 eV. An enhanced degree of chemical potential and a diminished degree of chemical 

hardness are distinguished by a good electrophilicity and it evaluates the resistance to change in the 

electron distribution in a collection of nuclei and electrons. The hardness or softness of a molecule is 

categorized on the nature of the energy gap. A pronounced energy gap suggests hard molecule 

whereas a narrow energy gap designates soft molecule and exhibit greater polarizability relative to 

hard molecules because of least energy to transition to an excited state. The global hardness and 

softness values of the title molecule are presented in the Table S3 which shows that the molecule was 

comparatively soft which undertake alterations or chemical reactions easily. The notion of 

electrophilic indication deemed as a reactivity index [52], which quantifies equilibrium in energy as 

the system attains an added electronic charge from the environs. It signifies the stabilization energy 

of the system upon saturation by electrons originating from the surrounding environment. The 

electrophilicity encompasses knowledge about structural, reactivity and selectivity patterns of many 

electron systems in both ground and excited electronic states we found the electrophilic index values 

5.794 eV. 
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3.4.5. Molecular Electrostatic Potential (MEP) 

Innovations of computational technology explores molecular interactions namely molecular 

electrostatic potential (MEP) which has turned out to be a reliable instrument. Currently MEP is being 

applied to chemical and biological systems which largely concentrates on electrophilic and 

nucleophilic attacks to emphasize zeolites, molecular cluster, crystal behaviour, the correlation and 

prediction of a broad spectrum of macroscopic properties [67,68]. An accumulative eminence of 

density functional theory has raised the molecular electrostatic potential to a new stature on a more 

fundamental conceptual level. Further, the electron density is an interesting topological characteristic 

and obviously replicates contradictory contributions from the nuclei and the electrons. 

MEP demonstrates molecular size, shape as well as positive, negative and neutral electrostatic 

potential regions by means of colour grading, a significant negative zone is the predominant binding 

site for electrophilic attack is specified by red while a large positive region is the optimal region for 

nucleophilic attack designated by blue colour. The negative potential regions are interrelated with 

the electronegative atoms around oxygen atom representing the possible sites for electrophilic attack, 

and the value of the electronegativity found that -0.0354 a.u. for title molecule. The molecular 

electrostatic potential surface of the molecule generated by their optimized geometries was shown in 

Figure 12. The MEP plot authorizes the supreme positive region localized on Hydrogen atoms of the 

molecule with the values of positive potentials of the order of 0.0224 a.u, demonstrating the probable 

sites for nucleophilic attack. The utmost negative province is about Oxygen atom would predict an 

electrophile preferentially attack the title molecule. These locations spring evidence the region from 

where the compound can endure non-covalent interactions. 

 

Figure 12. The molecular electrostatic potential map of 3NPEO. 

3.5. Electrochemical Property 

Cyclic voltammograms in acetonitrile, as illustrated in Figure 13a, revealed a reversible redox 

process, indicating a favorable hole/electron transport potential. HOMO and LUMO energies of the 

compound 3NPEO was computed via oxidation and reduction potential standards [49,50]. The 

determined HOMO and LUMO energy levels were found to be −4.849 eV and −1.498 eV respectively. 

Figure 13b utilized Density Functional Theory (DFT) to portray the Highest Occupied Molecular 

Orbital (HOMO) -6.855 eV to Lowest Unoccupied Molecular Orbital (LUMO) -2.817 eV leading an 

energy gap 3.737 eV of the 3NPEO compound. This information offers crucial insights into the 

electronic structure of the compound, emphasizing its prospective 
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Figure 13. (a) Cyclic voltammograms of 3NPEO in acetonitrile (b) HOMO-LUMO Energy gap diagram of 

3NPEO. 

applications in electronic and optoelectronic domains. The existence of coumarin, acting as an 

electron-donating fraction, influenced the HOMO and LUMO energy levels. A succinct summary of 

the pertinent electrochemical statistics is presented in Table 6. 

Table 6. HOMO, LUMO, and Band Gap of 3NPP estimated Theoretically and CV Investigation. 

Compound 
HOMO (eV) LUMO (eV) E0−0 λonset 

Theor. Expl. Theor. Expl. Theor. Expl. Ao 

3NPEO -6.855 -4.849 -2.817 -1.498 4.020 3.351 370 

3.6. Structure Preprocessing, Validation and Molecular Docking 

The test molecule 3NPEO has docked and is represented in Figure 14. The PDB structure of 

4OAR was downloaded, pre-processed, and validated. The missing residues, ALA-900, LEU-901, 

SER-902, VAL-903, GLU-904, PHE-905, PRO-906, GLU-907, MET-908, LYS-932, and LYS-933 were 

homology modelled back to generate complete protein model. The generated model had an ERRAT 

Overall Quality Factor of 95.7447. Ramachandran plot statistics indicate 90.7% residues in the most 

favoured region, 8.8% in the additionally allowed region, 0.4% in the generously allowed region, and 

none in the disallowed region. DSSP analysis indicates that themodel has 61.6% α-helices, 3.6% 3-

helices (310 helix), 4.4% extended strand residues that participate in β ladder, 10.8% hydrogen 

bonded turns, 6.4% bends, and 13.2% coils. This comprehensive analysis showcases the protein 

model’s diverse structural components and overall stability and integrity. The validated model was 

further set as the receptor for molecular docking with the optimized ligand using Vina. 

 

Figure 14. The best docked pose generated through molecular docking of 3NPEO. 
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Upon generating the docking poses, we filtered the poses based on the affinity values. The best-

generated docking pose had a binding affinity of -8.5 kcal/mol. The molecular docking scrutiny of the 

protein (PDB ID: 4OAR) provides significant perceptions into probable communications with 

synthesized compound. The docking score was 8.5 Kcal/mol, representing considerable binding 

affinities among the protein and the synthesized compound. The interacting protein sites were also 

found to be different and included LEU 763, PHE 778, LEU 718, PHE 794 and LEU 715. 

Nanjundaswamy et al. (2022) reported two thiophene-based chalcone derivatives for their activity 

against bacterial with docking scores of -6.0 Kcal/Mol and -7.1 Kcal/Mol [69]. Thillainayagam et al. 

(2017) reported that, the docking of different chalcone derivatives was also done for antimalarial 

activity that, the docking scores ranged from -12.95 to -1.33 Kcal/Mol [70]. Our study has a binding 

score of -8.5 Kcal/Mol, indicating strong affinity binding according to the docking scores. 

3.7. Simulation trajectory analysis 

This study used molecular dynamics simulations for 4OAR-APO and 4OAR-CMP6 to demystify 

the ligand’s efficiency. The simulation was carried out for 500ns with the generated model and the 

docked complex as input. The Figure 15 implies the trajectory for calculating the backbone atom Root 

Mean Square Deviation (RMSD) to monitor structural stability during simulation yielded an average 

value of 0.4021 nm for 4OAR-APO, and 0.5030 nm for 4OAR-CMP6. However, as evident from the 

RMSD graph in Figure S7a, a stable trend in for the RMSD values is observed for both the systems 

beyond the 300ns mark. This hints at convergence and the suitability of this stable trajectory window 

for further analyses. The hydrogen bonds between 4OAR and the ligand were calculated as depicted 

in Figure Sb. Evidently, up to 2 hydrogens bonds exist in 4OAR-CMP6. We then calculated the Root 

Mean Square Fluctuation (RMSF) of the protein residues to observe the deviation in fluctuations 

around the averaged position of the amino acids. As seen in Figure S8, significantly high fluctuations 

can be observed for 4OAR-APO relative to 4OAR-CMP6. The fluctuations in the regions marked as 

A, B, and D can be accounted for by the loops that exist in the region, as evident in the Secondary 

Structure Evolution plot in Figure S8. Fluctuations in the region marked as E peaks at 0.6149 nm for 

4OAR-APO. In comparison, it is 0.1573 nm for 4OAR-CMP6. This significant difference in fluctuation 

is due to the ligand’s interaction with the helix-loop-helix region that denies its outward movement, 

as observed in 4OAR-APO of Figure 16. So, this hints that the ligand has significant stabilizing effects 

on the protein’s fluctuations. 

 

Figure 15. The Root Mean Square Deviation trend plot for 4OAR-APO and 4OAR-CMP6 is indicated in the main 

plot of A. The subplot represents the violin plot or the data. B indicates the hydrogen bond plot between the 

protein and the ligand. 

It can be widely recognized that the flexibility and density of a protein are closely entangled, 

and compactness of the protein significantly impacting its solvent accessible surface area. To 

investigate the impact of inhibitors on protein compactness, we determined the radius of gyration 

(Rg) of the protein. Additionally, to examine the effect of inhibitors on the accessible surface area of 
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the protein for the solvent, we calculated the solvent accessible surface area (SASA). The kernel 

density estimation plots (KDE) of SASA and Rg for all systems are illustrated in Figure 17. This 

analysis clearly points out the effects of inhibitors on the conformational states of 4OAR, as seen from 

the KDE plot in Figure 17, 4OAR-CMP6 has a much more compact and less bulky conformation with 

average SASA and Rg values of 129.5627 nm and 1.8307 nm, respectively. Conversely, average SASA 

and Rg values for 4OAR-APO were 136.0825 nm and 1.8765 nm, respectively. This might be due to 

the capability of the ligand to induce conformational changes within the protein that subsequently 

changed the compactness and the surface area. 

 

Figure 16. The fluctuation observed in the helix loop helix region or the region termed E (residues ranging 895 

to 920) for the systems. 4OAR-APO is displayed on the left and 4OAR-CMP6 on the left while the residue region 

is highlighted in red. Outward movement of the residue region is observed for 4OAR-APO and inward for 

4OAR-CMP6. 

It can be widely recognized that the flexibility and density of a protein are closely entangled, 

and compactness of the protein significantly impacting its solvent accessible surface area. To 

investigate the impact of inhibitors on protein compactness, we determined the radius of gyration 

(Rg) of the protein. Additionally, to examine the effect of inhibitors on the accessible surface area of 

the protein for the solvent, we calculated the solvent accessible surface area (SASA). The kernel 

density estimation plots (KDE) of SASA and Rg for all systems are illustrated in Figure 17. This 

analysis clearly points out the effects of inhibitors on the conformational states of 4OAR, as seen from 

the KDE plot in Figure 17, 4OAR-CMP6 has a much more compact and less bulky conformation with 

average SASA and Rg values of 129.5627 nm and 1.8307 nm, respectively. Conversely, average SASA 

and Rg values for 4OAR-APO were 136.0825 nm and 1.8765 nm, respectively. This might be due to 

the capability of the ligand to induce conformational changes within the protein that subsequently 

changed the compactness and the surface area. 

 

Figure 17. The KDE plot for the Rg and SASA values of the systems’ dynamics. 

3.8. Conformational Minima and Total System Energy 

We explored the interaction between two key metrics, the radius of gyration (Rg) and the root 

mean square deviation (RMSD), to gain important insights into the structural dynamics and stability 

of our systems. The Rg tells us how compact a given structure is and conveys where the mass of the 

structure is distributed around what would be its centre of mass. The Rg is thus a useful tool for 

characterizing the size of a molecule. And although it is a scalar quantity, it can be thought of as 
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occupying an axis of the multidimensional space we call the “free-energy landscape.” Conversely, 

the RMSD is a tool we use to measure the difference between two structures. And because it can 

account for every individual atom in a molecule, it offers a very high-dimensional kind of axis in the 

FES, through which we can see all the back-and-forth motions that a flexible molecule might make. 

This analysis aids in identifying the stable and metastable states of the molecule and can help 

elucidate the underlying mechanisms governing its conformational transitions and dynamic 

behavior. Also, investigating the relationship between Rg and RMSD within the FEL offers critical 

insights into the conformational space accessible to the molecule and the energy barriers associated 

with transitions between different structural states. Conformational minima with -13.384 kJ/mol Free 

Energy, 0.5762 nm RMSD, and 1.825 nm Rg was observed for 4OAR-CMP6 while a minimum with -

12.612 kJ/mol Free Energy, 0.416 nm RMSD, and 1.872 nm Rg for 4OAR-APO was observed. The 

energy dynamics for 4OAR-CMP6, as observed in Figure 18, and shows that the conformation 

underwent energy barrier jumps with two metastable states. Hence, the 4OAR-CMP6 system has a 

higher RMSD and has achieved a lower minimum with compact conformations. The overall energy 

of the systems was also calculated with GROMACS energy which is the sum of all of the energy 

components in the system, including potential energy, kinetic energy, bond energy, angle energy, 

dihedral energy, non-bonded energy, and distance restraint energy. As seen in Figure 19, an overall 

energy of -7.69280x10-5 kJ/mol for 4OAR-APO and a lower energy value of -10.53075x10-5 kJ/mol for 

4OAR-CMP6 was observed. This evidence suggests that the ligand has a significant role in stabilizing 

the protein’s dynamics and energetics. 

 

Figure 18. The Free Energy Landscape (FEL) plot for Radius of Gyration and Root Mean Square Deviation data. 

The 3D plot is color coded on a yellow to blue color scale with the lowest energy coded with dark blue while the 

highest energy with yellow. 

3.9. Conformational Minima and Total System Energy 

We explored the interaction between two key metrics, the radius of gyration (Rg) and the root 

mean square deviation (RMSD), to gain important insights into the structural dynamics and stability 

of our systems. The Rg tells us how compact a given structure is and conveys where the mass of the 

structure is distributed around what would be its centre of mass. The Rg is thus a useful tool for 

characterizing the size of a molecule. And although it is a scalar quantity, it can be thought of as 

occupying an axis of the multidimensional space we call the “free-energy landscape.” Conversely, 

the RMSD is a tool we use to measure the difference between two structures. And because it can 

account for every individual atom in a molecule, it offers a very high-dimensional kind of axis in the 

FES, through which we can see all the back-and-forth motions that a flexible molecule might make. 

This analysis aids in identifying the stable and metastable states of the molecule and can help 

elucidate the underlying mechanisms governing its conformational transitions and dynamic 

behavior. Also, investigating the relationship between Rg and RMSD within the FEL offers critical 

insights into the conformational space accessible to the molecule and the energy barriers associated 
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with transitions between different structural states. Conformational minima with -13.384 kJ/mol Free 

Energy, 0.5762 nm RMSD, and 1.825 nm Rg was observed for 4OAR-CMP6 while a minimum with -

12.612 kJ/mol Free Energy, 0.416 nm RMSD, and 1.872 nm Rg for 4OAR-APO was observed. The 

energy dynamics for 4OAR-CMP6, as observed in Figure 18, and shows that the conformation 

underwent energy barrier jumps with two metastable states. Hence, the 4OAR-CMP6 system has a 

higher RMSD and has achieved a lower minimum with compact conformations. The overall energy 

of the systems was also calculated with GROMACS energy which is the sum of all of the energy 

components in the system, including potential energy, kinetic energy, bond energy, angle energy, 

dihedral energy, non-bonded energy, and distance restraint energy. As seen in Figure 19, an overall 

energy of -7.69280x10-5 kJ/mol for 4OAR-APO and a lower energy value of -10.53075x10-5 kJ/mol for 

4OAR-CMP6 was observed. This evidence suggests that the ligand has a significant role in stabilizing 

the protein’s dynamics and energetics. 

 

Figure 19. The total energy calculated for the two systems. A stable trend is observed for both the systems 

indicating that the systems are stable throughout the trajectory. 

3.9. Binding Free Energy and Decomposition 

To delve into the essence of how proteins and ligands interact, we explored the relative affinity 

of the ligand for the protein’s binding site, probing the part each ligand and residue plays in the 

interaction. We employed binding-free energy calculations to do so, specifically the molecular 

mechanics/Poisson–Boltzmann surface area (MM/PBSA) method, and we applied the g_mmpbsa tool 

in the GROMACS software suite to accomplish this. The trajectories from our molecular dynamics 

simulations gave us the foundation for our binding-free energy calculations, allowing us to map out 

the energy landscape of our protein-ligand systems. To ensure accurate calculations, representative 

frames were carefully selected and recorded, and the free energy analysis was conducted over the 

stable 200 ns time period, capturing the key interactions between the protein and the ligand. This 

approach enabled a comprehensive assessment of the energetic contributions from various 

components, shedding light on the intricacies of the binding process and providing valuable insights 

for potential therapeutic interventions or drug design strategies. Table 7 summarizes the energy 

terms and their individual contribution to the total binding energy between 4OAR and the ligand. A 

binding energy of -125.888 +/- 11.935 is estimated to exist for the 4OAR-CMP6 protein-ligand system. 

The residue-wise energy plot in Figure S10 indicates that the residues PHE-895, VAL-760, PHE-778, 

LEU-763, and TRP-755 contribute -6.2959, -4.887, -3.9421, -3.8266, and -3.7275 kJ/mol respectively. The 

high binding energy between the protein and the ligand suggests the efficiency of the ligand in 

binding with 4OAR and its potential to act as an effective inhibitor. The simulation pursues to 

elucidate the complex’s dynamic behaviour, stability, and structural dynamics, providing in-depth 

elucidates the structural dynamics and stability of protein complexes are critical factors in 

determining their functional properties and stability of protein complexes 4OAR-APO and 4OAR-

CMP6, accompanying their functional inferences in biological frameworks. The work explicates the 

response of these complexes during a 500 ns simulation span by numerous studies, as well as RMSD, 
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RMSF, Rg, SASA, MM-PBSA, and FELs. Negligible variations in RMSD signify elevated stability 

during the simulation, with minor increases noted for 4OAR-CMP6 while still within permissible 

thresholds. 

Table 7. The summary table for the individual energy term contribution toward the binding energy for 4OAR-

CMP6. 

Energy Term Energy in kJ/mol 

van der Waal energy -166.204 +/- 12.377  

Electrostatic energy -25.227 +/- 7.903 

Polar solvation energy 83.791 +/- 5.629 

SASA energy -18.248 +/- 0.662 

Binding energy  -125.888 +/- 11.935 

Rg investigation specifies organizational squeezing and steadiness with time. According to 

Neelamma et al. (2025), during over-all simulation duration of 300 ns, RMSD analysis was conducted, 

resulting in final RMSD values of 0.25 for 3EQM-TOP1, 0.3 for 3EQM-APO and about 0.4 for 3EQM-

ASD. The observed variations were minimal, suggesting that the 3EQM-ASD and 3EQM-TOP1 

classifications exhibited stability during the simulation period without considerable oscillations [44]. 

Thillainayagam et al. in 2018 conducted a simulation of the chalcone complex for 40,000 ps, observing 

RMSD values ranging from 0.1 nm to 0.25 nm, which they deemed indicative of stability [71]. 

3.10. Cytotoxicity Studies 

In our in-vitro study, we assessed the effect of synthesized compound 3-(naphthalen-3-yl)-1-

phenylprop-2-en-1-one [3NPEO] on the viability and proliferation of breast cancer cell lines. 

MDAMB-231 Cell line was treated with different concentrations of the synthesized compound for 48 

hours, and cell viability was measured using the MTT assay and is shown in Figure 20a–c. Results 

showed a dose-dependent decrease in cell viability. At higher concentrations of synthesized 

compound, the inhibition of cell proliferation was more pronounced, with an IC50 value of 50.27 

µg/ml for the MDAMB-231 Cell line [72]. 

Our research finding reveals the anticancer efficacy of an CMP6 in contrary to the MDMAB-231 

triple-negative breast cancer cell line via the MTT assay, with untreated and cisplatin-treated cells 

serving as controls. Cisplatin, a platinum-based chemotherapeutic agent, is frequently utilized in the 

treatment of many aggressive malignancies [73]. Our findings exhibited dose-dependent anticancer 

efficacy, with elevated concentrations resulting in reduced cell viability. 
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Figure 20. (A) & (B) Cytotoxicity activity of 3-(naphthalen-3-yl)-1-phenylprop-2-en-1-one against breast cancer 

cell line MDAMB-231. (C) cell viability percentage and (B) 3-(naphthalen-3-yl)-1-phenylprop-2-en-1-one -treated 

cancerous cells. 

Infinitesimal structural analyses confirmed these conclusions, revealing alterations in cell 

anatomy, such as cell contraction and the emergence of apoptotic characteristics, in therapeutic cells 

relative to unprocessed cells.The IC50 of the trial compound was regulated to be 50.27 µg/ml. and 

investigated the MTT assay of synthesized chalcone derivative on the TNBC cell line, determining 

the IC50 to be 44.07 µg/ml [44]. 

3.11. Detection of Early and Late Apoptosis 

The results reveal that there was no sign of apoptosis in the case of untreated cells, whereas, in 

the case of the synthesized compound treated with MDAMB-231 cells showed positive results for 

early and late apoptosis around 20.80 % and 3.10 % of cells, respectively and is represented in Figure 

21. The study in breast cancer MDAMB-231 cells revealed that the synthesized compound was 

inducing apoptosis as represented in Table 8. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2025 doi:10.20944/preprints202505.0304.v1

https://doi.org/10.20944/preprints202505.0304.v1


 27 of 32 

 

 

Figure 21. Detection of early and late apoptosis induced by the synthesized compound in MDAMB-231 cell 

lines. 

Table 8. Tabulation of early and late apoptosis by the synthesized compound in MDAMB-231 cell lines. 

Treatments and cell line Early Apoptosis Late Apoptosis Total Apoptosis 

3NPEO - (MDAMB-231) 20.80 3.10 23.90 

Apoptosis, a vital process for the removal of malfunctioning cells, which presents potential as a 

curative goal in cancer therapy [74]. Thoughtful apoptotic tracks may assist in the creation of 

innovative representatives. Moreover, regulating cell sequence evolution is essential for suppressing 

lump development, as indicated by the occurrence of mutations in cell cycle supervisors across 

numerous malignancies [75]. Flow cytometry-based cell cycle analyses clarified the machinery of 

accomplishment of CMP6, representing cell cycle apprehension at several segments in healed 

MDAMB-231 cells. The chalcone molecule confirmed promising anticancer efficacy contrary to the 

breast cancer cell line. 

4. Conclusions 

The photophysical properties in a chalcone-based heterocyclic derivative, employing a 

combination of experimental methods and theoretical calculations, unveiled a conical intersection 

between the S1 and S0 potential energy surfaces. This conformation signifies a π→π* character, 

elucidated through density functional theory calculations, emphasizing the involvement of charge 

transfer in the chalcone-based heterocyclic derivative. The incorporation of electron-donating groups 

into the naphthalene-based derivative linked to coumarin, as validated by cyclic voltammetry (CV), 

holds promise for enhancing fluorescence efficiencies in material development. The understanding 

of low fluorescence compounds, influenced by intersystem crossing and internal conversion, is 

crucial for applications in probes, sensors, and electron transfer reactions. The third-order nonlinear 

refractive index (n2), nonlinear susceptibility (χ3) and non-linear absorption coefficient (β) are of the 

order 10−9 cm2/W, 10−6 esu and 10−5 cm/W respectively for 3NPEO chalcone. The chalcone reveled 

upright optical limiting threshold rates of about 4.0 kJ/cm2. In addition to it, a comprehensive 
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investigation of synthesized chalcone’s anticancer properties employing various methodologies, such 

as docking studies, molecular dynamics simulations, and investigational assays, including the MTT 

assay and apoptosis analysis, has yielded significant new insights. We have performed the docking 

investigations against PDB id 4OAR which yielded a favourable score of -8.5 kcal/mol. Molecular 

dynamics and simulations were conducted for the complex under study over a duration of 200 ns, 

during which the complex exhibited stability throughout the investigation. All experiments 

demonstrated favourable outcomes, and the results align with the anticancer efficacy of the 

synthesized molecule. 
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