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ABSTRACT
A	 comprehensive	 quantum	 chemical	 investigation	 was	 carried	 out	 on	 2-[(8-bromonaphtho[2,1-b]furan-2-yl)carbonyl]-N-(3-
chlorophenyl)hydrazinecarbothioamide	(A1)	to	evaluate	its	structural,	electronic,	and	molecular	reactivity	characteristics.	Density	
Functional	Theory	(DFT)	calculations	were	performed	using	the	B3LYP	functional	with	the	6-31G(d,p)	basis	set	in	Gaussian	09.	The	
optimized	geometry	was	validated	by	frequency	analysis,	con�irming	the	absence	of	imaginary	vibrational	modes.	Frontier	molecular	
orbital	analysis	demonstrated	effective	intramolecular	π-electron	delocalization,	with	the	HOMO	mainly	localized	over	the	donor	region	
and	the	LUMO	distributed	across	the	acceptor	fragment,	indicating	pronounced	charge-transfer	behavior.	The	calculated	HOMO–LUMO	
energy	 gap	 of	 4.2758	 eV	 suggests	 favorable	 kinetic	 stability	 and	moderate	 chemical	 reactivity.	 Molecular	 electrostatic	 potential	
mapping	revealed	electron-rich	regions	around	the	carbonyl	oxygen	and	thiocarbonyl	sulfur	atoms,	identifying	the	principal	reactive	
sites	of	the	molecule.	Furthermore,	quantum	chemical	descriptors	con�irmed	its	balanced	electron-donating	and	electron-accepting	
ability.	These	�indings	establish	A1	as	a	structurally	stable	donor–acceptor	system	with	promising	potential	for	optoelectronic,	nonlinear	
optical,	and	molecular	sensing	applications.
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Introduction
The design and investigation of π-conjugated organic molecules 
containing heteroaromatic and donor–acceptor structural 
motifs have received considerable attention because of their 
distinctive electronic, optical, and molecular recognition 

properties [1], [2], [3]. 

Extended π-electron delocalization can facilitate intramolecular 
charge transfer (ICT), thereby in�luencing molecular polarity, 
frontier orbital distribution, chemical reactivity, and optical 

response [4], [5]. Such characteristics are particularly important 
in the development of functional organic materials for 
applications in optoelectronics, nonlinear optics, molecular 
sensing, and related electronic devices. The incorporation of 
fused heteroaromatic systems into conjugated molecular 
architectures provides an effective strategy for modifying their 

electronic structure and charge-transfer characteristics [4], [6], 
[7], [8].
Naphthofuran derivatives constitute an interesting class of 
fused heterocyclic compounds because the extended aromatic 
framework provides a conjugated pathway for electron 
delocalization. In particular, halogen substituents such as 
bromine and chlorine can in�luence molecular polarization and 
the distribution of electron density within a conjugated 
framework. Understanding the relationship between these 
structural features and the resulting electronic properties is 
therefore important for assessing the potential functionality of 

such compounds [9], [10].
The present study focuses on 2-[(8-bromonaphtho[2,1-b]furan-
2-yl)carbonyl]-N-(3-chlorophenyl)hydrazinecarbothioamide 
(A1), a molecule containing a brominated naphthofuran moiety 
connected through a carbonyl hydrazinecarbothioamide bridge 
to a chlorophenyl group. 
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To obtain a detailed understanding of the molecular electronic 
structure, Density Functional Theory (DFT) calculations were 
carried out using the B3LYP hybrid exchange–correlation 
functional with the 6-31G (d, p) (d, p) basis set. The optimized 
molecular geometry was employed to evaluate the frontier 
molecular orbitals (HOMO–LUMO), energy gap, molecular 
electrostatic potential (MEP), and global reactivity descriptors. 
The combined structural and theoretical study provides 
valuable insight into the relationship between the molecular 
architecture and its electronic and optical properties, 
highlighting the potential of 2-[(8-bromonaphtho[2,1-b]furan-
2-yl)carbonyl]-N-(3-chlorophenyl)hydrazinecarbothioamide 
as a promising functional material for optoelectronic and 
sensing applications.

Computational	Details:
All quantum chemical calculations were performed using the 
Gaussian 09 software package. The molecular geometry of the 
synthesized brominated pyridine–thioamide hydrazone 
derivative was fully optimized using Density Functional Theory 
(DFT) with the Becke three-parameter Lee–Yang–Parr (B3LYP) 
hybrid exchange–correlation functional and the 6-31G (d, 

p)(d,p) basis set [13], [14], [15]. No symmetry constraints were 
imposed during geometry optimization.
To verify that the optimized structure corresponded to a true 
minimum on the potential energy surface, harmonic vibrational 
frequency calculations were carried out at the same B3LYP/6-
31G (d, p) (d,p) level, and no imaginary frequencies were 

observed [27], [27], [28]. The optimized geometry was 
subsequently used for the calculation of frontier molecular 
orbital energies (HOMO and LUMO), HOMO–LUMO energy gap, 
molecular electrostatic potential (MEP), and global reactivity 
parameters. Molecular orbital and MEP surface visualizations 
were generated using Gauss view 5.0.

Results	and	Discussion
Various computational studies of the substituted 2-[(8-
b r o m o n a p h t h o [ 2 , 1 - b ] f u r a n - 2 - y l ) c a r b o n y l ] - N - ( 3 -
chlorophenyl)hydrazinecarbothioamide (A1) molecule were 
carried out. These computational studies of structural, charge 
distribution, thermodynamical concepts, spectroscopic 
absorption and emission studies, quantum chemical analysis, 
ESP, and MEP are presented.

Structure	and	geometric	properties:
T h e  m o l e c u l a r  s t r u c t u r e  o f  t h e  m o l e c u l e  2 - [ ( 8 -
b r o m o n a p h t h o [ 2 , 1 - b ] f u r a n - 2 - y l ) c a r b o n y l ] - N - ( 3 -
chlorophenyl)hydrazinecarbothioamide was built using 
GaussView 5.0 and was fully optimized using the Gaussian 09 
program package with the Opt + Freq calculation method for 
geometry optimization. In addition, calculations were made 
using the DFT/B3LYP/6-31G (d, p) method. The geometry 
optimization procedure was carried out by introducing initial 
coordinates consistent with standard chemical values and 
searching for equilibrium geometry. Frequencies were 
calculated to determine whether the optimized geometry is a 
minimum on the potential energy surface. Figure.1 shows the 
optimized molecular structure for A1. In order to study the 
effects of electron excitation on the molecular geometry of A1, 
calculations using B3LYP/6 31G(d,p) for ground states, were 
carried out.

The presence of oxygen, nitrogen, sulfur, bromine, and chlorine 
atoms is also expected to contribute to the molecular 
electrostatic distribution and to in�luence the preferred sites for 
intermolecular interactions. 
Density Functional Theory (DFT) has become an important 
computational approach for obtaining molecular geometries 

and evaluating electronic properties of molecular systems [11], 
[12], [13], [14], [15]. Hybrid exchange–correlation functionals 
such as B3LYP combine Hartree–Fock exchange with density-
functional correlation contributions and have been extensively 
employed for molecular structure and electronic-property 
calculations. The B3LYP functional is constructed from the 
Becke three-parameter exchange formulation together with the 
Lee–Yang–Parr correlation functional. 
Frontier molecular orbital (FMO) analysis provides useful 
information concerning the electron-donating and electron-
accepting characteristics of a molecule. The highest occupied 
molecular orbital (HOMO) and lowest unoccupied molecular 
orbital (LUMO), together with their energy difference, can 
provide qualitative information about molecular stability, 
electronic excitation, charge-transfer characteristics, and 

chemical reactivity [13], [16], [17]. In addition, global reactivity 
descriptors such as ionization potential, electron af�inity, 
electronegativity, chemical potential, chemical hardness, 
softness, and electrophilicity can provide complementary 
information concerning the tendency of a molecular system to 
donate or accept electron density.
Molecular electrostatic potential (MEP) and electrostatic 
potential (ESP) analyses provide a spatial description of the 
molecular charge distribution and are particularly useful for 
identifying electron-rich and electron-de�icient regions on a 
molecular surface. Such information can assist in locating 
potential sites for electrophilic and nucleophilic interactions 

and in understanding possible intermolecular interactions [14], 
[18], [19]. 
Donor–acceptor (D–A) π-conjugated heterocyclic compounds 
have attracted considerable attention because of their 
remarkable optical, electronic, and charge-transfer properties, 
making them promising candidates for organic light-emitting 
diodes, nonlinear optical (NLO) materials, �luorescent sensors, 

and photovoltaic devices[20], [21]. The incorporation of fused 
aromatic heterocycles together with electron-withdrawing 
substituents enhances π-electron delocalization and facilitates 
ef�icient intramolecular charge transfer (ICT), which governs 

the photo physical behaviour of these molecules [2], [13], [16], 
[22], [23].
In the present work, 2-[(8-bromonaphtho[2,1-b]furan-2-
yl)carbonyl]-N-(3-chlorophenyl)hydrazinecarbothioamide was 
investigated as a novel donor–π–acceptor molecular system. 
The optimized geometry was veri�ied through harmonic 
vibrational frequency analysis, followed by evaluation of the 
thermodynamic parameters, HOMO and LUMO energies, 
HOMO–LUMO energy gap, and global chemical reactivity 

descriptors[24], [25], [26]. The molecular framework comprises 
a brominated naphthofuran moiety linked through a carbonyl 
hydrazinecarbothioamide bridge to a 3-chlorophenyl group, 
producing an extended conjugated architecture with signi�icant 
electron delocalization. The presence of bromine, chlorine, 
oxygen, nitrogen, and sulfur atoms is expected to in�luence the 
electronic distribution, molecular polarity, and intermolecular 
interactions, thereby enhancing its optical and electronic 
performance.
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Frontier	 molecular	 orbitals	 and	 quantum	 chemical	
calculations:
Frontier molecular orbital (FMO) analysis offers valuable 
information about a molecule's electronic structure, charge-
transfer mechanism, and reactivity. The energies and shapes of 
the Highest Occupied Molecular Orbital (HOMO) and Lowest 
Unoccupied Molecular Orbital (LUMO) determine the nature of 
the electron donor and acceptor regions. The energy of the 
HOMO is related to the ionization potential of the molecule, 
while the energy of the LUMO is connected to the electron 
af�inity. Therefore, the interaction between HOMO and LUMO is 
an essential factor in charge transfer processes, which 
determines the reactivity and stability of the molecule.
The three-dimensional distribution of frontier molecular 
orbitals (FMOs) of A1 is presented in Figure.2, based on the 
B3LYP/6-31G (d, p) (d, p) calculation method. It can be seen that 
the HOMO is dominated by π bonding, while the LUMO is 
characterized by π anti-bonding. Therefore, the major 
contribution to the electronic transition of the molecule is π→π 
transition. Apart from that, the distribution of FMOs reveals 
electron transfer within the molecule, which helps identify the 
mechanism of action. In molecular orbital diagrams, the red 
color represents the negative lobe, while the blue color stands 
for the positive lobe.
The energy gap between the HOMO and LUMO orbitals was 
found to be 4.2758 eV. The signi�icant value of ΔE indicates that 
A1 has a good kinetic stability and moderate chemical reactivity. 
On the other hand, the calculated value of ΔE proves ef�icient 
electron communication in the molecule, which supports the 
optical properties of A1 and its potential application in 
optoelectronic and molecular electronic devices. Additionally, 
the considerable HOMO-LUMO gap (4.2758 eV) implies that A1 
has moderate reactivity and suf�icient kinetic stability, while the 
reduced possibility of intramolecular charge recombination 
makes it attractive for organic optoelectronic applications.

The thermodynamic properties of A1 theoretically calculated at 
the level of theory DFT/B3LYP/6-31G (d, p) are collected in 
Table.1. They can be used to estimate the energetic contribution 
of translation, rotation, and vibration, as well as the enthalpy, 
entropy, and other thermodynamic properties of the optimized 
molecule. The translational and rotational energies of the 
molecule are equal to 0.889 kcal mol ⁻ ¹ and contribute only a 
small part to the total energy of A1. The main source of thermal 
energy is the vibrational one, which amounted to 213.036 kcal 
mol ⁻ ¹. The total amount of thermal energy of A1 is 214.813 kcal 
mol⁻¹, and it is predominantly determined by the vibrational 
energy component. Nuclear repulsion energy is 3135.602 
Hartree and is related to the optimized geometry of A1. The 
zero-point vibrational energy (ZPVE) is 199.758 kcal mol⁻¹, and 
it is the minimum vibrational energy of the molecule. According 

-1to calculations, the entropy of A1 is 174.864 cal mol⁻¹ K . It is 
determined by the number of translational, rotational, and 
vibrational degrees of freedom of the molecule. For A1, the 
rotational constants A, B, and C are 0.13896 GHz, 0.09880 GHz, 
and 0.06619 GHz, respectively. This difference indicates the 
asymmetry of the molecule, which also follows from the 
geometry optimization. The rotational temperature is also 
lowest for A1: for the axis, and for axes and, the rotational 
temperatures were found to be equal to 0.00667 K, 0.00474 K, 
and 0.00318 K, respectively. Thus, the thermodynamic 
properties of A1 calculated at the level of theory DFT/B3LYP/6-
31G (d, p) show the stability of the optimized geometry and 
good thermodynamic behavior. Such behavior is primarily 
determined by the high vibrational energy, which is the 
dominant component of the total energy of the molecule.

Figure.1:	Optimized	molecular	structure	of	A1

Table	1:	Calculated	thermodynamic	parameters	of	A1	with	DFT	theory	using	B3LYP/6-
31G	(d,	p)	basis	set

Figure.2:	Representation	of	frontier	molecular	orbitals	of	A1	in	vacuum	medium	using	
DFT	method

From Koopmans' theorem, it can be inferred that the ionization 
potential (I) and electron af�inity (A) can be determined using 
the frontier molecular orbital energies. This is because I = − E 
HOMO and A = − E LUMO. Thus, ionization potential and electron 
af�inity energies give information about the charge-transfer 
ability, electronic structure, and reactivity of the molecule.

https://scienceletters.researchfloor.org/
https://scienceletters.researchfloor.org/


Santosh	R	Mannopantar	et	al.,	/	Journal	of	e-Science	Letters	(2025)

122. www.scienceletters.research�loor.org

Table	2:	Quantum	chemical	properties	of	A1	with	vacuum

The calculated HOMO and LUMO energies are further used to compute other quantum chemical descriptors, namely, the 
HOMO–LUMO energy gap (Eg), chemical hardness (η), chemical potential (μ), chemical softness (S), electronegativity (χ), and global 
electrophilicity index (ω). The quantum chemical properties of A1 in gas phase and solvents are presented in Table.6. The descriptors 
are mostly used to predict molecular stability, electron donation and acceptance potentials, and chemical reactivity of the compound.
From Table.2, the energy gap is relatively high, which implies that A1 molecule has good kinetic stability and low chemical reactivity. 
In addition, the global electrophilicity index of A1 is 3.18 eV, which means the molecule can accept electron density effectively. Hence, 
A1 has good electronic stability and can be potentially used in optoelectronics and related devices.

Electrostatic	potential:
Electrostatic potential (ESP) analysis is an effective tool for 
investigating the electronic characteristics and intermolecular 
interactions of a molecule. It provides a visual representation of 
the charge distribution on the molecular surface and enables the 
identi�ication of regions susceptible to electrophilic and 
nucleophilic attack. Consequently, ESP mapping is widely 
employed to predict the reactive sites and interaction behavior 
of molecular systems.

Fig.3:	ESP	mapping	of	A1	in	Vacuum

Overall, A1 exhibits favorable electronic characteristics, 
indicating potential for further investigation in optoelectronic, 
nonlinear-optical, and molecular-sensing applications.
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