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Abstract:
Nanocomposites have attracted great attention due to their outstanding properties compared to bulk
materials for many applications in various fields. However, their computational studies for property
exploration are still at a stage of infancy. So far very few studies have been attempted to study the
quantum chemical parameters of nanocomposites. This article, reports the density functional theory
(DFT) calculations and molecular docking studies to explain important properties of boron-doped
and reduced graphene oxide (rGO) supported nanocomposite (B-CuO/rGO). Parameters including
highest occupied molecular orbital (HOMO) and lowest occupied molecular orbital (LUMO),
energy gap (∆E), absolute hardness (η), absolute softness (σ ), absolute electronegativity (χ),
chemical potential (Pi), global electrophilicity (ω), and additional electronic charge (∆Nmax) were
predicted. Molecular docking was performed against antimicrobial protein target localization of
lipoproteins (LolA) (PDB i.d. 2W7Q) from Pseudomonas aeruginosa and a binding energy of
-11.7 kcal/mol was obtained showing appreciable binding of the nanocomposite with the active site
of the protein.
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1. Introduction

Nanocomposites have received more attention due to their
wide applications in different fields [1–3]. Perhaps the most
widely used matrix for nanocomposite formulation doping
and forming a composite with rGO, which has effective
therapeutic and environmental applications [4]. The struc-
tural stability of rGO is attributed to its mechanical and
optical properties [5]. The incorporation of metallic and
non-metallic oxide-based nanoparticles (NPs) in the rGO
matrix has gained attention due to their innumerable appli-
cations [6]. The antibacterial potential of graphene oxide
(GO) and rGO has also been studied earlier. A previous
study reported that rGO was found to be more toxic than

the GO against Gram-positive Staphylococcus aureus and
Gram-negative Escherichia coli. Furthermore, the better
antibacterial activity of the rGO was attributed to improved
charge transfer between the bacteria and more sharpened
edges of the rGO, during interaction. It was found that the
cell membrane damage was caused by the direct contact of
the bacteria with the extremely sharp edges of nanowalls [7].
Studies have also established that GO can have toxic effects
on cells and organisms, particularly when it is present in
high concentrations. However, the toxicity can vary depend-
ing on factors such as the size, shape, and surface chemistry,
as well as the route of exposure. GO and rGO have been
reported to enhance bacterial toxicity through enhanced
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Figure 1. Interaction diagram of the docked complex.

production of ROS and cause loss of membrane integrity,
and DNA damage in bacterial pathogens [8]. Quantum me-
chanical simulations can be used to assess the structural
characteristics of new materials and also validate the exper-
imental findings. As they are time-effective and accurate,
they have received significant attention [9]. Density func-
tional theory (DFT) based calculations have been used to
explore important properties of nanocomposites. A rela-
tively recent study reported a computational model for TiO2
NPs using the DFT theory [10]. Computational resources
use different theoretical algorithms for the calculation of var-
ious properties using semi-empirical DFT methods which
have emerged as a prominent methodology for structure pre-
diction and to understand mechanistic approaches [11, 12].
The DFT calculations may predict useful properties of nano-
materials, particularly their optical, catalytic, and magnetic
properties. However, they are yet to be explored to be asso-
ciated with their medicinal properties. Molecular docking
is also a versatile method to study the interactions of the
proposed compound against different targets. The interac-
tions of nanostructures with macromolecular target proteins
lead to physiological changes that cause different patho-
logical phenotypes that need more exploration [13]. It is

pertinent to understand the protein-metal binding and the
complex formed during the interaction between nanomate-
rials and the biomolecules and that has led to the utility of
molecular docking which predicts the cooperation affinity
of the protein-metal complex and also the hindrances and
limitations where the binding is not feasible [14]. A re-
cent study reported molecular docking studies of graphene-
based nanocomposite against COVID-19 target proteins
[15]. In this article, DFT and molecular docking studies
of B-CuO/rGO nanocomposite are reported, which have
not been explored previously. The authors have already
reported the synthesis and characterization of the nanocom-
posite previously [6].

2. Material and methods
The DFT calculations were made using the MOPAC soft-
ware. The interaction diagram was generated by Maestro.
The compound was energetically minimized using Avo-
gadro and the trajectory was generated by the MOPAC
module. The results were analyzed using JMOL software.
For molecular docking studies the 3D structure of Pseu-
domonas aeruginosa LolA (PDB ID: 2W7Q) was down-
loaded from the Protein Data Bank (PDB), and the 3D

Figure 2. Interactions between LolA and gentamicin.
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Figure 3. 3D structure of Boron doped CuO/rGO nanocomposite.

structure of the proposed B-CuO/rGO nanocomposite was
drawn on ChemSketch. Molecular docking was done using
Autodock 4.2, a freely available tool for docking analysis,
on an Acer desktop with 8 GB of RAM and an Intel Core
i5-4590 processor running at 3.30 GHz. PyMOL was used
to visualize the docked structure.

3. Results and discussions

3.1 Molecular docking
Molecular docking has emerged as an efficient tool to ex-
plore interesting drug candidates. The tool can also be used
to predict the potential side effects or toxicities [16].

3.1.1 Ligand and protein preparation
In molecular docking, the 3D structure of the ligand and
target molecules are visualized first in their most preferred
binding orientations and then the binding energy released
upon formation of a stable complex is assessed [17]. The
structure of the nanocomposite was drawn on Avogadro
saved in .pdb format and utilized for docking analysis. The
.pdb file of the nanocomposite was converted to .pdbqt for-
mat by the online conversion tool Open Babel [18]. The
3D structure of the target protein was downloaded from
www.rcsb.org. The protein was prepared before docking
and the hetero atoms were removed from the protein struc-
ture, also the proteins were checked for the missing atoms

and repaired. The protein was further prepared by adding hy-
drogen and charges, and the prepared protein was then saved
in the .pdbqt format to be used for the docking. Lamarckian
genetic algorithms (LGA) were used for docking calcula-
tions.

3.1.2 Evaluation of the molecular docking results

The B-CuO/rGO nanocomposite exhibited a binding affinity
of -11.7 kcal/mol against the selected protein. The binding
energies of best-docked compounds usually range between
-8.0 kcal/mol and -11.71 kcal/mol [19]. The interaction
analysis of B-CuO/rGO docked conformers was done to
know the binding pattern and probable interactions with
LolA which is a periplasmic chaperon protein that can ac-
cept lipoproteins released from the inner membrane of a
cell intended for the outer membrane [20]. LolA comprises
of five different proteins viz. olA- LolE (1) LolCDE, an
ATP-binding cassette transporter which newly synthesized
lipoproteins that are destined for the outer membrane. Lol-
CDE enhances the detachment of these lipoproteins from
the inner membrane in the presence of LolA which forms
a soluble complex with a lipoprotein to move it through
the periplasmic space to reach LolB, a lipoprotein receptor
[21]. The potential B- CuO/rGO nanocomposite binding
sites in the protein pocket are shown in Figure 1. Molecular
docking results showed that the nanocomposite can act as

Table 1. Parameters reflecting the reactivity and the stability of nanocomposite.

Parameters DFT
B-CuO/rGO

Ionization potential (eV) 7.246138
HOMO energy (eV) -7.246
LUMO energy (eV) -4.038
∆E (ev) 3.208
χ (eV) 5.642
η (eV) 1.604
σ (eV) 0.62344
Pi (eV) -5.642
ω (eV) 15.916082
∆Nmax 3.5174
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a ligand with the chosen microbial protein that acts as a
receptor [15, 22].
The docking results of rGO were also compared with gen-
tamicin (standard antibacterial drug). The docking score
of gentamicin was found to be -9.67 kcal/mol, which was
lower than the nanocomposite. Figure 2 shows the interac-
tions between the selected protein and gentamicin.

3.2 DFT analysis
DFT analysis as depicted in Table 1 shows the calculated
parameters that reflect the reactivity and the stability of
the B-CuO/rGO nanocomposite. These parameters were
calculated via the Equations 1-7.

∆E = ELUMO −EHOMO (1)

χ =−1
2
(EHOMO +ELUMO) (2)

η =
1
2
(ELUMO −EHOMO) (3)

σ =
1
η

(4)

Pi =−X (5)

ω =
Pi2

2
(6)

∆Nmax =−Pi
η

(7)

Figure 3 shows the 3D structure of the B-CuO/rGO
nanocomposite used for DFT analysis. The energy dif-
ference between HOMO and LUMO was found to be 3.2
eV and was related to the bioactivity and stability of the
nanocomposite because of n-π* and π-π* transitions due to
the presence of C-C bonds and C=O group as reported previ-
ously [23, 24]. A previous study showed the size-dependent
changes in the Density of States (DOS) of the nanocrys-
talline CdSe and the HOMO-LUMO energy gap revealed
that the appearance of the discrete energy bands is due to
the decrease in size and dimension [25]. The quantum con-
finement effect can give an insight into the optoelectronic
and semiconducting properties of the NPs. Studying the 3D
structure of B-CuO/rGO is important for drug design and un-
derstanding various therapeutic applications, as it has been
previously shown that B-CuO and rGO both exhibit excel-
lent biological activity [26]. General reactivity descriptors
were found to be consistent with previous reports [27]. The
order of stability also correlated with the overall hardness
of the molecule (stability decreases as stiffness decreases),
the value 1.604 eV indicated the increased stability of the
B-CuO/rGO nanocomposite in line with previous literature
[22, 28]. The important parameters which were calculated
are discussed below:

3.2.1 HOMO-LUMO gap
The analysis of the HOMO-LUMO gap in various nanocom-
posites offers valuable insights into their electrical charac-
teristics. The HOMO and LUMO gap in the nanocomposite
was observed to be 3.208 eV. The HOMO–LUMO gap of
a semiconductor nanocrystal is directly proportional to its

size. With the decreasing size of the nanomaterials, the en-
ergy separation between the band-edge levels also increases.
The electron affinity (EA) is also directly related to the en-
ergy of the LUMO because it inclines towards accepting
electrons and therefore acts as an electron acceptor [29].

3.2.2 Ionization potential (IP)
The ionization potential (IP) is directly proportional to the
HOMO energy as the HOMO orbital tends to donate elec-
trons and therefore acts as an electron donor [30, 31]. The
ionization potential refers to the energy required to separate
the electron from the cluster. The IP of the B-CuO/rGO
nanocomposite was found to be 7.24 eV showing that it may
take part in the chemical reactions.

3.2.3 Absolute hardness and softness
The hardness is inversely proportional to the softness which
is a property of a molecule that measures the extent of chem-
ical reactivity. η and S are associated with the energy gap.
Molecules with high energy gaps are generally hard, while
those with small energy gaps are soft. The absolute hard-
ness and softness of the nanocomposite were observed to
be 1.6 and 0.62 eV respectively. The hardness and softness
were calculated for the polarization of the nanocomposite
showed it to be a hard acid.

3.2.4 Absolute electronegativity
Electronegativity measures the power of an atom to attract
electrons to it. Chemical potential on the other hand bears an
inverse relationship with electronegativity. The calculated
absolute electronegativity of B-CuO/rGO nanocomposite
was 5.642 inferring that the nanocomposite was highly po-
lar.

4. Conclusion
In this article, we have successfully studied the B-CuO/rGO
nanocomposite, called the DFT-based definition concept
and molecular docking. It is very important to comprehend
the protein-metal binding and the complex formed during
the interaction between nanomaterials and the biomolecules
and that has led to the utility of molecular docking which
predicts the cooperation affinity of the protein-metal
complex and also the hindrances and limitations where the
binding is not feasible. For the biomedical applications of
nanomaterials, the applications of molecular docking are
numerous, yet under-explored. From our calculations, it can
be seen that the proposed B-CuO/rGO nanocomposite can
be studied for medicinal and photocatalytic applications.
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