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Introduction
Dibenzofuran (DBF) is the heterocyclic 
aromatic compound along with oxygen   
and its molecular formula is C12H8O. 
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Abstract
This study examines the different properties of dibenzofuran using density functional theory (DFT) 
B3LYP/6-311G(d, p) basis set. In dibenzofuran molecules, seven steps are required to establish 
an optimized energy setup. The HOMO-LUMO energy gap is found to be 5.028 eV. The value of 
global reactivity parameters i.e. chemical potential (μ), electronegativity (χ), global hardness (η), 
global softness (ζ) and electrophilicity (ω) are found to be - 3.751 eV, 3.751 eV, 2.514 eV, 0.398 
(eV)-1 and 2.798 eV respectively. The observed energy gap in the DOS spectrum for the dibenzofu-
ran is 4.992 eV which is almost equal to the HOMO-LUMO energy gap. Mulliken charges with the 
C3 and C7 atoms are observed with the highest positive charges along with some positive charges 
on all the hydrogens atoms while oxygen O21 shows the highest negative charge together with 
some negative charges on C1, C2, C4, C5, C6, C8, C9, C10, C11 and C12 atoms. The MEP and 
ESP showed that there is negative potential localized around the benzene ring and oxygen atom 
showing nucleophilic region. In contrast, the positive potential is localized around the hydrogen 
atom showing an electrophilic region. Electron density shows the uniform charge distribution. The 
observed peak values for the C-C vibrations are at 1471 cm-1 and 1484 cm-1, C-H vibration are at 
3191 cm-1, and C-O vibration is at 1215 cm-1. Thermodynamic parameters like heat capacity at 
constant volume and constant pressure, internal energy, enthalpy and entropy increase with the 
rise in temperature i.e. from 10 K to 500 K and Gibbs free energy decreases with the same increase 
in temperature. 
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Figure 1 shows the Chemical structure of 
dibenzofuran.  It gets dissolved in a non-
polar organic solvent and is a volatile 
white solid [1]. Dibenzofuran is known 
to be found in bituminous coal [2]. It is 
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eco-toxic heterocyclic compound which 
is also produced by burning a variety of 
nanomaterials, also found in cigarette ash. 
Mostly the general public is exposed to 
it through contaminated food and water, 
industrial chemical waste, combustion, 
and industrial chemical processes [3, 4]. 
The several derivative of dibenzofuran are 
extensively used in medical science. Many 
biological activities were shown by them, 
including anti-inflammatory, anti-platelet, 
anti-cancer, anti-bacterial, anti-fungal, 
anti-malarial, anti-allergic, and anti-HIV-1 
agent properties [5]. 

Figure 1: Chemical structure of dibenzofuran

On spanning of time, Li et al., studied the 
gas phase formation mechanism of different 
compounds including dibenzofuran and he 
also explored the reaction of benzofuran, 
with cyclopentadienyl radical (CPDyl) to 
form dibenzofuran [6]. The work on the 
synthesis and characterization of organic 
dyes from dibenzofuran for the use in 
dye-sensitized solar cells were focused by 
Periyasamy et al., [7]. From the results 
of various investigations, formation 
of polychlorinated dibenzo-p-dioxins/
dibenzofurans from a refinery process for 
zinc oxide [8-10] was used in feed additives. 
Researchers found the structure, and 
electronic spectra of dibenzofuran together 
with its polychlorinated derivative [11]. Lee 
reported about the dibenzofuran in both the 

ground and lowest triplet state employing 
Density Functional Theory (DFT) with 
the 6-31G* basis set to investigate the 
molecular geometries, excitation energies, 
and vibrational frequencies [12]. 
In the past, many researches performed 
on dibenzofuran have revealed different 
characteristics that are useful for 
different applications. However, the 
complete study of molecular structure, 
spectroscopic analysis, electronic 
structure and thermodynamic properties 
of the dibenzofuran molecule has not been 
performed so far. So, this study addresses 
about the optimization energy, highest 
occupied molecular orbital and lowest 
unoccupied molecular orbital (HOMO-
LUMO) energy gap, global reactivity index 
(GRI), density of states (DOS), Mulliken 
atomic charge, electrostatic potential (ESP), 
molecular electrostatic potential (MEP), 
electron density (ED), IR- spectroscopy, 
and thermodynamic properties analysis 
of dibenzofuran using DFT with B3LYP 
method at 6-311G (d, p) basis set. 

2. Computational Methodology
The quantum calculation of dibenzofuran 
molecule was performed using Gaussian09W 
program together with GaussView v6.0. At 
first, the most optimized structure of the 
title molecule was determined followed 
by the visualization/calculation of highest 
occupied molecular orbital and lowest 
unoccupied molecular orbital (HOMO-
LUMO), global reactivity index, Mulliken 
charges, MEP, ESP, ED and vibrational 
characteristics (FT-IR), using the density 
functional theory (DFT) B3LYP method at 
6-311G (d, p) basis set. Density of state (DOS) 
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spectrum was obtained employing the .log file 
into the GaussSum3.0 program. The relation 
of thermodynamic parameters such as heat 
capacity at constant volume (CV), heat 
capacity at constant pressure (Cp), total 
internal energy (U), enthalpy (H), entropy 
(S) and Gibb’s free energy (G) were 
determined with change in temperature was 
were calculated using Moltran software for 
the .log file from the Gaussian software. 
Koopman’s theorem suggested that HOMO 
and LUMO energies are directly associated 
with ionization potential (I) and electron 
affinity (A) respectively. Ionization energy 
(I) is the amount of energy needed to 
remove an electron from a gaseous atom. 
Similarly, electron affinity (A) is a measure 
of the energy released when an extra 
electron is added to an atom. The relation 
for ionization potential (I) and electron 
affinity (A) are shown below [13]. 
Ionization Potential (I) = -EHOMO                             (1)  
Electron Affinity (A)   = -ELUMO                                            (2)
The relation for chemical Potential (μ) 
and electronegativity (χ) are shown below 
respectively [14].
Chemical potential (μ) = - (I+A)/2                     (3)
Electronegativity (χ)    = (I+A)/2                           (4)
Similarly, the global hardness of the 
molecule is expressed as,
Global Hardness (η)    = (I-A)/2                              (5)
The multiplicative inverse of global 
hardness is softness which is expressed as,
Softness (ζ) = 1/ η                                                   (6)
Furthermore, the relation for electrophilicity 
index (ω) is shown below [15].

Electrophilic Index (ω) = μ2/2η                                 (7)

3. Results and Discussion
3.1 Optimized molecular structure and 
visualization of optimization steps
The ground state optimized geometry 
of dibenzofuran (C12H8O) molecule is 
displayed in Figure 2(a), along with name 
and atomic numbering. Optimization 
energy is the lowest energy for a given 
molecular structure. Energy minimization 
is the essential process to set the proper 
molecular arrangement. The results of the 
total energy optimization process steps of 
C12H8O molecule is shown in Figure 2(b), 
illustrating the relation between total energy 
versus optimization step number. Here 
Figure 2(b) shows the total optimization of 
energy that occurs in seven distinct steps. It 
is seen that the optimization of dibenzofuran 
has begun from energy of -537.382 Hartree. 
In first two steps, the energy abruptly 
decreases up to -537.455 Hartree. Again 
the energy decreases gradually and reaches 
to -537.456 Hartree which is the optimized 
energy of dibenzofuran.

R. Uprety et al.
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Figure 2: (a) Optimized structure and (b) Plot 
for optimization step number vs total energy of 
dibenzofuran

3.2 Highest Occupied Molecular Orbitals 
(HOMO) and Lowest Unoccupied 
Molecular Orbital (LUMO) analysis
The highest energy orbitals with electron 
that have the potential to donate electron 
is termed as HOMO. The lowest energy 
orbitals which can serve as the electron 
acceptor is known as LUMO. The ionization 
potential and electron affinity are directly 
related to HOMO and LUMO respectively. 
High HOMO energy suggests that it has 
higher tendency to donate electron and 
vice versa whereas the lower LUMO 
energy value denotes the greater chance of 
accepting electron. The energy difference 
between HOMO and LUMO is essential 
index which is used to determine electron 
conductivity (mobility). A lower gap value 
denotes a higher electrical transition and 
vice versa [16]. Figure 3 shows the energies 
of two molecular orbitals i.e. HOMO 
and LUMO of dibenzofuran with their 
respective values - 6.265 eV and - 1.237 eV 
and the Energy gap (∆E) = ELUMO - EHOMO = 
5.028 eV. 

Figure 3: The atomic orbital compositions of the 
frontier molecular orbital (HOMO-LUMO)

3.3 Global reactivity parameter
This study offers a variety of chemical 
reactivity indicators in an effort to improve 
our understanding of the characteristics 
of C12H8O. Global reactivity parameter 
such as ionization potential (I), electron 
affinity (A), chemical potential (μ), 
electronegativity (χ), hardness (η),  softness 
(ζ) and electrophilicity index (ω) for the 
dibenzofuran molecule were evaluated. 
The value for Ionization Potential (I) = 
-EHOMO and Electron Affinity (A)   = -ELUMO 
are found to be 6.265 eV and 1.237 eV 
respectively for dibenzofuran. Also, the 
high value for the HOMO-LUMO energy 
gap (i.e. 5.028 eV) suggests the hardness 
of given molecule. Chemical Potential 
(μ) and electronegativity (χ) (negative of 
chemical potential) provide information 
about the nature of chemical interaction. 
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The value for the Chemical potential (μ) 
and Electronegativity (χ) are found to be 
-3.751 eV and 3.751 eV respectively. The 
negative value of chemical potential for 
dibenzofuran indicates that the molecule 
has high stability and doesn’t decompose. 
The value for global hardness (η) and 
softness (ζ) for dibenzofuran are 2.514 
eV and 0.398 (eV)-1 respectively which 
indicates that the dibenzofuran is hard. The 
global electrophilicity index (ω) measures 
the molecule’s ability to donate electrons. 
The value for the electrophilic Index (ω) 
for dibenzofuran is found to be 2.798 eV 
which is greater than 1.5 eV indicating 
strong electrophile. 

3.4 Density of States (DOS)
Figure 4 shows the density of states (DOS) 
spectrum of the dibenzofuran molecule 
obtained using the GaussSum 3.0 program.

Figure 4: DOS spectrum of dibenzofuran molecule

This spectrum is helpful in describing how 
electrons take part in conduction and valence 
bands, and also insights about degeneracy 
(states having same energy level).  As the 
intensity increases, there will be plenty of 
state available for the occupation in the 
specific energy level while the zero DOS 
intensity implies no states are there for 
occupation by the system [17]. In the figure 
4, the energy range denoted by green color 
is known to be occupied, filled, and donor 
orbitals while the energy range denoted by 
red color is known to be virtual, unfilled, 
and acceptor orbitals [18]. The observed 
energy gap in the DOS spectrum for the 
title molecule is 4.992 eV which is almost 
equal to the HOMO-LUMO energy gap i.e. 
5.028 eV and it shows the good agreement 
between them. 

3.5 Mulliken charge
The idea of electrostatic potential beyond 
the molecular surface and the process of 
electronegativity equalization is being 
defined by Mulliken atomic charge 
distribution [19]. The Mulliken charge is 
directly related to the molecule’s vibrational 
characteristics so is co-related with the 
chemical bonds present in a molecule [20]. 
Figure 5 shows the Mulliken charge plot 
of C12H8O. In this plot, we detect that the 
C3 and C7 have the highest positive charge 
while the oxygen atom O21 has the highest 
negative charge. In addition to these, all the 
hydrogen atoms contain positive charge 
and C1, C2, C4, C5, C6, C8, C9, C10, C11 
and C12 have the negative charges in them.

R. Uprety et al.
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Figure 5: Histogram of Mulliken charge distribution 
of each atom in dibenzofuran

3.6 Electrostatic Potential (ESP), 
Molecular Electrostatic Potential (MEP), 
and Electron Density (ED)
Figures 6(a) and 6(b) show the ESP 
mapped on an iso-density surface in 
the range of -7.201e-3 (red) to 7.201e-3 
(blue). The different values of electrostatic 
potential at the surface are represented by 
different colors and increase in the order 
of red<orange<yellow<green<blue. Here, 
the region around the oxygen with the red 
surface (nucleophilic region) suggests the 
negative potential whereas the positive 
potential lies on the remaining surface 
indicating the electrophilic region.

Figure 6: (a) solid view of electrostatic potential 
(b) transparent view of electrostatic potential (c) 
molecular electrostatic potential (d) electron density 
of dibenzofuran

MEP is a very useful tool that helps to 
understand the electrophilic attack and 
nucleophilic reaction as well as gives ideas 
about hydrogen bonding interaction [21]. 
Figures 6(c) shows the MEP plot of C12H8O 
ranging from -2.554e-2 (red) to 2.554e-2 
(blue) and this plot provides an overview 
of the relative polarity of the title molecule 
and relates their value to electron density 
(ED) [22]. Various colors have been used 
to trace MEP surfaces based on ESP. Here 
red symbolizes the most negative potential, 
blue denotes the most positive potential, 
and green symbolizes the zero potential 
region of the C12H8O molecule. We observe 
that in dibenzofuran, negative potential is 
accumulated around oxygen atom while 
positive potential is within hydrogen atom. 
Similarly, negative potential is accumulated 
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inside the benzene ring. Figure 6(d) 
corresponds to electron density plot of 
dibenzofuran and it shows the uniform 
charge distribution.

3.7 Vibrational analysis
IR spectroscopic analysis is carried out to 
analyze the vibrational mode of molecular 
structure. For the molecule with N atoms, 
the highest number of normal modes of 
vibration is equal to (3N-6) [23]. There are 
21 atoms in the C12H8O molecule and hence 
57 modes of vibration are obtained. 

Figure 7 shows the IR spectra of 
dibenzofuran molecule. The C-C stretching 
vibrations is supposed to be in between the 
region 1625-1430 cm-1 in aromatic rings 
[16, 22]. Here the observed peak values 
of FT-IR spectrum are at in 1471 cm-1 and 
1484 cm-1. Many aromatic rings have C-H 
vibrations in the range of 3300-3000 cm-1 

[16, 22]. For this C-H vibration, FT-IR peak 
is observed only in 3191 cm-1.The vibration 
of Carbon Oxygen (C-O) single bond lies 
in the region of 1300-1000 cm-1 [16, 22]. 
For this C-O vibration, the observed peak 
value for FT-IR spectrum related to it is 
1215 cm-1.

Figure 7: FT-IR-spectra of dibenzofuran using DFT 
method

3.8 Thermodynamics Properties analysis
The effect of temperature on common 
statistical thermodynamic functions, 
including heat capacity at constant volume 
(CV), heat capacity at constant pressure 
(CP), internal energy (U), enthalpy (H), 
entropy (S), and Gibbs free energy (G) 
were calculated using Moltran program 
[24]. The thermodynamic parameters were 
obtained based on the vibrational analysis. 
Figure 8(a) gives us information on how Cv 
and Cp change with temperature in the range 
of 10 to 500 K. In this figure, we observe 
that both CP and CV increase with increase 
in temperature and the experimental 
observation also support this trend [25]. 
It is because as the temperature rises, the 
molecular vibration intensities increase, 
leading to an increase in Cv and Cp. Internal 
energy and enthalpy typically rise with 
temperature [26]. Figure 8(b) shows that 
the internal energy (U) and enthalpy (H) 
change along with the rise in temperature. 
Here both the parameters gradually 
increase with increasing temperature. 
This is because the molecular vibration 
increases with temperature resulting in the 
increase of U and H. Similarly, Figure 8(c) 
insight about the relation of entropy (S) and 
Gibbs free energy (G) with temperature. In 
this case, entropy (S) sharply increases up 
to 50K and smoothly increases from 50 K 
to 500 K. However, it is seen that Gibbs 
free energy (G) decreases with increase 
in temperature. It is because Gibbs free 
energy (G) is related to entropy (S) by 
the thermodynamic relation ∆G = ∆H - 
T∆S [27, 28]. So, as entropy increases, 
Gibbs free energy decreases along with 
temperature.  

R. Uprety et al.
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Figure 8: (a) Plots of CP and CV vs temperature (b) plot of 
U and H vs temperature (c) plot of S and G vs temperature

4. Conclusion
In this study we have found molecular 
geometry, electronic structure, global 
reactivity parameter, density of states, 
Mulliken charges, ESP, MEP, ED, 
vibrational analysis and thermodynamic 
properties of dibenzofuran using (DFT) 
B3LYP method at 6-311G (d, p) basis 
set. Here, the optimization energy state 
occurs in seven steps. The frontier orbitals 
(HOMO-LUMO) was studied and their 
energy gap was found to be 5.028 eV. 
Similarly, the value for global reactivity 
parameter such as ionization potential (I), 
electron affinity (A), chemical potential 
(μ), electronegativity (χ), hardness 
(η),  softness (ζ) and electrophilicity index 
(ω) for the dibenzofuran molecule were 
found to be 6.265 eV, 1.237 eV, -3.751 eV, 
3.751 eV, 2.514 eV, 0.398 (eV)-1 and 2.798 
eV respectively. The energy gap 4.992 eV 
from spectra of DOS well coordinates with 
the energy gap observed in the HOMO-
LUMO analysis. The Mulliken atomic 
charges were examined and found that C3 
and C7 have the highest positive charge 
and all the hydrogen atoms contain positive 
charge while the oxygen atom O21 has 
the highest negative charge together with 
some negative charges on C1, C2, C4, C5, 
C6, C8, C9, C10, C11 and C12 atoms. The 
nucleophilic and electrophilic reaction sites 
of the molecule are predicted by the ESP 
and MEP surface. Here oxygen atom site 
represents the nucleophilic region while 
the Hydrogen atom site represents the 
electrophilic region. Electron density plot 
of dibenzofuran shows the uniform charge 
distribution. The observed peak values for 
the FT-IR spectrum for C-C vibrations are 
at 1471 cm-1 and 1484 cm-1, C-H vibration 
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is at 3191 cm-1, and C-O vibration is at 
1215 cm-1.  Relationship between different 
thermodynamic parameters Cv, Cp, U, 
H, S and G with respect to the change in 
temperature have been observed and it 
is found that Cv,  Cp, U, H and S increase 
with rise in temperature from 10 K to 500 
K while G decreases with same increase 
of temperature. Hence the quantum 
calculation performed in the basis set 
helps us to better analyze and understand 
the molecule dynamics and helps in future 
investigation.  
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