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A B S T R A C T 

One of the most important areas of research to address the deterioration of 
metal surfaces in various settings is corrosion inhibition. The effectiveness of 
amoxicillin as a corrosion inhibitor on Fe (111), Al (110), and Cu (110) surfaces 
was investigated in this work using simulation techniques and Density 
Functional Theory (DFT). Using extensive computer simulations, we identified 
the key chemical reactions and energy processes that control the inhibitory 
pathway. Our results highlight the critical roles that the electrophilic site O22 
and the Fukui nucleophilic site C2, S7 play in mediating the inhibitory pathway. 
Furthermore, the binding energies of -50.65, -38.97, and -43.24 for the Fe (111), 
Al (110), and Cu (110) surfaces, respectively, demonstrate the high affinity of 
amoxicillin for these substrates. In addition, the energies of -5.608 HOMO and -
1.873 LUMO provide information on the electrical properties that support the 
inhibition process. When taken as a whole, these findings provide light on the 
molecular mechanisms by which amoxicillin inhibits corrosion, providing 
important information for the development of new materials and corrosion-
resistant techniques. Interestingly, the Fe-amoxicillin interaction shows more 
potential than the Al-Cu interaction. In conclusion, the molecule amoxicillin had 
a mild inhibition in the order Fe(111) >Al(110)> Cu(110) also inhibiting a 
physisorption on both surfaces of Fe(111), Al(110), and Cu(110). 

  

Introduction 

 etal corrosion is still a major 
problem in many different 
sectors, resulting in large 
financial losses and 
environmental issues. The hunt 

for efficient corrosion inhibitors has been more 
intense in recent years, with an emphasis on 
sustainable and eco-friendly materials [1-3]. 
Because of their multiple chemical functions, 
organic molecules have become attractive 
options for corrosion inhibition, assisting in 
lessening the impact of corrosion on metals. M 
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 The commonly used antibiotic amoxicillin has 
demonstrated remarkable promise because of 
its molecular structure, which includes 
heteroatoms—functional groups that may build 
protective coatings on metal surfaces. 
Corrosion is the term used to describe the 
deterioration of materials due to chemical 
processes, which usually include oxidation in 
the presence of air and water [4-5]. In addition, 
it happens when materials come into contact 
with acidic or basic corrosive chemicals [1]. The 
impacted material's physical characteristics 
change as corrosion worsens. Corrosion is 
sometimes referred to as erosion and may 
occur in materials other than metals, including 
plastic and wood [6]. Certain materials have a 
strong corrosion resistance, such as stainless 
steel [7]. On the other hand, aluminum oxide 
quickly coats the metal when it comes into 
contact with air. Although this oxide layer is 
usually just a few nanometers thick, it offers 
some corrosion protection by acting as a 
barrier to more oxidation. Compared to the 
passive oxide layers that develop on corrosion-
resistant metals like stainless steel, it is not as 
durable. As a result, aluminum is prone to 
corrosion in some conditions, especially those 
with a lot of moisture or acidic environment [8-
9]. 

Therefore, metals that are prone to corrosion 
can be shielded by protective techniques like 
plating and coating. Moreover, compressed 
oxide layer glazes produced by high-
temperature corrosion may, under some 
circumstances, lessen metal wear [10]. Density 
functional theory is a commonly utilized 
approach in materials research because it 
provides an accurate research study by 
explaining the corrosion study of Al, Fe, and Cu. 
The study of materials science has undergone a 
revolutionary transformation because of 
Density Functional Theory (DFT), which offers 
a strong foundation for comprehending the 
atomic-level electrical structure and 
characteristics of materials. DFT provides an 
effective method for examining the adsorption 
behavior of molecules on metal surfaces in the 
context of corrosion prevention, allowing 
predictions of adsorption energies, charge 
transfer, and surface reactivity [11-12]. The 

dynamic behavior of molecules on metal 
surfaces under realistic environmental 
circumstances, such as variations in 
temperature and pressure, is captured by 
molecular dynamics (MD) simulations, which 
are a useful tool to supplement DFT 
computations. 

We hypothesize that amoxicillin molecules 
will adsorb on the metal surfaces via specific 
functional groups, forming protective barriers 
against corrosive materials. The adsorption 
behavior and effectiveness of amoxicillin are 
expected to vary among the three metal 
surfaces due to differences in surface 
properties of the metals. Understanding the 
corrosion inhibition properties of amoxicillin 
on metal surfaces holds significant implications 
for the development of novel corrosion 
protection strategies. By elucidating the 
underlying mechanisms governing the 
interaction between Amoxicillin molecules and 
metal surfaces. This study is aim to contribute 
to the design of environmentally friendly and 
sustainable corrosion inhibitors with enhanced 
performance and stability. Also, it aims to 
clarify amoxicillin's potential as a corrosion 
inhibitor and offer insightful information on 
how it adsorbs on various metal surfaces. We 
hope to improve knowledge of interactions 
between organic molecules and metal surfaces 
by fusing theoretical calculations with 
molecular simulations. This will help create 
corrosion techniques that work in corrosion 
inhibition. In their independent investigations, 
Boyuan et al. and Ayaba et al. [1,13] found that 
the mild steel surface and the molecule had a 
moderately high inhibition efficiency. They also 
achieved a moderate corrosion inhibition of 
expired amoxicillin in HCl concentration. In 
addition, Eddy et al. and Abdulfatai et al. used 
the DFT approach to study the molecule and 
determine the locations of electrophilic and 
nucleophilic assaults [1,8-10]. The study's gap 
revealed that mild steel (Fe) has always been 
the focus of research, rather than the molecule 
being examined and theoretically or empirically 
compared with other surfaces like Cu and Al.  

In this study, using a computational approach, 
a comparative analysis of the corrosion 
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 inhibition properties of amoxicillin on Al (110), 
Fe (111), and Cu(110) surfaces will be 
conducted. The goal is to determine which 
surface amoxicillin tends to be effective on and, 
using Fukui functions, to illustrate the 
molecular mechanism. 

 

Scheme 1: Structure of amoxicillin. 

Theoretical Methods 

Sketching of the studied molecules 

 The 2D Amoxicillin molecular structure was 
sketched using Chem Draw Ultra 7.0.3 from 
CambridgeSoft and was optimized using DMol3, 
a tool included in the BIOVIA Materials Studio 
8.0 program from Accelrys, Inc. This is to 
ensure that the molecules had a stable 
geometry and obtained minimum amount of 
energy possible. Before establishing the stable 
geometry of the Amoxicillin, the molecule 
imported from ChemDraw Ultra 7.0.3 
CambridgeSoft to BIOVIA Materials studio 8.0 
(Accelrys, Inc.) was optimized through the local 
density function B3LYP utilizing DFT under 
restricted spin polarization DNP basis in gas 
phase [12-13]. 

Quantum chemical parameters calculations 

 The quantum chemical calculation was 
performed using a DMol3 module in the BIOVIA 
Material Studio 8.0 program (Accelrys, Inc.) 
with underlying fundamentals of Density 
Functional Theory (DFT). The B3LYP function 
was used to calculate the parameters with the 
basis set to "double-numeric polarization" 
(DNP) in the gas phase model [13-16]. The 
ionization energy (IE), electron affinity (AE), 
and other functions that characterize the 
molecule's reaction behavior as well as other 
aspects of its global and local reactivity were 
calculated, as shown by Equations (1)-(11), in 
line with the expanded theorem of Koopman. 

The initial electron distribution in the molecule 
and the local reactivity computation of the 
Fukui function f(r) from ab-initio quantum 
chemistry are described by the following 
equations [17-20]: 

IE: Ionization energy (eV) IE = −EHOMO           (1) 

AE: Electron affinity (eV) AE = −ELUMO            (2) 

ΔEg: Energy gap (eV) ΔEg = ELUMO−EHOMO        (3) 

χ: absolute electronegativity (eV) χ =
𝐼𝐸+𝐴𝐸

2
 

=−
(𝐸𝐻𝑂𝑀𝑂+ 𝐸𝐿𝑈𝑀𝑂)

2
                                                    (4) 

ղ: global hardness (eV) ղ = 
𝐼𝐸−𝐴𝐸

2
 = 

(𝐸𝐿𝑈𝑀𝑂−𝐸𝐻𝑂𝑀𝑂)

2
                                                           (5) 

σ: global softness (eV)-1 𝜎 =  
1

𝜂
=

−
2

𝐸𝐻𝑂𝑀𝑂− 𝐸𝐿𝑈𝑀𝑂
                                        (6) 

ω: global electrophilicity index (eV) 𝜔 =
µ2

2η
 =

𝜒2

2𝜂
                                                              (7) 

µ: chemical potential (Debye) µ ≈ -
1

2
(𝐼𝐸 + 𝐴𝐸) =  

1

2
(ELUMO+EHOMO)                           (8) 

𝛆: nucleophilicity(eV)-1𝜀 =
1

𝜔
                             (9) 

ΔEb-d: Energy of back donation ∆𝐸𝑏−𝑑 =  −
𝜂

4
=

 
1

8
(𝐸𝐻𝑂𝑀𝑂 −  𝐸𝐿𝑈𝑀𝑂)                                             (10) 

ΔN: Fraction of electron(s) transfer ΔN = 
𝜒𝐹𝑒−𝜒𝐼𝑛ℎ.

2(ղ𝐹𝑒+ղ𝐼𝑛ℎ)
                                                                (11) 

The absolute hardness, represented by ηFe, 
ηAl, ηCu, and ηinh, is also the inhibitor 
molecule's, on the other hand, the absolute 
electronegativity of Fe, Al, Cu, and the inhibitor 
molecule's Eigen values are represented by χFe, 
χAl, \Cu, and χinh. According to theory, the 
global hardness of the surfaces of iron, 
aluminum, and copper is ηFe = 0 eV, ηAl = 5.6 
eV, and ηCu = 4.5 eV, respectively, and the 
electronegativity of bulk iron is \Fe = 7.0 eV, ·Al 
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 = 5.6 eV, and ηCu = 4.5 eV, assuming that the 
metallic bulk has a higher density than neutral 
metallic atoms [21-24]. The distinction between 
nucleophilic and electrophilic local Fukui 
functions is the definition of the Fukui second 
function (f2), another global descriptor that is 
also known as the dual descriptor Δf(k). 
According to the Fukui behavior of the atoms, 
these functions also determine the 
electrophilicity or nucleophilicity of molecules 
[25]. If f2(r) > 0, site k favors a nucleophilic 
attack; if f2(r) < 0, site k favors an electrophilic 
attack. Accordingly, f2(r) serves as a selectivity 
index for attacks that are electrophilic or 
nucleophilic. 

𝑓(𝑘)+ =  𝑞𝑘(𝑁 + 1) − 𝑞𝑘(𝑁) (for nucleophilic 
attack)                                                                      (12) 

𝑓(𝑘)- = 𝑞𝑘(𝑁) − 𝑞𝑘(𝑁 − 1) (for electrophilic 
attack)                                                                      (13) 

𝑓(k)0 =
𝑞𝑘(𝑁+1)−𝑞𝑘(𝑁−1)

2
 (for radical attack)                                                                                                         

(14) 

𝛥𝑓(𝑘) = 𝑓+-𝑓- = 𝑓2 (Fukui function)             (15) 

Where, N is the number of electrons in the 
molecule, N+1 is an anion with an electron 
added to the LUMO of the neutral molecule, and 
N-1 is a cation with an electron removed from 
the HOMO of the neutral molecule, qk is the 
gross charge of atom k in the molecule, which is 
the electron density at a point r in space around 
the molecule. The ground state geometry 
served as the basis for all calculations. Using an 
atomic charge partitioning scheme, such as 
Mulliken population analysis in Equations, 
these functions were condensed to the nuclei of 
the atoms [26-27]. 

Molecular dynamic simulations 

 A high stability quench adsorption approach 
was used to replicate the studied Amoxicillin 
molecule on a surface composed of closely 
spaced Fe (111), Al(110), and Cu(110) atoms. 
The FORCITE tool package, integrated inside 
the BIOVIA Materials Studio 8.0 software 
(Accelrys, Inc.), was utilized in the simulation 
process. The condensed-phase optimized 

molecular potentials for atomistic simulation 
studies (COMPASS) force field tool and the 
Smart algorithm approach were used in a 
simulation box measuring 17Å x 12Å x 28Å to 
execute computations in order to model a 
representative area of the surface [28]. The Fe 
crystal was cleaved across by the (111) plane at 
a fractional depth of 3.0 Å. The bottom layers' 
form was constrained before the surfaces were 
optimized to avoid edge effects caused by the 
sizes of the molecules. A 5 x 4 supercell was 
then created by enlarging the surfaces. By 
maintaining the temperature at 350K, a 
compromise was achieved between a system 
with excessive kinetic energy, in which the 
molecule desorbs from the surface, and a 
system with inadequate kinetic energy, in 
which the molecule is unable to travel across 
the surface [13,23]. With a simulation length of 
5 ps and a time step of 1 fs, the temperature 
was set using the NVE (microcanonical) 
ensemble. It was envisaged that the process 
quenches every 250 steps for a total of 5000 
cycles to ascertain the statistical values of the 
energies on the surfaces of the iron (111) 
crystal. The lowest energy interactions of the 
molecules were found using FORCITE geometry 
optimized geometries of the molecules and the 
Fe (111) surfaces [3-4,10,14,23]. Equations (16-
17) were used to determine the adsorption and 
binding energies between the pyrimidine 
derivatives and the Fe (111) surface. 

EA = ET – (EI + ES)                                                 (16) 

EB = - EA                                                                  (17) 

Where, EA is the adsorption energy, ET is the 
combined energy of the molecule and the iron 
surface, ES is the energy of the iron surface, EI is 
the energy of the inhibitor molecule without the 
iron surface and EB is the binding energy 
[23,29]. 

Result 

 Geometry optimization involves finding the 
arrangement of atoms that minimizes the total 
energy of the system according to the laws of 
quantum mechanics. This process typically 
involves iteratively adjusting the positions of 
atoms until the forces on each atom become 
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 sufficiently small, indicating that the structure 
has reached a stable configuration [10,12,23]. 
The optimized geometry obtained from DFT 
calculations provides valuable insights into 
molecular structure, reactivity, and properties, 
enabling researchers to make predictions and 
interpretations that guide experimental 
investigations in fields ranging from chemistry 
to materials science [30]. Based on the result, 
the electron density of the molecule amoxicillin 
cover the entire molecule which indicated that 
the reaction of the molecule can occur at all 
points within the molecule [15-19]. The Homo 
orbital occurs at Amino and hydroxyl-phenyl 
group and the LUMO occurs at dimethyl-6-
methylamino-7-oxo-4-thia-1-aza-bicyclo acid 
part of the molecule. This is equivalent to a 
study by Belghiti, et al. on some of the organic 
molecules [30]. 

Quantum energies 

In quantum chemistry, the idea of the Highest 
Occupied Molecular Orbital (HOMO) energy is 
crucial, especially when considering Density 
Functional Theory (DFT). It stands for the 

energy of the maximum energy orbital that an 
electron in a solid or molecule may occupy [31]. 
For example, in organic chemistry, it is 
frequently associated with a molecule's 
capacity to donate electrons and its inclination 
to participate in chemical processes. The HOMO 
energy is associated with charge transport 
characteristics and electronic structure in 
materials science [32]. In DFT computations, 
the electronic structure of the system is 
obtained by solving the Kohn-Sham equations, 
which leads to the HOMO energy. It helps with 
the interpretation of experimental data and the 
creation of novel materials with desired 
features by offering insights into the behavior 
of electrons and their interactions inside the 
material [12-13]. 

HOMO energy and ionization energy 

Although the particular context of the system 
under study heavily influences the relevance of 
the Highest Occupied Molecular Orbital 
(HOMO) energy and its threshold, the following 
general principles apply: 

 

 

Figure 1: Optimization geometry, Electron density, Homo, and LUMO orbitals of amoxicillin. 

Table 1: Frontier energies of the molecule amoxicillin 

Energy parameters Enrgy (eV) Energy parameters Enrgy (eV) 

EHOMO (eV) -5.608 σ (eV)-1 0.535 

ELUMO (eV) -1.873 ∆NFe 3.044 

∆E (eV) 3.774 ∆NAl 1.736 
IE (eV) 5.608 ∆NCu 0.662 
AE (eV) 1.873 ω (eV) 3.746 

χ (eV) 3.741 ∆Eb-d (eV) -0.467 

ղ (eV) 1.868 ε (eV)-1 0.267 
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 The energy needed to remove an electron 
from the highest occupied orbital is known as 
the ionization potential, or HOMO energy [33–
34]. In this way, the initiation of ionization 
processes is frequently linked to the HOMO 
energy threshold. Electrons in a molecule or 
substance can be easily stimulated or extracted 
when the energy of the HOMO is exceeded by an 
external energy source [12]. The chemical 
reactivity of molecules is influenced by the 
HOMO energy. A molecule is more reactive as a 
reducing agent or in nucleophilic processes 
when its HOMO energy is lower, which 
indicates a higher probability of electron 
donation [34]. On the other hand, lower 
reactivity in these areas is indicated by a larger 
HOMO energy. The value of EHOMO in Table 1 
for this study was -5.608eV, indicating that 
amoxicillin might react and lessen the effect of 
corrosion on the metals under investigation's 
surface. In addition, the simulation process's 
binding energies on the surfaces attest to the 
molecule's capacity to minimize surface 
corrosion. This is in line with the findings of 
Abdulfatai et al. [10] for a few organic 
materials. High HOMO energy molecules or 
materials typically have shorter bandgaps, 
which improve conductivity. Determining the 
electrical characteristics of semiconductors and 
organic electronics requires knowledge of the 
HOMO energy threshold [12]. 

LUMO energy and electron affinity 

The lowest unoccupied orbital energy level in 
an element or molecule is represented by the 
LUMO energy [12]. The LUMO energy is the 
amount of energy required to transfer an 
electron from the highest occupied molecular 
orbital (HOMO) to this orbital. A low LUMO 
energy means that the orbital is closer to the 
HOMO in energy, which makes it easier for the 
molecule to absorb an electron from the metal 
surface [35]. The molecule Amoxicillin in Table 
1 had an ELUMO of 1.873 eV based on the 
results of the EHOMO and ELUMO 
measurements. The molecule can have an 
adsorption or bon connection between its 
surface and itself to create an environment that 
prevents corrosion in the metals under study. 
Electron affinity is the energy shift that occurs 

when an electron is added to a neutral atom or 
molecule to form a negative ion [36]. Higher 
electron affinity, on the other hand, suggests a 
stronger attraction for an additional electron, 
whereas lower electron affinity indicates a 
weaker attraction [10–13]. 

A lower LUMO energy is often correlated with 
a greater electron affinity in the context of the 
link between LUMO energy and electron affinity 
[37]. The reason for this is that a lower LUMO 
energy indicates that the orbital is more 
energetically advantageous for the molecule or 
material to take an extra electron since it is 
closer to the vacuum level or the energy of an 
incoming electron [15]. 

Energy gap (∆Eg) 

The difference in energy between the HOMO 
and LUMO, known as the HOMO-LUMO gap, can 
be utilized to predict the strength and stability 
of a transition metal complex. A larger HOMO-
LUMO gap in a compound indicates greater 
stability. Based on Table 1, it is evident that the 
energy gap of amoxicillin was 3.774 eV lower 
than that of Kumar, Shallangwa et al. (2013). 
This indicate that, the molecule Amoxicillin is 
flexible in terms of transfer of electrons from its 
molecule to the metal surface with ease [45,51]. 

Electronegativity (χ) 

Through its impact on the adsorption of 
inhibitor molecules onto the metal surface, 
their electrical interactions with the metal, and 
the stability of the inhibitor in the corrosive 
environment, electronegativity influences 
corrosion inhibition. Stronger interactions 
between molecules and metal surfaces are the 
outcome of higher electronegativity molecules' 
ability to attract electrons, which improves 
corrosion inhibition. The electron 
electronegativity value in Table 1 indicates a 
significant potential for amoxicillin to interact 
with the surfaces, which is further confirmed by 
this greater interaction increasing the 
inhibitor's adsorption into the metal surface. 
Effective corrosion inhibitors are molecules 
with increased electronegativity because they 



 

  
 

33 

 

2024, Volume 5, Issue 1 

 often show better adsorption, improved 
electronic effects, and greater stability [12]. 

Global hardness (η) and global softness (S) 

Global hardness (η) is a measure of the 
resistance of a molecule to charge transfer [13]. 
It represents the energy required to remove or 
add an electron to the molecule [36]. Molecules 
with high global hardness are relatively 
resistant to electron transfer and tend to have 
stable electronic structures [37]. In the context 
of corrosion inhibition, inhibitors with higher 
global hardness values do form more stable 
interactions with the metal surface, leading to 
better protection against corrosion [7-8]. As 
indicated in the Table 1, the stable interaction 
can involve the formation of coordinate bonds 
between the inhibitor molecule and the metal 
surface, which can prevent the access of 
corrosive species to the metal surface. Global 
softness (S) is the inverse of global hardness 
and represents the ease with which a molecule 
can accept or donate electrons [12]. Molecules 
with high global softness values have low 
resistance to charge transfer and may exhibit 
more reactivity [38]. According to Afandiyeva et 
al. [39], inhibitors with higher global softness 
values are more likely to interact chemically 
with corrosive species in the context of 
corrosion inhibition. This results in the 
formation of stable products on the metal 
surface, which effectively prevents corrosion. 
On the other hand, over-reactivity may also 
cause the inhibitor to gradually decrease its 
proficiency. A molecule's overall softness and 
hardness determine how effective it interacts 
with metal surface, which in turn affects how 
effective the molecule is as a corrosion inhibitor 
[40]. Molecules with higher global hardness 
values tend to form more stable interactions 
with the metal surface, while those with higher 
global softness values may exhibit greater 
reactivity towards corrosive species. Both 
properties play important roles in determining 
the corrosion inhibition efficiency of a molecule 
[41]. 

Electrophilicity index(ω), Nucleophilicity(ε), and 
electrophilicity (1/ω) 

Electrophilicity index (ω) denotes a molecule's 
capacity to receive electrons. Nucleophilicity 
(ε), which is the inverse of electrophilicity 
(1/ω), refers to a molecule's propensity to 
donate or exchange electrons electrophilicity 
index (ω) and nucleophilicity (ε) provide 
quantitative measures of electron-accepting 
and electron-donating abilities, respectively, 
which are crucial for understanding and 
predicting reactivity in organic chemistry. In 
Table 1 of the studied molecule amoxicillin, the 
values of the parameters are in good 
relationship with each other [16,35]. 

Fraction of electrons transferred (ΔN) 

 The fraction of electrons transferred (ΔN) is a 
crucial parameter in understanding the 
mechanism of corrosion inhibition by organic 
molecules on metals. It quantifies the degree of 
charge transfer between the inhibitor molecule 
and the metal surface during the inhibition 
process. When an organic inhibitor molecule 
adsorbs onto the metal surface, it can donate or 
accept electrons from the metal atoms, 
depending on the electronic structure of the 
inhibitor and the metal [39-43]. The fraction of 
electrons transferred (ΔN) quantifies this 
electron transfer process [12]. The extent of 
(ΔN) affects the charge density on the metal 
surface and the inhibitor molecule. A higher 
(ΔN) value indicates a greater transfer of charge 
from the metal to the inhibitor or vice versa 
[15-24]. This charge redistribution can lead to 
changes in the electronic structure of the metal 
surface, making it less susceptible to corrosion 
by inhibiting the initiation of corrosion 
processes such as metal dissolution or oxygen 
reduction [44]. 

In Table 1, fraction of electrons transferred 
(ΔN) was in the order of ∆NFe>∆NAl>∆NCu 
with the values: 3.044>1.736>0.662 
respectively it is demonstrated graphically in 
Figure 3. This shows that the transfer or charge 
exchange between the molecule amoxicillin will 
be massive between Fe-amoxicillin more than 
Al-amoxicillin and Cu- Amoxicillin. According to 
Ayuba et al., Singh et al., Lukovitt et al., Belghiti 
et al., Nyijime et al. [13-16], if the value of 
fraction of electrons transferred (ΔN) is less 
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 than 3.6, and then the inhibition efficiency of 
the inhibitor molecules increases with electron 
releasing ability on metal surface.  

Back donation (ΔEb-d) 

Back donation (∆Eb-d) refers to the transfer of 
electrons from the metal surface back to the 
inhibitor molecule in a corrosion inhibition 
process [12]. This phenomenon is particularly 
relevant in the context of coordination 
complexes formed between metal surfaces and 
inhibitor molecules. When an inhibitor 
molecule adsorbs onto a metal surface, it can 
form coordination bonds with metal atoms 
[17]. In some cases, electrons from the metal 
surface can be donated back to the inhibitor 
molecule, leading to a modification of its 
electronic structure [16]. This back donation 

(∆Eb-d) affects the stability and reactivity of the 
inhibitor molecule on the metal surface. While 
back donation may stabilize the inhibitor 
molecule on the metal surface, excessive 
electron transfer back to the inhibitor may 
weaken its adsorption and decrease its 
effectiveness as a corrosion inhibitor 
[13,23,25]. Coordination complexes formed 
between the metal and inhibitor molecules 
through back donation may contribute to the 
formation of a stable and uniform film, 
providing effective corrosion protection by 
preventing the access of corrosive species to 
the metal surface [12-13]. Its impact on 
corrosion inhibition depends on the balance 
between stabilizing the inhibitor molecule and 
maintaining its reactivity towards corrosive 
species.  

Table 2: Fukui result of the amoxicillin molecule 

Atom  F(+) F(-) f(2) Atom  F(+) F(-) f(2) 

O(1) 0.001 0.121 -0.12 N(14) 0.063 0.005 0.058 

C(2) 0.005 0.124 -0.119 C(15) 0.037 -0.007 0.044 

C(3) -0.002 -0.024 0.022 C(16) 0.034 -0.002 0.036 

C(4) -0.008 -0.034 0.026 C(17) 0.032 0.007 0.025 

C(5) -0.005 -0.007 0.002 C(18) 0.037 -0.002 0.039 

C(6) -0.008 -0.007 -0.001 O(19) 0.102 0.003 0.099 

S(7) 0.026 0.121 -0.095 C(20) 0.059 0.003 0.056 

C(8) -0.002 0.014 -0.016 C(21) 0.032 0.008 0.024 

C(9) 0.002 0.037 -0.035 O(22) 0.111 0.026 0.085 

C(10) -0.006 0.005 -0.011 N(23) 0.001 0.027 -0.026 

N(11) 0.015 -0.007 0.022 C(24) 0.003 0.075 -0.072 

C(12) 0.036 0.03 0.006 O(25) 0.017 0.073 -0.056 

C(13) -0.008 -0.003 -0.005 O(26) 0.004 0.061 -0.057 

 

 

Figure 2: Graphical representation of Fukui values and Fukui second function. 
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 Fukui function, often used to identify the 
reactivity sites in molecules, can also provide 
insights into the corrosion inhibition of organic 
molecules on metals [13,45]. Fukui functions, 
such as the Fukui electrophilicity index and the 
Fukui nucleophilicity index, are derived from 
conceptual density functional theory (DFT) and 
are used to predict the regions of a molecule 
that are most susceptible to electrophilic or 
nucleophilic attack [46]. Fukui functions can 
identify the most reactive or susceptible sites in 
an organic molecule towards electrophilic or 
nucleophilic attack [47-48]. In the context of 
corrosion inhibition, these active sites can 
correspond to regions of the inhibitor molecule 
that are likely to interact with the metal surface 
or corrosive species. Active sites identified by 

Fukui functions exhibit stronger interactions 
with the metal surface due to their reactivity 
[49]. Molecules containing these active sites 
according to Ayubal et al. [13] adsorb strongly 
onto the metal surface forming a protective 
barrier that inhibits corrosion processes. Based 
on Table 2, the molecule amoxicillin has its 
highest Fukui nucleophilicity index on C (2) and 
Fukui electrophilicity index on O (22) which 
shows that these sights on the molecule are 
more reactive and more prompt to donate and 
accept electron from the metal surfaces [50]. 
Figure 2 present the Fukui second function and 
the Fukui positive and negative index where 
O22 and C2 indicate a higher active sight on the 
molecule. 

 

Figure 3: The Fraction of electrons transferred (ΔN) of Fe, Al, and Cu. 

Table 3: Adsorption energy of the molecule when simulated on the Fe-surface, Al-surface, and Cu-surface 
Surface Binding energy 

(kcalmol-1)  
Total energy 
 of molecule 
(kcalmol-1) 

Total potential 
energy of molecule 

(kcalmol-1) 

Total  
kinetic energy  

(kcalmol-1) 
Al(110) -38.97 ± 0.0135 0.00 ± 0.00 26.93 ± 0.0027 27.85 ± 10.49 
Fe(111) -50.65 ± 2.65 0.00 ± 0.00 -16.63 ± 2.07 44.88 ± 3.32 
Cu(110) -43.24 ± 0.016 0.00 ± 0.00 20.18 ± 0.0026 27.96 ± 10.06 

 

 

Figure 4: Binding energy, total potential energy of molecule, and total energy of amoxicillin on the surface of 
metal (Fe, Al, and Cu). 
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Figure 5: Amoxicillin molecule on the surface of metals (Fe, Al, and Cu) top view and side view.
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 Molecular dynamics (MD) simulation is a 
computational technique used to model the 
behavior of atoms and molecules over time 
[51]. In corrosion inhibition studies, MD 
simulations are employed to investigate the 
adsorption behavior of inhibitor molecules on 
metal surfaces and assess their effectiveness in 
preventing corrosion. Molecular dynamics 
simulation in this research was performed 
using Forcite tool packages. The metal surfaces 
were modeled as a periodic array of atoms in a 
simulation cell, while the inhibitor molecule 
was introduced into the system. The result 
obtained showed that, The binding energies 
obtained for the inhibitor molecules on 
Fe(111), Cu(110), and Al(110) surfaces are -
50.65(kcalmol-1), -43.24(kcalmol-1), and -
38.97(kcalmol-1), respectively as also 
demonstrated in Figure 4. The highest binding 
energy is observed for Fe(111), indicating that 
the inhibitor molecule has the strongest affinity 
for iron surfaces. The lowest binding energy is 
observed for Al(110), suggesting that the 
inhibitor molecule has the weakest interaction 
with aluminum surfaces. The binding energy on 
Cu(110) falls between that of Fe(111) and 
Al(110), indicating intermediate affinity for 
copper surfaces. The binding energies obtained 
by the molecules during simulation on the 
surfaces (-50.65 kcalmol-1 on Fe(111), -43.24 
(kcalmol-1) on Cu(110), and -38.97 (kcalmol-1) 
on Al(110)) serve as indicators of the intensity 
of interaction between amoxicillin molecule 
and the specific metal surfaces. A diminished 
binding energy implies a less robust 
interaction, potentially indicating reduced 
efficacy in corrosion inhibition [1]. Findings 
involve looking at similar studies where 
molecular dynamics simulations were 
employed to investigate the corrosion 
inhibition properties of amoxicillin on metal 
surfaces. Researchers may have used different 
simulation parameters, force fields, or metal 
surfaces, which can influence the binding 
energies and overall conclusions. Boyuan et al. 
and Ayaub et al. [1,13] in their separate 
research in an experimental study obtained a 
moderate corrosion inhibition of expired 
amoxicillin in HCl concentration observed a 
moderate inhibition efficiency between the 
molecule and the mild steel surface. 

Conclusion 

In this study, we employed Density Functional 
Theory (DFT) and simulation methods to 
investigate the corrosion inhibition properties 
of amoxicillin on Fe(111), Al(110), and Cu(110) 
surfaces. The results reveal insightful findings 
regarding the reactivity and adsorption 
behavior of amoxicillin on these metal surfaces. 

(1) The results indicate that Fukui 
Nucleophilic sites C2 and S7, as well as 
Electrophilic site O22, are the most effective 
active sites for electron transfer between the 
molecule and the surfaces. This demonstrates 
the effective role of heteroatoms in the 
corrosion inhibition of amoxicillin. 

(2) Binding energy -50.65 (kcalmol-1), -38.97 
(kcalmol-1), and -43.24 (kcalmol-1) for Fe(111), 
Al(110), and Cu(110) surfaces, respectively, 
and HOMO energy of -5.608 (kcalmol-1) and 
LUMO energy of -1.873 (kcalmol-1). 

(3) Due to the binding energy effect, the 
surface interactions experienced by the 
molecule Amoxicillin are moderate overall. 
Among these interactions, Fe(111)-amoxicillin 
exhibited the most pronounced effect, followed 
by Al(110)-amoxicillin. On the other hand, 
Cu(110) showed the lowest binding energy, 
suggesting a weaker interaction with the 
molecule. 

(4) The molecule interaction with the metal 
surface was physisorption hence the binding 
energy of the interaction was less than 
100(kcalmol-1).  

In conclusion, the molecule Amoxicillin had a 
mild inhibition on both surfaces Fe(111), 
Al(11o), Cu(110) 

Acknowledgements  

The authors would like to express gratitude to 
the Oral Health Advocacy Initiative (OHAI) and 
Bayero University Kano (BUK) for creating an 
environment conducive to the successful 
completion of this work. 



 

 

38 

2024, Volume 5, Issue 1 

 Orcid 

Fater Iorhuna : 0000-0002-1018-198X 

Abdullahi Muhammad Ayuba : 0000-0002-
2295-8282 

Thomas Aondofa Nyijime : 0000-0001-9537-
1987 

Reference 

[1]. B. Ran, Y. Qiang, X. Liu, L. Guo, A.G. Ritacca, I. 

Ritacco, X. Li, Excellent performance of 

amoxicillin and potassium iodide as hybrid 

corrosion inhibitor for mild steel in HCl 

environment: Adsorption characteristics and 

mechanism insight, Journal of Materials 

Research and Technology, 2024, 29, 5402-5411. 

[Crossref], [Google Scholar], [Publisher]  

[2]. M. Palomar-Pardavé, M. Romero-Romo, H. 

Herrera-Hernández, M. Abreu-Quijano, N.V. 

Likhanova, J. Uruchurtu, J. Juárez-García, 

Influence of the alkyl chain length of 2 amino 5 

alkyl 1, 3, 4 thiadiazole compounds on the 

corrosion inhibition of steel immersed in 

sulfuric acid solutions, Corrosion Science, 2012, 

54, 231-243. [Crossref], [Google Scholar], 

[Publisher]  

[3]. A. Zarrouk, B. Hammouti, T. Lakhlifi, M. 
Traisnel, H. Vezin, F. Bentiss, New 1H-pyrrole-2, 
5-dione derivatives as efficient organic 
inhibitors of carbon steel corrosion in 
hydrochloric acid medium: electrochemical, 
XPS and DFT studies, Corrosion Science, 2015, 
90, 572-584. [Crossref], [Google Scholar], 
[Publisher]  
[4]. M. Boulhaoua, M. El Hafi, S. Zehra, L. Eddaif, 
A.A. Alrashdi, S. Lahmidi, L. Guo, J.T. Mague, H. 
Lgaz, Synthesis, structural analysis and 
corrosion inhibition application of a new 
indazole derivative on mild steel surface in 
acidic media complemented with DFT and MD 
studies, Colloids and Surfaces A: Physicochemical 
and Engineering Aspects, 2021, 617, 126373. 
[Crossref], [Google Scholar], [Publisher]  
[5]. H. Lgaz, S. Masroor, M. Chafiq, M. Damej, A. 
Brahmia, R. Salghi, M. Benmessaoud, I.H. Ali, 
M.M. Alghamdi, A. Chaouiki, Evaluation of 2-
mercaptobenzimidazole derivatives as 

corrosion inhibitors for mild steel in 
hydrochloric acid, Metals, 2020, 10, 357. 
[Crossref], [Google Scholar], [Publisher]  
[6]. M. Rbaa, M. Galai, A.S. Abousalem, B. 
Lakhrissi, M.E. Touhami, I. Warad, A. Zarrouk, 
Synthetic, spectroscopic characterization, 
empirical and theoretical investigations on the 
corrosion inhibition characteristics of mild steel 
in molar hydrochloric acid by three novel 8-
hydroxyquinoline derivatives, Ionics, 2020, 26, 
503-522. [Crossref], [Google Scholar], 
[Publisher]  
[7]. M. Ouakki, M. Galai, M. Rbaa, A.S. 
Abousalem, B. Lakhrissi, M.E. Touhami, M. 
Cherkaoui, Electrochemical, thermodynamic 
and theoretical studies of some imidazole 
derivatives compounds as acid corrosion 
inhibitors for mild steel, Journal of Molecular 
Liquids, 2020, 319, 114063. [Crossref], [Google 
Scholar], [Publisher]  
[8]. A. El Aloua, M. Oubahou, A. El Bouari, O. 
Tanane, Expired amoxicillin as an eco-friendly 
corrosion inhibitor for cast steel in sulfuric acid 
environment: electrochemical, surface and 
thermodynamic studies, Journal of Solid State 
Electrochemistry, 2023, 1-15. [Crossref], 
[Google Scholar], [Publisher]  
[9]. N.O. Eddy, E.E. Ebenso, Quantum chemical 
studies on the inhibition potentials of some 
penicillin compounds for the corrosion of mild 
steel in 0.1 M HCl, Journal of Molecular 
Modeling, 2010, 16, 1291-1306. [Crossref], 
[Google Scholar], [Publisher]  
[10]. A.A. Siaka, N. Eddy, S. Idris, L. Magaji, Z. 
Garba, I. Shabanda, Quantum Chemical Studies 
of corrosion inhibition and adsorption 
potentials of Amoxicillin on mild steel in HCl 
solution, International Journal of Modern 
Chemistry, 2013, 4, 1-10. [Google Scholar] 
[11]. C. Verma, M. Quraishi, E. Ebenso, I. Obot, A. 
El Assyry, 3-Amino alkylated indoles as 
corrosion inhibitors for mild steel in 1M HCl: 
Experimental and theoretical studies, Journal of 
Molecular Liquids, 2016, 219, 647-660. 
[Crossref], [Google Scholar], [Publisher]  
[12]. M.M. Kadhim, L.A.A. Juber, A.S. Al-Janabi, 
Estimation of the Efficiency of Corrosion 
Inhibition by Zn-Dithiocarbamate Complexes: a 
Theoretical Study, Iraqi Journal of Science, 
2021, 3323-3335. [Crossref], [Google Scholar], 
[Publisher]  

https://orcid.org/0000-0002-1018-198X
https://orcid.org/0000-0002-2295-8282
https://orcid.org/0000-0002-2295-8282
https://orcid.org/0000-0001-9537-1987
https://orcid.org/0000-0001-9537-1987
https://doi.org/10.1016/j.jmrt.2024.02.233
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D.+R.+Boyuan%2C+Y.+Qiang%2C+X.+Liu%2C+L.+Guo%2C+A.+G.+Ritacca%2C+I.+Ritacco%2C+X.+Li+Excellent+performance+of+amoxicillin+and+potassium+iodide+as+hybrid+corrosion+inhibitor+for+mild+steel+in+HCl+environment%3A+Adsorption+characteristics+and+mechanism+insight+Journal+of+Materials+Research+and+TechnologyVolume+29%2C+2024%2C+5402-5411.+&btnG=
https://doi.org/10.1016/j.jmrt.2024.02.233
https://doi.org/10.1016/j.corsci.2011.09.020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2%5D.+P.+Pardav%C3%A9+M%2C+Romero-Romo+M%2C+Herrera-Hern%C3%A1ndez+H%2C+Abreu-Quijano+MA%2C+Likhanova+NV%2C+Uruchurtu+J%2C+Ju%C3%A1rez-Garc%C3%ADa+JM+Influence+of+the+alkyl+chain+length+of+2+amino+5+alkyl+1%2C3%2C4+thiadiazole+compounds+on+the+corrosion+inhibition+of+steel+immersed+in+sulfuric+acid+solutions.+Corros+Sci+%282012%29+54%281%29%3A231%E2%80%93243.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0010938X11004975
https://doi.org/10.1016/j.corsci.2014.10.052
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D.+A.+Zarrouk%2C+B.+Hammouti%2C+T.+Lakhlifi%2C+M.+Traisnel%2C+H.+Vezin%2C+F.+Bentiss+New+1H-pyrrole-2%2C5-dione+derivatives+as+efficient+organic+inhibitors+of+carbon+steel+corrosion+in+hydrochloric+acid+medium%3A+electrochemical%2C+XPS+and+DFT+studies.+Corros+Sci+%282015%29+90%3A572%E2%80%93584.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0010938X14005095
https://doi.org/10.1016/j.colsurfa.2021.126373
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D.+M.+Boulhaoua%2C+M.+El+Hafi%2C+S.+Zehra%2C+L.+Eddaif%2C+A.A.+Alrashdi%2C+S.+Lahmidi%2C+L.+Guo%2C+JT%2C+Lgaz+H.+Mague+Colloids+and+Surfaces+A%E2%80%AF%3A+Physicochemical+and+Engineering+Aspects+Synthesis%2C+structural+analysis+and+corrosion+inhibition+application+of+a+new+indazole+derivative+on+mild+steel+surface+in+acidic+media+complemented+with+DFT+and+MD+studies.+Colloids+Surf+A+Physicochem+Eng+Asp+%282021%29+617%3A126373.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0927775721002429
https://doi.org/10.3390/met10030357
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5%5D.+H.+Lgaz%2C+S+Masroor%2C+M.+Chafiq%2C+M.+Damej%2C+A.+Brahmia%2C+R.+Salghi%2C+M.+Benmessaoud%2C+I.H.+Ali%2C+M.M.+Alghamdi%2C+A.+Chaouiki%2C+I.M.+Chung+Evaluation+of+2-mercaptobenzimidazole+derivatives+as+corrosion+inhibitors+for+mild+steel+in+hydrochloric+acid.+Metals+%282020%29+10%283%29%3A1%E2%80%9314.+&btnG=
https://www.mdpi.com/2075-4701/10/3/357
https://doi.org/10.1007/s11581-019-03160-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D.+M.+Rbaa%2C+M.+Galai%2C+A.S.+Abousalem%2C+B.+Lakhrissi%2C+M.E.+Touhami%2C+I.+Warad%2C+A.+Zarrouk+Synthetic%2C+spectroscopic+characterization%2C+empirical+and+theoretical+investigations+on+the+corrosion+inhibition+characteristics+of+mild+steel+in+molar+hydrochloric+acid+by+three+novel+8-hydroxyquinoline+derivatives.+Ionics+%282020%29+26%281%29%3A503%E2%80%93522.+&btnG=
https://link.springer.com/article/10.1007/s11581-019-03160-9
https://doi.org/10.1016/j.molliq.2020.114063
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7%5D.+M.+Ouakki%2C+M.+Galai%2C+M.+Rbaa%2C+A.S.+Abousalem%2C+B.+Lakhrissi%2C+M.E.+Touhami%2C+M.+Cherkaoui+Electrochemical%2C+thermodynamic+and+theoretical+studies+of+some+imidazole+derivatives+compounds+as+acid+corrosion+inhibitors+for+mild+steel.+J+Mol+Liq+%282020%29+319%3A114063.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7%5D.+M.+Ouakki%2C+M.+Galai%2C+M.+Rbaa%2C+A.S.+Abousalem%2C+B.+Lakhrissi%2C+M.E.+Touhami%2C+M.+Cherkaoui+Electrochemical%2C+thermodynamic+and+theoretical+studies+of+some+imidazole+derivatives+compounds+as+acid+corrosion+inhibitors+for+mild+steel.+J+Mol+Liq+%282020%29+319%3A114063.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167732220331391
https://doi.org/10.1007/s10008-023-05788-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8%5D.+A.+El+Aloua.%2C+M.+Oubahou%2C+El+Bouari%2C+A.+et+al.+Expired+amoxicillin+as+an+eco-friendly+corrosion+inhibitor+for+cast+steel+in+sulfuric+acid+environment%3A+electrochemical%2C+surface+and+thermodynamic+studies.+J+Solid+State+Electrochem+%282023%29.+&btnG=
https://link.springer.com/article/10.1007/s10008-023-05788-0
https://doi.org/10.1007/s00894-009-0635-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9%5D.+N.O.+Eddy%2C+E.E.+Ebenso+Quantum+chemical+studies+on+the+inhibition+potentials+of+some+Penicillin+compounds+for+the+corrosion+of+mild+steel+in+0.1+M+HCl.+J+Mol+Model+%282010%2916%2C+1291%E2%80%931306.+&btnG=
https://link.springer.com/article/10.1007/s00894-009-0635-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D.+A+A..+Siaka%2C+N.+O.+Eddy%2C+S.+O.+Idris%2C+L.+Magaji%2C+Z.+N.+Garba%2C+I.+S.+Shabanda+Quantum+Chemical+Studies+of+Corrosion+Inhibition+and+Adsorption+Potentials+of+Amoxicillin+on+Mild+Steel+in+HCl+Solution+International+Journal+of+Modern+Chemistry%2C+2013%2C+4%281%29%3A+1-10+&btnG=
https://doi.org/10.1016/j.molliq.2016.04.024
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B11%5D.+C.B.+Erma%2C+M.A.+Quraishi%2C+E.E.+Ebenso%2C+I.B.+Obot%2C+A.+El+Assyry+3-amino+alkylated+indoles+ascorrosion+inhibitors+for+mild+steel+in+1M+HCl%3A+Experimental+and+theoretical+studies.+Jour-nal+of+Molecular+Liquids.+2016%3B219%3A647-660+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167732216301374
https://doi.org/10.24996/ijs.2021.62.9(SI).3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D.+M.+M.+Kadhim%2C+L.+A.+A.+Juber%2C+and+A.+S.+M.+Al-Janabi%2C+%E2%80%9CEstimation+of+the+Efficiency+of+Corrosion+Inhibition+by+Zn-Dithiocarbamate+Complexes%3A+a+Theoretical+Study%E2%80%9D%2C+Iraqi+Journal+of+Science%2C+vol.+62%2C+no.+9%2C+pp.+3323%E2%80%933335%2C+2021.+&btnG=
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/3244
https://orcid.org/0000-0002-1018-198X
https://orcid.org/0000-0002-2295-8282
https://orcid.org/0000-0001-9537-1987


 

  
 

39 

 

2024, Volume 5, Issue 1 

 [13]. A.A. Muhammad, N.A. Thomas, S. 
AbubakarMinjibir, N.U. Shehu, F. Iorhuna, 
Exploring the Inhibition Potential of 
Carbamodithionic acid on Fe (111) Surface: A 
Theoretical Study, Journal of Engineering in 
Industerial Research, 2024, 4, 201-210.  
[Crossref], [Google Scholar], [Publisher]  
[14]. A.K. Singh, Inhibition of mild steel 
corrosion in hydrochloric acid solution by 3-(4-
((Z)-indolin-3-ylideneamino) phenylimino) 
indolin-2-one, Industrial & Engineering 
Chemistry Research, 2012, 51, 3215-3223. 
[Crossref], [Google Scholar], [Publisher]  
[15]. I. Lukovits, E. Kalman, F. Zucchi, Corrosion 
inhibitors-correlation between electronic 
structure and efficiency, Corrosion, 2001, 57, 3-
8. [Crossref], [Google Scholar], [Publisher]  
[16]. M. Belghiti, S. Echihi, A. Dafali, Y. Karzazi, 
M. Bakasse, H. Elalaoui-Elabdallaoui, L. 
Olasunkanmi, E. Ebenso, M. Tabyaoui, 
Computational simulation and statistical 
analysis on the relationship between corrosion 
inhibition efficiency and molecular structure of 
some hydrazine derivatives in phosphoric acid 
on mild steel surface, Applied Surface Science, 
2019, 491, 707-722. [Crossref], [Google 
Scholar], [Publisher]  
[17]. T.A. Nyijime, H.F. Chahul, A. Ayuba, F. 
Iorhuna, Theoretical investigations on 
thiadiazole derivatives as corrosion inhibitors 
on mild steel, Advanced Journal of Chemistry, 
Section A, 2023, 6, 141-154. [Crossref], [Google 
Scholar], [Publisher]  
[18]. L.T. Popoola, T.A. Aderibigbe, M.A. Lala, 
Mild steel corrosion inhibition in hydrochloric 
acid using cocoa pod husk-ficus exasperata: 
extract preparation optimization and 
characterization, Iranian Journal of Chemistry 
and Chemical Engineering, 2022, 41, 482-492. 
[Crossref], [Google Scholar], [Publisher]  
[19]. R.M. Kubba, N.M. Al-Joborry, Theoretical 
study of a new oxazolidine-5-one derivative as 
a corrosion inhibitor for carbon steel surface, 
Iraqi Journal of Science, 2021, 1396-1403. 
[Crossref], [Google Scholar], [Publisher]   
[20]. K.A.K. Al-Rudaini, K.A.S. Al-Saadie, Milk 
Thistle Leaves Aqueous Extract as a New 
Corrosion Inhibitor for Aluminum Alloys in 
Alkaline Medium, Iraqi Journal of Science, 2021, 
363-372. [Crossref], [Google Scholar], 
[Publisher]  

[21]. M.A. Mohammed, R.M. Kubba, 
Experimental Evaluation for the Inhibition of 
Carbon Steel Corrosion in Salt and Acid Media 
by New Derivative of Quinolin-2-One, Iraqi 
Journal of Science, 2020, 61, 1861-1873. 
[Crossref], [Google Scholar], [Publisher]  
[22]. S. Mammeri, N. Chafai, H. Harkat, R. 
Kerkour, S. Chafaa, Protection of steel against 
corrosion in acid medium using 
dihydropyrimidinone derivatives: experimental 
and DFT study, Iranian Journal of Science and 
Technology, Transactions A: Science, 2021, 45, 
1607-1619. [Crossref], [Google Scholar], 
[Publisher]  
[23]. F. Iorhuna, M.A. Ayuba, A.T. Nyijime, M. 
Sani, H. Abdulmumini, J.O. Oyeyode, A 
Comparative Computational Stimulation 
Studies on Corrosion Inhibition and Adsorptive, 
Eurasian Journal of Science and Technology, 
2024, 4, 44-56.  [Crossref], [Google Scholar], 
[Publisher]  
[24]. T.V. Kumar, J. Makangara, C. Laxmikanth, 
N.S. Babu, Computational studies for inhibitory 
action of 2-mercapto-1-methylimidazole 
tautomers on steel using of density functional 
theory method (DFT), International Journal of 
Computational and Theoretical Chemistry, 2016, 
4, 1-6. [Google Scholar] 
[25]. T. Esan, O. Oyeneyin, A. Olanipekun, N. 
Ipinloju, Corrosion inhibitive potentials of some 
amino acid derivatives of 1, 4-naphthoquinone-
DFT calculations, Advanced Journal of Chemistry, 
Section A, 2022, 5, 263. [Crossref], [Google 
Scholar], [Publisher]  
[26]. R.M. Kubba, N.M. Al-Joborry, N.J. Al-lami, 
Theoretical and experimental studies for 
inhibition potentials of imidazolidine 4-one and 
oxazolidine 5-one derivatives for the corrosion 
of carbon steel in Sea Water, Iraqi Journal of 
Science, 2020, 61, 2776-2796. [Crossref], 
[Google Scholar], [Publisher]  
[27]. Z. Yavari, M. Darijani, M. Dehdab, 
Comparative theoretical and experimental 
studies on corrosion inhibition of aluminum in 
acidic media by the antibiotics drugs, Iranian 
Journal of Science and Technology, Transactions 
A: Science, 2018, 42, 1957-1967. [Crossref], 
[Google Scholar], [Publisher]  
[28]. N.M. Al-Joborry, R.M. Kubba, Theoretical 
and Experimental Study for Corrosion 
Inhibition of Carbon Steel in Salty and Acidic 

https://doi.org/10.48309/jeires.2023.4.2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D.+A.+M.+Ayuba%2C+A.+T.+Nyijime%2C+N.+U.+Shehu%2C+F.+Iorhuna.+Exploring+the+Inhibition+Potential+of+Carbamodithionic+acid+on+Fe+%28111%29+Surface%3A+A+Theoretical+Study.+J.+Eng.+Ind.+Res.+2024%2C+4%284%29%3A+201-210.+&btnG=
https://www.jeires.com/article_186604.html
https://doi.org/10.1021/ie2020476
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D.+A.K.+Singh+Inhibition+of+mild+steel+corrosion+in+hydrochloric+acid+solution+by+3-%284-%28%28Z%29-indolin-3-ylideneamino%29+phenylimino%29+indolin-2-one.+Industrial+and+Engineering+Chemis-try+Research.+2012%3B51%3A3215-3223&btnG=
https://pubs.acs.org/doi/abs/10.1021/ie2020476
https://doi.org/10.5006/1.3290328
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D.+I.+Lukovits%2C+E.+Klaman%2C+F.+Zucchi.+Corrosion+Inhibitors%E2%80%94Correlation+between+ElectronicStructure+and+Efficiency.+Corrosion.+2001%3B3%3A57&btnG=
https://meridian.allenpress.com/corrosion/article-abstract/57/1/3/161597/Corrosion-Inhibitors-Correlation-between
http://doi.org/10.1016/j.apsus.2019.04.125
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D.+M.E.+Belghiti%2C+S.+Echihi%2C+A.+Dafali%2C+Y.+Karzazi%2C+M.+Bakasse%2C+H.+Elalaoui-Elabdallaoui%2C+LO.+Olasunkanmi%2C+EE.+Ebenso%2C+and+M.+Tabyaoui%2C+%E2%80%9CComputational+simulation+and+statistical+analysis+on+the+relationship+between+corrosion+inhibition+efficiency+and+molecular+structure+of+some+hydrazine+derivatives+in+phosphoric+acid+on+mild+steel+surface%E2%80%9D%2C+Applied+Surface+Science%2C+vol.+491%2C+pp.+707-22%2C+2019.+http%3A%2F%2Fdoi.org%2F10.1016%2Fj.apsus.2019.04.125.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D.+M.E.+Belghiti%2C+S.+Echihi%2C+A.+Dafali%2C+Y.+Karzazi%2C+M.+Bakasse%2C+H.+Elalaoui-Elabdallaoui%2C+LO.+Olasunkanmi%2C+EE.+Ebenso%2C+and+M.+Tabyaoui%2C+%E2%80%9CComputational+simulation+and+statistical+analysis+on+the+relationship+between+corrosion+inhibition+efficiency+and+molecular+structure+of+some+hydrazine+derivatives+in+phosphoric+acid+on+mild+steel+surface%E2%80%9D%2C+Applied+Surface+Science%2C+vol.+491%2C+pp.+707-22%2C+2019.+http%3A%2F%2Fdoi.org%2F10.1016%2Fj.apsus.2019.04.125.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169433219311171
https://doi.org/10.22034/AJCA.2023.383496.1352
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B17%5D.+T.+A.+Nyijime+%2C+H.F.+Chahul%2C+A.+M.+Ayuba%2C+F.+Iorhuna.+Theoretical+Investigations+on+Thiadiazole+Derivatives+as+Corrosion+Inhibitors+on+Mild+Steel.+Adv.+J.+Chem.+A%2C+2023%2C+6%282%29%2C+141-154.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B17%5D.+T.+A.+Nyijime+%2C+H.F.+Chahul%2C+A.+M.+Ayuba%2C+F.+Iorhuna.+Theoretical+Investigations+on+Thiadiazole+Derivatives+as+Corrosion+Inhibitors+on+Mild+Steel.+Adv.+J.+Chem.+A%2C+2023%2C+6%282%29%2C+141-154.+&btnG=
https://www.ajchem-a.com/article_168060.html
https://doi.org/10.30492/ijcce.2021.114540.3752
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18%5D.+LT.+Popoola%2C+TA.+Aderibigbe%2C+and+MA.+Lala%2C+%E2%80%9CMild+steel+corrosion+inhibition+in+hydrochloric+acid+using+cocoa+pod+husk-ficus+exasperata%3A+extract+preparation+optimization+and+characterization%E2%80%9D+Iranian+Journal+of+Chemistry+and+Chemical+Engineering+%28IJCCE%29%2C+vol.+41%2C+no.+2%2C+pp.+482-92%2C+2022.+&btnG=
https://www.ijcce.ac.ir/article_7843_1415.htmlhttp:/www.ijcce.ac.ir/article_244755.html
https://doi.org/10.24996/ijs.2021.62.5.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D.+R.+M.+Kubba+and+N.+M.+Al-Joborry%2C+%E2%80%9CTheoretical+study+of+a+new+oxazolidine+-5-+one+derivative+as+a+corrosion+inhibitor+for+carbon+steel+surface%E2%80%9D%2C+Iraqi+Journal+of+Science%2C+vol.+62%2C+no.+5%2C+pp.+1396%E2%80%931403%2C+2021.+&btnG=
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/2134
https://doi.org/10.24996/ijs.2021.62.2.2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D.+K.+A.+K.+Al-Rudaini+and+K.+A.+S.+Al-Saadie%2C+%E2%80%9CMilk+Thistle+Leaves+Aqueous+Extract+as+a+New+Corrosion+Inhibitor+for+Aluminum+Alloys+in+Alkaline+Medium%E2%80%9D%2C+Iraqi+Journal+of+Science%2C+vol.+62%2C+no.+2%2C+pp.+363%E2%80%93372%2C+2021.+&btnG=
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/2638
https://doi.org/10.24996/ijs.2020.61.8.2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D.+M.+A.+Mohammed+and+R.+M.+Kubba%2C+%E2%80%9CExperimental+Evaluation+for+the+Inhibition+of+Carbon+Steel+Corrosion+in+Salt+and+Acid+Media+by+New+Derivative+of+Quinolin-2-One%E2%80%9D%2C+Iraqi+Journal+of+Science%2C+vol.+61%2C+no.+8%2C+pp.+1861%E2%80%931873%2C+2020.+&btnG=
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/2394
https://doi.org/10.1007/s40995-021-01140-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22%5D.+S.+Mammeri%2C+N.+Chafai%2C+H.+Harkat%2C+R.+Kerkour%2C+and+S.+Chafaa%2C+%E2%80%9CProtection+of+steel+against+corrosion+in+acid+medium+using+dihydropyrimidinone+derivatives%3A+experimental+and+DFT+study%E2%80%9D%2C+Iranian+Journal+of+Science+and+Technology%2C+Transactions+A%3A+Science%2C+vol.+45%2C+no.+5%2C+1607-19%2C+2021&btnG=
https://link.springer.com/article/10.1007/s40995-021-01140-1
https://doi.org/10.48309/ejst.2024.418005.1094
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B23%5D.+F.+Iorhuna%2C+M.+Abdullahi+Ayuba%2C+A.+Thomas+Nyijime%2C+M.+Sani%2C+H.+Abdulmumini%2C+J.+Oluwafemi+Oyeyode%2C+A+Comparative+Computational+Stimulation+Studies+on+Corrosion+Inhibition+and+Adsorptive+Qualities+of+Coumarin+Derivative+on+Iron%2C+Zinc%2C+Copper+and+Aluminium.+Eurasian+J.+Sci.+Tech.%2C+2024%2C+4%281%29%2C+44-56.+&btnG=
https://ejst.samipubco.com/article_184642.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24%5D.+TV.+Kumar%2C+J.+Makangara%2C+C.+Laxmikanth%2C+and+NS.+Babu%2C+%E2%80%9CComputational+studies+for+inhibitory+action+of+2-mercapto-1-methylimidazole+tautomers+on+steel+using+of+density+functional+theory+method+%28DFT%29%E2%80%9D%2C+International+Journal+of+Computational+and+Theoretical+Chemistry%2C+vol.+4%2C+no.+1%2C+pp.+1-6%2C+&btnG=
https://doi.org/10.22034/ajca.2022.353882.1321
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D.+TO.+Esan%2C+OE.+Oyeneyin%2C+A.+Deola%2C+and+NI.+Olanipekun%2C+%E2%80%9CCorrosion+inhibitive+potentials+of+some+amino+acid+derivatives+of+1%2C+4-naphthoquinone%E2%88%92+DFT+calculations%E2%80%9D%2C+Advanced+Journal+of+Chemistry-Section+A%2C+vol.+5%2C+no.+4%2C+pp.+263-270%2C+2022.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D.+TO.+Esan%2C+OE.+Oyeneyin%2C+A.+Deola%2C+and+NI.+Olanipekun%2C+%E2%80%9CCorrosion+inhibitive+potentials+of+some+amino+acid+derivatives+of+1%2C+4-naphthoquinone%E2%88%92+DFT+calculations%E2%80%9D%2C+Advanced+Journal+of+Chemistry-Section+A%2C+vol.+5%2C+no.+4%2C+pp.+263-270%2C+2022.&btnG=
https://www.ajchem-a.com/article_155442.html
https://doi.org/10.24996/ijs.2020.61.11.3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26%5D.+R.+M.+Kubba%2C+N.+M.+Al-Joborry%2C+and+N.+J.+Al-lami%2C+%E2%80%9CTheoretical+and+Experimental+Studies+for+Inhibition+Potentials+of+Imidazolidine+4-One+and+Oxazolidine+5-One+Derivatives+for+the+Corrosion+of+Carbon+Steel+in+Sea+Water%E2%80%9D%2C+Iraqi+Journal+of+Science%2C+vol.+61%2C+no.+11%2C+pp.+2776%E2%80%932796%2C+2020&btnG=
https://www.ijs.uobaghdad.edu.iq/index.php/eijs/article/view/1829
https://doi.org/10.1007/s40995-017-0358-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B27%5D.+Z.+Yavari%2C+M.+Darijani%2C+and+M.+Dehdab%2C+%E2%80%9CComparative+theoretical+and+experimental+studies+on+corrosion+inhibition+of+aluminum+in+acidic+media+by+the+antibiotics+drugs%E2%80%9D%2C+Iranian+Journal+of+Science+and+Technology%2C+Transactions+A%3A+Science%2C+vol.+42%2C+no.+4%2C+pp.+1957-67%2C+2018.+&btnG=
https://link.springer.com/article/10.1007/s40995-017-0358-y


 

 

40 

2024, Volume 5, Issue 1 

 Media by A New Derivative of Imidazolidine 4-
One, Iraqi Journal of Science, 2020, 61, 1842-
1860. [Crossref], [Google Scholar], [Publisher]  
[29]. S. John, J. Joy, M. Prajila, A. Joseph, 
Electrochemical, quantum chemical, and 
molecular dynamics studies on the interaction 
of 4‐amino‐4H, 3, 5‐di (methoxy)‐1, 2, 4‐triazole 
(ATD), BATD, and DBATD on copper metal in 
1N H2SO4, Materials and Corrosion, 2011, 62, 
1031-1041. [Crossref], [Google Scholar], 
[Publisher]   
[30]. M. Belghiti, S. Echihi, A. Dafali, Y. Karzazi, 
M. Bakasse, H. Elalaoui-Elabdallaoui, L. 
Olasunkanmi, E. Ebenso, M. Tabyaoui, 
Computational simulation and statistical 
analysis on the relationship between corrosion 
inhibition efficiency and molecular structure of 
some hydrazine derivatives in phosphoric acid 
on mild steel surface, Applied Surface Science, 
2019, 491, 707-722. [Crossref], [Google 
Scholar], [Publisher]  
[31]. M.M. Kadhim, L.A.A. Juber, A.S. Al-Janabi, 
Estimation of the Efficiency of Corrosion 
Inhibition by Zn-Dithiocarbamate Complexes: a 
Theoretical Study, Iraqi Journal of Science, 
2021, 62, 3323-3335. [Crossref], [Google 
Scholar], [Publisher]  
[32]. D. Glossman-Mitnik, Computational study 
of the chemical reactivity properties of the 
Rhodamine B molecule, Procedia Computer 
Science, 2013, 18, 816-825. [Crossref], [Google 
Scholar], [Publisher]  
[33]. A. Nahlé, R. Salim, F. El Hajjaji, M. Aouad, 
M. Messali, E. Ech-Chihbi, B. Hammouti, M. 
Taleb, Novel triazole derivatives as ecological 
corrosion inhibitors for mild steel in 1.0 M HCl: 
experimental & theoretical approach, RSC 
Advances, 2021, 11, 4147-4162. [Crossref], 
[Google Scholar], [Publisher]  
[34]. L.H. Madkour, I. Elshamy, Experimental 
and computational studies on the inhibition 
performances of benzimidazole and its 
derivatives for the corrosion of copper in nitric 
acid, International Journal of Industrial 
Chemistry, 2016, 7, 195-221. [Crossref], [Google 
Scholar], [Publisher]  
[35]. A.M. Ayuba, T.A. Nyijime, S.A. Minjibir, F. 
Iorhuna, Adsorption Monitoring of 
Triflouroaceticacid, Pentadecyl Ester and 
Pentadecanoic Acid, 14-Methyl-, Methyl Ester 
on Fe (110): using DFT and Molecular 

Simulation, Eurasian Journal of  Science and 
Technology, 2024, 4, 105-115. [Crossref], 
[Publisher]  
[36]. G. Kılınççeker, M. Baş, F. Zarifi, K. Sayın, 
Experimental and Computational Investigation 
for (E)-2-hydroxy-5-(2-benzylidene) 
Aminobenzoic Acid Schiff Base as a Corrosion 
Inhibitor for Copper in Acidic Media, Iranian 
Journal of Science and Technology, Transactions 
A: Science, 2021, 45, 515-527. [Crossref], 
[Google Scholar], [Publisher]  
[37]. J. Chen, X. Hu, J. Cui, Shikonin, vitamin K3 
and vitamin K5 inhibit multiple glycolytic 
enzymes in MCF-7 cells, Oncology Letters, 2018, 
15, 7423-7432. [Crossref], [Google Scholar], 
[Publisher]  
[38]. H.A. AlMashhadani, K.A. Saleh, 
Electrochemical Deposition of Hydroxyapatite 
Co-Substituted By Sr/Mg Coating on Ti-6Al-4V 
ELI Dental Alloy Post-MAO as Anti-Corrosion, 
Iraqi Journal of Science, 2020, 2751-2761. 
[Crossref], [Google Scholar], [Publisher]  
[39]. L. Afandiyeva, V. Abbasov, L. Aliyeva, S. 
Ahmadbayova, E. Azizbeyli, H.M. El-Lateef 
Ahmed, Investigation of organic complexes of 
imidazolines based on synthetic oxy-and 
petroleum acids as corrosion inhibitors, Iranian 
Journal of Chemistry and Chemical Engineering, 
2018, 37, 73-79. [Crossref], [Google Scholar], 
[Publisher]  
[40]. H. Jafari, F. Mohsenifar, K. Sayin, Effect of 
alkyl chain length on adsorption behavior and 
corrosion inhibition of imidazoline inhibitors, 
Iranian Journal of Chemistry and Chemical 
Engineering (IJCCE), 2018, 37, 85-103. 
[Crossref], [Google Scholar], [Publisher]  
[41]. S. Elmi, M.M. Foroughi, M. Dehdab, M. 
Shahidi-Zandi, Computational evaluation of 
corrosion inhibition of four quinoline 
derivatives on carbon steel in aqueous phase, 
Iranian Journal of Chemistry and Chemical 
Engineering (IJCCE), 2019, 38, 185-200. 
[Crossref], [Google Scholar], [Publisher]  
[42]. L.T. Popoola, T.A. Aderibigbe, M.A. Lala, 
Mild steel corrosion inhibition in hydrochloric 
acid using cocoa pod husk-ficus exasperata: 
extract preparation optimization and 
characterization, Iranian Journal of Chemistry 
and Chemical Engineering, 2022, 41, 482-492. 
[Crossref], [Google Scholar], [Publisher]   

https://doi.org/10.24996/ijs.2020.61.8.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B28%5D.+N.+M.+Al-Joborry+and+R.+M.+Kubba%2C+%E2%80%9CTheoretical+and+Experimental+Study+for+Corrosion+Inhibition+of+Carbon+Steel+in+Salty+and+Acidic+Media+by+A+New+Derivative+of+Imidazolidine+4-One%E2%80%9D%2C+Iraqi+Journal+of+Science%2C+vol.+61%2C+no.+8%2C+pp.+1842%E2%80%931860%2C+2020&btnG=
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/1747
https://doi.org/10.1002/maco.201005938
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29%5D.+S.+John%2C+J.+Joy%2C+M.+Prajila%2C+and+A.+Joseph%2C+%E2%80%9CElectrochemical%2C+quantum+chemical%2C+and+molecular+dynamics+studies+on+the+interaction+of+4%E2%80%90amino%E2%80%904H%2C+3%2C+5%E2%80%90di+%28methoxy%29%E2%80%901%2C+2%2C+4%E2%80%90triazole+%28ATD%29%2C+BATD%2C+and+DBATD+on+copper+metal+in+1NH2SO4%E2%80%9D%2C+Materials+and+Corrosion%2C+vol.+62%2C+no.+11%2C+pp.+1031-41%2C+2011.+&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/maco.201005938
http://doi.org/10.1016/j.apsus.2019.04.125
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D.+ME.+Belghiti%2C+S.+Echihi%2C+A.+Dafali%2C+Y.+Karzazi%2C+M.+Bakasse%2C+H.+Elalaoui-Elabdallaoui%2C+LO.+Olasunkanmi%2C+EE.+Ebenso%2C+and+M.+Tabyaoui%2C+%E2%80%9CComputational+simulation+and+statistical+analysis+on+the+relationship+between+corrosion+inhibition+efficiency+and+molecular+structure+of+some+hydrazine+derivatives+in+phosphoric+acid+on+mild+steel+surface%E2%80%9D%2C+Applied+Surface+Science%2C+vol.+491%2C+pp.+707-22%2C+2019.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D.+ME.+Belghiti%2C+S.+Echihi%2C+A.+Dafali%2C+Y.+Karzazi%2C+M.+Bakasse%2C+H.+Elalaoui-Elabdallaoui%2C+LO.+Olasunkanmi%2C+EE.+Ebenso%2C+and+M.+Tabyaoui%2C+%E2%80%9CComputational+simulation+and+statistical+analysis+on+the+relationship+between+corrosion+inhibition+efficiency+and+molecular+structure+of+some+hydrazine+derivatives+in+phosphoric+acid+on+mild+steel+surface%E2%80%9D%2C+Applied+Surface+Science%2C+vol.+491%2C+pp.+707-22%2C+2019.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169433219311171
https://doi.org/10.24996/ijs.2021.62.9(SI).3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B31%5D.+M.+M.+Kadhim%2C+L.+A.+A.+Juber%2C+and+A.+S.+M.+Al-Janabi%2C+%E2%80%9CEstimation+of+the+Efficiency+of+Corrosion+Inhibition+by+Zn-Dithiocarbamate+Complexes%3A+a+Theoretical+Study%E2%80%9D%2C+Iraqi+Journal+of+Science%2C+vol.+62%2C+no.+9%2C+pp.+3323%E2%80%933335%2C+2021&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B31%5D.+M.+M.+Kadhim%2C+L.+A.+A.+Juber%2C+and+A.+S.+M.+Al-Janabi%2C+%E2%80%9CEstimation+of+the+Efficiency+of+Corrosion+Inhibition+by+Zn-Dithiocarbamate+Complexes%3A+a+Theoretical+Study%E2%80%9D%2C+Iraqi+Journal+of+Science%2C+vol.+62%2C+no.+9%2C+pp.+3323%E2%80%933335%2C+2021&btnG=
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/3244
https://doi.org/10.1016/j.procs.2013.05.246
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B32%5D.+D.+Glossman-Mitnik%2C+%E2%80%9CComputational+study+of+the+chemical+reactivity+properties+of+the+rhodamine+B+molecule%2C+international+conference+on+computational+science%2C+ICCS%E2%80%9D%2C+Procedia+Computer+Science%2C+vol.+18+pp.+816+%E2%80%93+825%2C+2013.+doi%3A+10.1016%2Fj.procs.2013.05.246.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B32%5D.+D.+Glossman-Mitnik%2C+%E2%80%9CComputational+study+of+the+chemical+reactivity+properties+of+the+rhodamine+B+molecule%2C+international+conference+on+computational+science%2C+ICCS%E2%80%9D%2C+Procedia+Computer+Science%2C+vol.+18+pp.+816+%E2%80%93+825%2C+2013.+doi%3A+10.1016%2Fj.procs.2013.05.246.&btnG=
https://www.sciencedirect.com/science/article/pii/S187705091300389X
https://doi.org/10.1039/D0RA09679B
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B33%5D.+A.+Nahl%C3%A9%2C+R.+Salim%2C+F.+El+Hajjaji%2C+MR.+Aouad%2C+M.+Messali%2C+E.+Ech-Chihbi%2C+B.+Hammouti%2C+and+M.+Taleb%2C+%E2%80%9CNovel+triazole+derivatives+as+ecological+corrosion+inhibitors+for+mild+steel+in+1.0+M+HCl%3A+experimental+%26+theoretical+approach%E2%80%9D%2C+RSC+advances%2C+vol.+11%2C+no.+7%2C+pp.+4147-62%2C+2021.+http%3A%2F%2Fdoi%3A+10.1039%2FD0RA09679B.&btnG=
https://pubs.rsc.org/en/content/articlelanding/2021/ra/d0ra09679b
https://doi.org/10.1007/s40090-015-0070-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D.+L.+H+Madkour.%2C+I.H.+Elshamy+Experimental+and+computational+studies+on+the+inhibition+performances+of+benzimidazole+and+its+derivatives+for+the+corrosion+of+copper+in+nitric+acid%2C+Int.+J.+Ind.+Chem.+%282016%29+7%2C+195%E2%80%9322%2C+DOI+10.1007%2Fs40090-015-0070-8&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D.+L.+H+Madkour.%2C+I.H.+Elshamy+Experimental+and+computational+studies+on+the+inhibition+performances+of+benzimidazole+and+its+derivatives+for+the+corrosion+of+copper+in+nitric+acid%2C+Int.+J.+Ind.+Chem.+%282016%29+7%2C+195%E2%80%9322%2C+DOI+10.1007%2Fs40090-015-0070-8&btnG=
https://link.springer.com/article/10.1007/s40090-015-0070-8
https://doi.org/10.48309/EJST.2023.423518.1108
https://ejst.samipubco.com/article_186869.html
https://doi.org/10.1007/s40995-020-01015-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B36%5D.+G.+K%C4%B1l%C4%B1n%C3%A7%C3%A7eker%2C+M.+Ba%C5%9F%2C+F.+Zarifi%2C+and+K.+Say%C4%B1n%2C+2021+%E2%80%9CExperimental+and+computational+investigation+for+%28E%29-2-hydroxy-5-%282-benzylidene%29+aminobenzoic+acid+schiff+base+as+a+corrosion+inhibitor+for+copper+in+acidic+media%E2%80%9D%2C+Iranian+Journal+of+Science+and+Technology%2C+Transactions+A%3A+Science%2C+45%2C+2%3A+515-27%2C+&btnG=
https://link.springer.com/article/10.1007/s40995-020-01015-x
https://doi.org/10.3892/ol.2018.8251
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=37%5D.+J.+Chen%2C+X.+Hu%2C+J.+Cui.+%22Shikonin%2C+vitamin+K3+and+vitamin+K5+inhibit+multiple+glycolytic+enzymes+in+MCF-7+cells%22.+Oncology+Letters.+2018.15+%285%29%3A+7423+7432.+&btnG=
https://www.spandidos-publications.com/10.3892/ol.2018.8251
https://doi.org/10.24996/ijs.2020.61.11.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B38%5D.+H.+A.+Al+Mashhadani%2C+and+K.+A.+Saleh%2C+%E2%80%9CElectrochemical+Deposition+of+Hydroxyapatite+Co-Substituted+By+Sr%2FMg+Coating+on+Ti-6Al-4V+ELI+Dental+Alloy+Post-MAO+as+Anti-Corrosion%E2%80%9D%2C+Iraqi+Journal+of+Science%2C+2020.61%2C11%3A2751%E2%80%932761%2C.+&btnG=
https://www.ijs.uobaghdad.edu.iq/index.php/eijs/article/view/1870
https://doi.org/10.30492/ijcce.2018.34146
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=39%5D.+L.+Afandiyeva%2C+V.+Abbasov%2C+L.+Aliyeva%2C+S.+Ahmadbayova%2C+E.+Azizbeyli%2C+and+A.H.M.+El-Lateef.%2C+%E2%80%9CInvestigation+of+organic+complexes+of+imidazolines+based+.+synthetic+oxy-and+petroleum+acids+as+corrosion+inhibitors%E2%80%9D%2C+Iranian+Journal+of+Chemistry+and+Chemical+Engineering+%28IJCCE%29%2C+2018.+37%2C3%3A73-9%2C+2018.+http%3A%2F%2F+&btnG=
https://www.ijcce.ac.ir/article_34146.html
https://doi.org/10.30492/ijcce.2018.29779
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B40%5D.+H.+Jafari%2C+M.+Mohsenifar%2C+and+K.+Sayin%2C+%E2%80%9CEffect+of+alkyl+chain+length+on+adsorption+behavior+and+corrosion+inhibition+of+imidazoline+inhibitors%E2%80%9D%2C+Iranian+Journal+of+Chemistry+and+Chemical+Engineering+%28IJCCE%29.+2018.+37%2C+5%3A85-103.+&btnG=
https://www.ijcce.ac.ir/article_29779.html
https://doi.org/10.30492/ijcce.2019.29776
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=41%5D.+S.+Elmi.+M.M.+Foroughi%2C+M.+Dehdab%2C+and+M.+Shahidi-Zandi%2C+%E2%80%9CComputational+evaluation+of+corrosion+inhibition+of+four+quinoline+derivatives+on+carbon+steel+in+aqueous+phase%E2%80%9D%2C+Iranian+Journal+of+Chemistry+and+Chemical+Engineering+%28IJCCE%29.+2019.+38%2C1%3A185-200&btnG=
https://www.ijcce.ac.ir/article_29776.html
https://doi.org/10.30492/ijcce.2021.114540.3752
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B42%5D.+LT.+Popoola%2C+TA.+Aderibigbe%2C+and+MA.+Lala%2C+%E2%80%9CMild+steel+corrosion+inhibition+in+hydrochloric+acid+using+cocoa+pod+husk-ficus+exasperata%3A+extract+preparation+optimization+and+characterization%E2%80%9D+Iranian+Journal+of+Chemistry+and+Chemical+Engineering+%28IJCCE%29%2C+2022.+41%2C+2%3A+482-92%2C.+&btnG=
https://www.ijcce.ac.ir/article_244755.html


 

  
 

41 

 

2024, Volume 5, Issue 1 

 [43]. R.M. Kubba, N.M. Al-Joborry, Theoretical 
study of a new oxazolidine-5-one derivative as 
a corrosion inhibitor for carbon steel surface, 
Iraqi Journal of Science, 2021, 1396-1403. 
[Crossref], [Google Scholar], [Publisher]  
[44]. A.B. Adegoke, A.T.-A. Khan, R.A. Adepoju, 
Molecular Dynamic (MD) Simulation and 
Modeling the Bio-molecular Structure of Human 
UDP glucose-6-dehydrogenase Isoform 1 
(hUGDH) Related to Prostate Cancer, Basrah 
Journal of Science/Magallat Al-Barat Li-L-ulum, 
2020, 38, 448. [Crossref], [Google Scholar], 
[Publisher]  
[45]. T.A. Nyijime, P.I. Kutshak, H.F. Chahul, A.M. 
Ayuba, F. Iorhuna, V.O.A. Hudu, Theoretical 
investigation of aluminum corrosion inhibition 
using chalcone derivatives, Mediterranean 
Journal of Chemistry, 2024, 14, 58-68. 
[Crossref], [Google Scholar], [Publisher]  
[46]. K. Chinthapally, B.S. Blagg, B.L. Ashfeld, 
Syntheses of symmetrical and unsymmetrical 
lysobisphosphatidic acid derivatives, The 
Journal of Organic Chemistry, 2022, 87, 10523-
10530. [Crossref], [Google Scholar], [Publisher]  
[47]. L. Guo, M. Zhu, J. Chang, R. Thomas, R. 
Zhang, P. Wang, X. Zheng, Y. Lin, R. Marzouki, 
Corrosion inhibition of N80 steel by newly 
synthesized imidazoline based ionic liquid in 
15% HCl medium: experimental and theoretical 
investigations, International Journal of 

Electrochemical Science, 2021, 16, 211139. 
[Crossref], [Google Scholar], [Publisher]  
[48]. H. Lgaz, S. Masroor, M. Chafiq, M. Damej, A. 
Brahmia, R. Salghi, M. Benmessaoud, I.H. Ali, 
M.M. Alghamdi, A. Chaouiki, Evaluation of 2-
mercaptobenzimidazole derivatives as 
corrosion inhibitors for mild steel in 
hydrochloric acid, Metals, 2020, 10, 357. 
[Crossref], [Google Scholar], [Publisher]  
[49]. D. Glossman-Mitnik, Computational study 
of the chemical reactivity properties of the 
Rhodamine B molecule, Procedia Computer 
Science, 2013, 18, 816-825. [Crossref], [Google 
Scholar], [Publisher]  
[50]. A. Nahlé, R. Salim, F. El Hajjaji, M. Aouad, 
M. Messali, E. Ech-Chihbi, B. Hammouti, M. 
Taleb, Novel triazole derivatives as ecological 
corrosion inhibitors for mild steel in 1.0 M HCl: 
experimental & theoretical approach, RSC 
Advances, 2021, 11, 4147-4162. [Crossref], 
[Google Scholar], [Publisher]  
[51]. T.A. Nyijime, H.F. Chahul, A. Ayuba, F. 
Iorhuna, Theoretical investigations on 
thiadiazole derivatives as corrosion inhibitors 
on mild steel, Advanced Journal of Chemistry, 
Section A, 2023, 6, 141-154. [Crossref], [Google 
Scholar], [Publisher]  
 

 

 

Copyright © 2024 by SPC (Sami Publishing Company) + is an open access article distributed under the 

Creative Commons Attribution License(CC BY) license (https://creativecommons.org/licenses/by/4.0/), 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is 

properly cited. 

https://doi.org/10.24996/ijs.2021.62.5.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5D.+R.+M.+Kubba%2C+and.+N.+M.+Al-Joborry%2C+%E2%80%9CTheoretical+study+of+a+new+oxazolidine+-5-+one+derivative+as+a+corrosion+inhibitor+for+carbon+steel+surface%E2%80%9D%2C+Iraqi+Journal+of+Science%2C+2021.+62%2C+5%2C%3A+1396%E2%80%931403%2C.+&btnG=
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/2134
https://doi.org/10.29072/basjs.202036
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=44%5D.+A.+B.+Adegoke%2C+T.+K.+Abeedha%2C+R.A.+Adepoju.+Molecular.+Dynamic+%28MD%29+Simulation+and+Modeling+the+Bio-Molecular+Structure+of+Human+UDP+Glucose+-6-Dehydrogenase+Isoform+1+%28hUGDH%29+Related+to+Prostate+Cancer.+BASRA+J.+Sci.%2C+2020.+38+%283%29%2C+448%E2%80%93466.+&btnG=
https://openurl.ebsco.com/EPDB%3Agcd%3A1%3A22831745/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A151494892&crl=c
http://dx.doi.org/10.13171/mjc02402281774nyijime
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Theoretical+Investigation+of+Aluminum+Corrosion+Inhibition+Using+Chalcone+Derivatives&btnG=
https://www.medjchem.com/index.php/medjchem/article/view/1774
https://doi.org/10.1021/acs.joc.2c01176
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B46%5D.+C.+Kiran%2C+B.+S.+J.+Blagg%2C+and+L.+B.+Ashfeld+Syntheses+of+Symmetrical+and+Unsymmetrical+Lysobisphosphatidic+Acid+Derivatives.+The+Journal+of+Organic+Chemistry+2022.+87%2C+10523-10530.+DOI%3A+10.1021%2Facs.joc.2c01176&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.joc.2c01176
https://doi.org/10.20964/2021.11.15
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B47%5D.+L.+Guo%2C+M.+Zhu%2C+J.+Chang%2C+R.+Thomas%2C+R.+Zhang%2C+P.+Wang%2C+X.+Zheng%2C+Y.+Lin%2C+and+R.+Marzouki%2C+%E2%80%9CCorrosion+inhibition+of+N80+steel+by+newly+synthesized+imidazoline+based+ionic+liquid+in+15%25+HCl+medium%3A+experimental+and+theoretical+investigations%E2%80%9D%2C+Int.+J.+Electrochem.+Sci.%2C+2021.16%2C+211139-2%2C+http%3A%2F%2Fdoi%3A+10.20964%2F2021.11.15.&btnG=
https://www.sciencedirect.com/science/article/pii/S1452398123034247
https://doi.org/10.3390/met10030357
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B48%5D.+H.+Lgaz%2C+S.+Masroor%2C+M.+Chafiq%2C+M.+Damej%2C+A.+Brahmia%2C+R.+Salghi%2C+M.+Benmessaoud%2C+I.H.+Ali%2C+M.M.+Alghamdi%2C+A.+Chaouiki%2C+and+I.M.+Chung%2C+%E2%80%9CEvaluation+of+2-mercaptobenzimidazole+derivatives+as+corrosion+inhibitors+for+mild+steel+in+hydrochloric+acid%E2%80%9D%2C+Metals%2C+2020%2C+10%2C+3%3A+357%2C+http%3A%2F%2F+doi%3A10.3390%2Fmet10030357.&btnG=
https://www.mdpi.com/2075-4701/10/3/357
https://doi.org/10.1016/j.procs.2013.05.246
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B49%5D.+D.+Glossman-Mitnik%2C+%E2%80%9CComputational+study+of+the+chemical+reactivity+properties+of+the+rhodamine+B+molecule%2C+international+conference+on+computational+science%2C+ICCS%E2%80%9D%2C+Procedia+Computer+Science%2C+2013%2C+18%3A+816+%E2%80%93+825%2C+doi%3A+10.1016%2Fj.procs.2013.05.246.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B49%5D.+D.+Glossman-Mitnik%2C+%E2%80%9CComputational+study+of+the+chemical+reactivity+properties+of+the+rhodamine+B+molecule%2C+international+conference+on+computational+science%2C+ICCS%E2%80%9D%2C+Procedia+Computer+Science%2C+2013%2C+18%3A+816+%E2%80%93+825%2C+doi%3A+10.1016%2Fj.procs.2013.05.246.&btnG=
https://www.sciencedirect.com/science/article/pii/S187705091300389X
https://doi.org/10.1039/D0RA09679B
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B50%5D.+Nahl%C3%A9+A.%2C+Salim+R.%2C+El+Hajjaji+F.%2C+Aouad+MR.%2C+Messali+M.%2C+Ech-Chihbi+E.%2C+Hammouti+B.%2C+and+Taleb+M.%2C+2021+%E2%80%9CNovel+triazole+derivatives+as+ecological+corrosion+inhibitors+for+mild+steel+in+1.0+M+HCl%3A+experimental+%26+theoretical+approach%E2%80%9D%2C+RSC+advances%2C+11%2C+7%3A+4147-62%2C+http%3A%2F%2Fdoi%3A+10.1039%2FD0RA09679B.&btnG=
https://pubs.rsc.org/en/content/articlelanding/2021/ra/d0ra09679b
https://doi.org/10.22034/ajca.2023.383496.1352
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B51%5D.+T.A+Nyijime%2C+H.+F.+Chahul%2C+A.+M.+Ayuba%2C+F.+Iorhuna.+Theoretical+Investigations+on+Thiadiazole+Derivatives+as+Corrosion+Inhibitors+on+Mild+Steel.+Adv.+J.+Chem.+A%2C+2023%2C+6%282%29%2C+141-154.+DOI%3A+10.22034%2FAJCA.2023.383496.1352.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B51%5D.+T.A+Nyijime%2C+H.+F.+Chahul%2C+A.+M.+Ayuba%2C+F.+Iorhuna.+Theoretical+Investigations+on+Thiadiazole+Derivatives+as+Corrosion+Inhibitors+on+Mild+Steel.+Adv.+J.+Chem.+A%2C+2023%2C+6%282%29%2C+141-154.+DOI%3A+10.22034%2FAJCA.2023.383496.1352.+&btnG=
https://www.ajchem-a.com/article_168060.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

