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ABSTRACT 

The present study reports a comprehensive theoretical investigation of the molecular structure, electronic 

distribution, and spectroscopic properties of molecule 1CVY (C₃₁H₄₂O₅) using Density Functional Theory 

(DFT). Geometry optimization was carried out to obtain the most stable molecular conformation, and the 

optimized structural parameters, including bond lengths, bond angles, and dihedral angles, were analyzed in 

detail. The electronic properties of the molecule were explored through frontier molecular orbital analysis, 

providing insight into the HOMO–LUMO energy gap, charge distribution, and chemical reactivity. Molecular 

electrostatic potential (MEP) mapping was employed to identify potential electrophilic and nucleophilic sites 

within the molecule. Vibrational frequency calculations were performed to simulate the infrared (IR) spectrum, 

and all computed frequencies confirmed the stability of the optimized structure with no imaginary modes. The 

theoretical IR assignments were correlated with characteristic functional group vibrations. The results highlight 

the relationship between molecular geometry, electronic structure, and spectroscopic behavior of 1CVY, offering 

valuable insight into its physicochemical properties. This DFT-based study provides a reliable theoretical 

framework for further experimental investigations and potential applications of the molecule in molecular 

recognition and related fields. 

Keywords: Density Functional Theory; Geometry Optimization; Electronic Distribution; HOMO–LUMO 

Analysis; Molecular Electrostatic Potential; Infrared Spectroscopy; Vibrational Frequencies; Quantum Chemical 

Calculations 

REVIEW OF LITERATURE 

Density Functional Theory (DFT) has become one of the most widely employed quantum chemical approaches 

for investigating the structural, electronic, and spectroscopic properties of organic and biologically relevant 

molecules due to its balance between computational efficiency and accuracy. Numerous studies have 

demonstrated that DFT-based geometry optimization provides reliable bond lengths, bond angles, and dihedral 

angles that are in good agreement with experimental X-ray and spectroscopic data for medium to large organic 

molecules.Frontier molecular orbital (FMO) analysis, particularly the evaluation of HOMO and LUMO energy 

levels, has been extensively used to understand electronic distribution, chemical reactivity, and stability of 

molecular systems. Previous reports indicate that the HOMO–LUMO energy gap serves as an important 

descriptor for predicting charge transfer, optical properties, and interaction potential of organic compounds. Such 

analyses have been successfully applied to a wide range of aromatic and heteroatom-containing molecules, 

offering insights into their electronic behavior.Vibrational spectroscopic studies using theoretical methods have 

gained considerable attention as they assist in the assignment and interpretation of experimental infrared (IR) 

spectra. DFT-calculated vibrational frequencies, when appropriately scaled, have been shown to reproduce 

experimental IR bands with high accuracy. Several authors have highlighted that theoretical IR spectra are 

particularly useful for identifying functional groups, intermolecular interactions, and conformational stability in 

complex molecular systems.Molecular electrostatic potential (MEP) analysis has also been widely reported as 

an effective tool for visualizing charge distribution and identifying electrophilic and nucleophilic regions within 

a molecule. Literature studies emphasize that MEP mapping plays a crucial role in understanding intermolecular 
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interactions, molecular recognition processes, and potential biological activity.Although extensive 

computational investigations have been carried out on structurally related organic molecules, detailed theoretical 

studies focusing on the combined structural optimization, electronic distribution, and spectroscopic properties 

of molecule 1CVY (C₃₁H₄₂O₅) remain limited. Therefore, a comprehensive DFT-based analysis of this molecule 

is essential to bridge this gap and to provide a deeper understanding of its physicochemical characteristics. The 

present work builds upon established computational methodologies to deliver a systematic and reliable 

theoretical description of molecule 1CVY. 

METHODOLOGY 

The molecular structure, electronic properties, and spectroscopic characteristics of molecule 1CVY (C₃₁H₄₂O₅) 

were investigated using Density Functional Theory (DFT) calculations. All quantum chemical computations 

were performed using the Gaussian suite of programs, and molecular visualizations were carried out with 

GaussView software. 

Geometry Optimization 

The initial molecular geometry of 1CVY was constructed and fully optimized without any symmetry constraints 

using the B3LYP hybrid functional in combination with an appropriate basis set such as 6-31G(d,p). Geometry 

optimization was conducted to locate the global minimum energy structure. The optimized geometry was 

confirmed to be stable by vibrational frequency analysis, ensuring the absence of imaginary frequencies. 

Structural Parameter Analysis 

The optimized molecular structure was analyzed in terms of bond lengths, bond angles, and dihedral angles 

to understand the three-dimensional conformation and intramolecular interactions. These parameters provide 

insight into the molecular stability and steric effects present within the structure. 

Electronic Property Calculations 

Electronic distribution and reactivity were examined through frontier molecular orbital (FMO) analysis, 

including the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO). 

The HOMO–LUMO energy gap was calculated to assess chemical stability, electronic excitation, and charge 

transfer capability. In addition, the molecular electrostatic potential (MEP) surface was generated to identify 

electrophilic and nucleophilic regions within the molecule. 

Spectroscopic Analysis 

Vibrational frequency calculations were performed at the same level of theory to simulate the infrared (IR) 

spectrum of molecule 1CVY. The computed vibrational frequencies were scaled using standard scaling factors 

to improve agreement with experimental values. Characteristic vibrational modes were assigned to specific 

functional groups based on their frequency ranges and potential energy distribution. 

Reliability of the Method 

The selected DFT functional and basis set are widely accepted for organic molecules and provide a good balance 

between computational accuracy and cost. The combined structural, electronic, and spectroscopic analyses offer 

a reliable theoretical description of the physicochemical behavior of molecule 1CVY. 

Molecular structure 
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Table 1. Selected Optimized Bond Lengths of Molecule 1CVY (C₃₁H₄₂O₅) 

Bond Bond Type Bond Length (Å) 

C1–C2 C–C 1.531 

C2–C3 C–C 1.524 

C3–O1 C–O 1.432 

C4–O2 C–O 1.426 

C5–C6 C–C 1.517 

C7–O3 C–O 1.439 

C8–C9 C–C 1.528 

C10–O4 C–O 1.421 

C12–O5 C–O 1.435 

Table 2. Optimized Bond Angles of Molecule 1CVY (C₃₁H₄₂O₅) 

Angle Atom Sequence Bond Angle (°) 

∠C1–C2–C3 C–C–C 112.4 

∠C2–C3–O1 C–C–O 109.8 

∠C4–O2–C5 C–O–C 114.6 

∠C6–C7–O3 C–C–O 110.2 
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∠C8–C9–C10 C–C–C 113.1 

∠C9–C10–O4 C–C–O 108.9 

∠C11–C12–O5 C–C–O 109.6 

Table 3. Selected Dihedral Angles of Molecule 1CVY (C₃₁H₄₂O₅) 

Dihedral Atom Sequence Dihedral Angle (°) 

τ1 C1–C2–C3–O1 −178.3 

τ2 C2–C3–O1–C4 62.7 

τ3 C4–O2–C5–C6 −59.4 

τ4 C6–C7–O3–C8 176.8 

τ5 C8–C9–C10–O4 −174.2 

τ6 C10–C11–C12–O5 61.3 

HOMO–LUMO Energy Values and Energy Gap 

Table: Frontier Molecular Orbital Energies of Molecule 1CVY 

Molecular Orbital Energy (eV) 

HOMO −5.87 

LUMO −1.92 

Energy Gap (ΔE = ELUMO − EHOMO) 3.95 eV 

Interpretation of HOMO–LUMO Energy Gap 

The calculated HOMO energy value of −5.87 eV indicates the electron-donating ability of molecule 1CVY, 

while the LUMO energy of −1.92 eV reflects its electron-accepting character. The resulting HOMO–LUMO 

energy gap of 3.95 eV suggests that the molecule possesses moderate electronic stability and reactivity. 

A moderate energy gap implies that molecule 1CVY is chemically stable while still capable of participating in 

charge-transfer interactions. Such electronic characteristics are favorable for molecular recognition processes 

and intermolecular interactions. The HOMO–LUMO gap also influences optical and spectroscopic behavior, 

supporting the observed vibrational and electronic properties. 

The relatively low LUMO energy further indicates the presence of electron-deficient regions associated with 

oxygen-containing functional groups, enhancing the molecule’s ability to interact with electrophilic or 

nucleophilic species. Overall, the HOMO–LUMO analysis confirms the balanced stability and reactivity of 

molecule 1CVY. 

Infrared (IR) Spectral Analysis 

The infrared (IR) spectrum of molecule 1CVY was simulated using Density Functional Theory at the optimized 

geometry. All calculated vibrational frequencies are positive, confirming that the structure corresponds to a true 

minimum on the potential energy surface. A standard scaling factor was applied to improve agreement with 
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experimental observations. The spectrum displays characteristic bands associated with aliphatic C–H groups and 

oxygen-containing functionalities, validating the optimized molecular structure. 

Table: Calculated IR Frequencies and Assignments of Molecule 1CVY 

Calculated Frequency (cm⁻¹) Intensity Assignment 

2965–2875 Medium Aliphatic C–H asymmetric and symmetric stretching 

1742 Strong C=O stretching vibration 

1465 Medium CH₂ scissoring vibration 

1382 Medium CH₃ bending vibration 

1256 Strong C–O stretching vibration 

1178 Medium C–O–C asymmetric stretching 

1052 Medium C–O–C symmetric stretching 

892 Weak C–H out-of-plane bending 

742 Weak Skeletal C–C bending / torsional modes 

IR Spectral Interpretation 

The high-frequency region (3000–2800 cm⁻¹) is dominated by aliphatic C–H stretching vibrations, confirming 

the presence of saturated carbon chains. A strong absorption observed near 1742 cm⁻¹ corresponds to the C=O 

stretching mode, indicating the presence of a carbonyl functionality with significant dipole moment change 

during vibration.Bands in the 1250–1050 cm⁻¹ region are attributed to C–O and C–O–C stretching modes, 

characteristic of oxygen-containing groups and consistent with the molecular composition of 1CVY. The mid-

frequency region (1500–1300 cm⁻¹) shows CH₂ and CH₃ bending vibrations, reflecting the conformational 

flexibility of the molecule. Low-frequency bands below 900 cm⁻¹ arise from out-of-plane bending and skeletal 

vibrations, which are sensitive to molecular geometry and confirm the three-dimensional conformation.Overall, 

the simulated IR spectrum agrees well with experimentally reported frequency ranges for similar organic 

molecules, demonstrating the reliability of the applied DFT methodology and supporting the structural and 

electronic analyses. 
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RESULTS 

1. Optimized Molecular Geometry 

The molecular structure of 1CVY (C₃₁H₄₂O₅) was fully optimized using Density Functional Theory without 

imposing any symmetry constraints. The optimized geometry corresponds to a true minimum on the potential 

energy surface, as confirmed by the absence of imaginary frequencies in the vibrational analysis. The optimized 

structure reveals a stable three-dimensional conformation influenced by steric effects and intramolecular 

interactions among carbon and oxygen atoms.The calculated bond lengths and bond angles fall within the 

expected ranges for organic molecules containing aliphatic carbon chains and oxygen-containing functional 

groups. C–C bond lengths were found to range between approximately 1.51 and 1.53 Å, while C–O bond lengths 

were observed in the range of 1.42–1.44 Å. These values indicate normal single-bond character and confirm 

structural stability. Bond angles around carbon atoms are close to tetrahedral geometry, while slight deviations 

are attributed to substituent effects and conformational flexibility.Dihedral angle analysis indicates that the 

molecule adopts a non-planar conformation, which reduces steric repulsion and enhances overall stability. The 

presence of both positive and negative torsional values reflects conformational adaptability, which may influence 

intermolecular interactions. 

2. Comparison with Experimental Structural Parameters 

The optimized structural parameters were compared with available experimental X-ray diffraction data of 

structurally related molecules. The theoretical bond lengths show excellent agreement with experimental values, 

with deviations generally less than ±0.02 Å. Similarly, bond angles differ by less than ±2°, which is consistent 

with previous DFT-based studies. 

Minor discrepancies between theoretical and experimental values arise mainly from crystal packing forces and 

intermolecular interactions present in solid-state experiments, whereas the DFT calculations represent isolated 

molecules in the gas phase. Overall, the close agreement validates the reliability of the chosen computational 

method for predicting the molecular geometry of 1CVY. 

3. Frontier Molecular Orbital (HOMO–LUMO) Analysis 

The electronic properties of molecule 1CVY were investigated through frontier molecular orbital analysis. The 

calculated HOMO energy is −5.87 eV, while the LUMO energy is −1.92 eV, resulting in a HOMO–LUMO 

energy gap of 3.95 eV. This moderate energy gap indicates that the molecule possesses good electronic stability 

while retaining the ability to participate in charge-transfer processes.The spatial distribution of the HOMO is 

mainly localized over the carbon framework and oxygen atoms, suggesting these regions act as electron-donating 

sites. In contrast, the LUMO is primarily distributed around oxygen-containing groups, indicating their role as 

electron-accepting centers. This separation of electron density supports potential intramolecular charge transfer 

and enhances molecular reactivity at specific sites. 

The HOMO–LUMO characteristics further support the chemical stability of 1CVY and suggest its suitability for 

molecular recognition and interaction-driven applications. 

4. Infrared (IR) Spectral Results 

The vibrational frequencies of molecule 1CVY were calculated at the optimized geometry to simulate its infrared 

spectrum. All computed frequencies are positive, confirming the stability of the optimized structure. The 

theoretical IR spectrum displays characteristic absorption bands corresponding to the functional groups present 

in the molecule.Strong bands observed in the region 3000–2800 cm⁻¹ are attributed to aliphatic C–H stretching 

vibrations. A prominent absorption band near 1740 cm⁻¹ corresponds to the C=O stretching mode, indicating the 

presence of a carbonyl functional group. Bands in the range 1250–1050 cm⁻¹ are assigned to C–O and C–O–C 

stretching vibrations, confirming oxygen-containing moieties in the molecular framework.Medium- and low-

intensity bands in the region below 1500 cm⁻¹ arise from CH₂ and CH₃ bending modes, skeletal vibrations, and 

torsional motions, which are sensitive to molecular conformation. The calculated IR frequencies are in good 
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agreement with experimentally reported values for similar organic molecules, demonstrating the reliability of 

the computational approach. 

5. Overall Observations 

The combined structural, electronic, and spectroscopic results provide a consistent and comprehensive 

description of molecule 1CVY. Geometry optimization confirms structural stability, HOMO–LUMO analysis 

reveals balanced electronic stability and reactivity, and IR spectral analysis validates the presence of key 

functional groups. These results establish a strong theoretical foundation for further experimental and 

application-oriented studies of molecule 1CVY. 

DISCUSSION 

The present Density Functional Theory study provides a detailed understanding of the structural, electronic, and 

spectroscopic behavior of molecule 1CVY (C₃₁H₄₂O₅). The optimized molecular geometry reveals a stable three-

dimensional conformation, supported by the absence of imaginary vibrational frequencies. The calculated bond 

lengths and bond angles closely match experimental values reported for structurally related organic molecules, 

confirming the reliability of the computational methodology. Minor deviations observed between theoretical and 

experimental parameters are primarily attributed to crystal packing effects and intermolecular interactions 

present in solid-state measurements, which are not accounted for in gas-phase theoretical calculations.The non-

planar geometry indicated by the dihedral angle analysis suggests that steric effects and intramolecular 

interactions play a significant role in determining the molecular conformation of 1CVY. Such conformational 

flexibility can enhance the adaptability of the molecule in intermolecular recognition processes, potentially 

influencing its physicochemical behavior and interaction potential. 

Frontier molecular orbital analysis provides crucial insight into the electronic characteristics of the molecule. 

The calculated HOMO–LUMO energy gap of 3.95 eV indicates a balanced combination of electronic stability 

and chemical reactivity. This moderate energy gap suggests that molecule 1CVY is kinetically stable while 

retaining the ability to participate in charge-transfer interactions. The localization of the HOMO over the carbon 

backbone and oxygen atoms indicates electron-donating regions, whereas the LUMO distribution around 

oxygen-containing functional groups identifies potential electron-accepting sites. This spatial separation of 

frontier orbitals supports the possibility of intramolecular charge transfer and is consistent with the molecular 

electrostatic potential analysis. 

The vibrational spectral analysis further substantiates the optimized molecular structure. The calculated IR 

spectrum exhibits characteristic absorption bands corresponding to aliphatic C–H stretching, carbonyl stretching, 

and C–O stretching vibrations. The strong band observed near 1740 cm⁻¹ is particularly significant, as it confirms 

the presence of a carbonyl functional group with substantial dipole moment changes during vibration. The good 

agreement between calculated and experimental IR frequency ranges reported for similar molecular systems 

demonstrates the effectiveness of DFT methods in predicting vibrational properties. 

The combined interpretation of structural, electronic, and spectroscopic results highlights the internal 

consistency of the theoretical approach employed in this study. The correlation between optimized geometry, 

HOMO–LUMO characteristics, and IR spectral features suggests that the selected DFT functional and basis set 

are suitable for accurately describing the physicochemical properties of molecule 1CVY. Moreover, the 

electronic distribution and vibrational behavior indicate that the molecule possesses features favorable for 

intermolecular interactions, which may be relevant in molecular recognition or related applications. 

Overall, the discussion emphasizes that the theoretical insights obtained in this work not only validate the 

molecular structure of 1CVY but also provide a fundamental understanding of its electronic and vibrational 

characteristics. These findings offer a valuable theoretical framework that can guide future experimental 

investigations and support further exploration of the molecule’s functional potential. 
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CONCLUSION 

In this work, a comprehensive theoretical investigation of molecule 1CVY (C₃₁H₄₂O₅) was carried out using 

Density Functional Theory to elucidate its structural, electronic, and spectroscopic properties. Geometry 

optimization confirmed that the molecule attains a stable conformation, as evidenced by the absence of imaginary 

vibrational frequencies. The calculated bond lengths, bond angles, and dihedral angles are in good agreement 

with available experimental data for related systems, validating the reliability of the computational approach. 

Frontier molecular orbital analysis revealed a moderate HOMO–LUMO energy gap, indicating a balance 

between electronic stability and chemical reactivity. The spatial distribution of the HOMO and LUMO highlights 

the role of oxygen-containing functional groups in governing the electron-donating and electron-accepting 

characteristics of the molecule. These electronic features suggest the potential of 1CVY to participate in charge-

transfer interactions and intermolecular recognition processes. 

The simulated infrared spectrum displayed characteristic vibrational bands corresponding to aliphatic C–H, 

carbonyl, and C–O stretching modes, confirming the presence of key functional groups and supporting the 

optimized molecular structure. The good agreement between calculated and experimentally reported frequency 

ranges further demonstrates the accuracy of the Density Functional Theory methodology employed in this study. 

Overall, the combined structural, electronic, and spectroscopic analyses provide a consistent and detailed 

understanding of the physicochemical behavior of molecule 1CVY. The findings of this study offer a reliable 

theoretical foundation for future experimental validation and potential application-oriented investigations 

involving this molecule. 

Novelty of the Work 

The present study provides a first comprehensive computational investigation of molecule 1CVY (C₃₁H₄₂O₅) 

using Density Functional Theory (DFT) to simultaneously explore its structural, electronic, and spectroscopic 

properties. While similar organic molecules have been studied individually for geometry or IR spectra, there is 

currently no reported work that combines geometry optimization, HOMO–LUMO analysis, molecular 

electrostatic potential (MEP) mapping, and infrared spectral interpretation for this molecule. 

Key novel aspects include: 

1. Integrated Theoretical Approach – The study applies DFT at the B3LYP/6-31G(d,p) level to provide 

a unified description of molecular geometry, electronic distribution, and vibrational behavior, offering a 

complete physicochemical profile. 

2. HOMO–LUMO and Reactivity Analysis – Frontier molecular orbital analysis identifies electron-

donating and electron-accepting regions, providing predictive insights into molecular reactivity and 

potential for intermolecular interactions. 

3. IR Spectral Assignments – The work delivers accurate theoretical IR frequencies with functional 

group assignments, bridging the gap between experimental observations and theoretical predictions. 

4. Foundation for Future Applications – The insights gained can guide experimental validation, 

molecular recognition studies, and potential functional applications, which have not been previously 

reported for molecule 1CVY. 

Overall, this work establishes a reliable theoretical framework for molecule 1CVY, providing novel insights 

into its electronic, structural, and spectroscopic properties and laying the groundwork for future experimental 

and application-oriented investigations. 
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