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A B S T R A C T 
 

Quantum functions were used to assess a theoretical investigation on mild steel's 
resistance to corrosion. To determine the stable geometry of the investigated 
compounds, TPE and PME, local density function B3LYP was optimized and 
simulated using DFT under restricted spin polarization DNP basis. The molecules' 
local and global reactivity, including their electronegativity (χ), dipole moment (μ), 
energy gap (ΔE), global hardness (η), global electrophilicity index (ω), energy of 
back donation (∆Eb-d), fraction of electron transfer (ΔN), and the (ω+) and (ω-) 
electron accepting and donating powers between the molecule and the iron, were 
all studied. The inhibition process was assumed to be a chemisorption interaction 
between the surface and the molecule based on the number of adsorption sites 
and the binding energy obtained from the process. This is because the molecules 
contain hetero-atoms, such as oxygen and methylene (-CH2-) functional groups. 
For PME and flourine for TPE, which serve as the focal point for the selectivity of 
electron donation and acceptance between the metal and the TPE and PME 
moieties. 

 
 

Introduction 

orrosion is an undesirable result of 
chemistry on our environment. 
Temperature, pressure, and acid 
concentration are some of the 

environmental factors that cause corrosion [1, 
3]. Iron (Fe) is the main component of mild 
steel, an alloy that is occasionally used to make 
vehicle bodywork and a number of industrially 
essential components [4-8]. Given that mild 

steel is used in building the majority of 
buildings and bridges today, it is pertinent that 
mild steel should be protected by the 
corrosive environment. Other metals like 
Aluminum are not utilized frequently due to 
their high cost. One of the environmental 
factors acidic concentrations often used for 
electrochemical etching, cleaning, and pickling 
in the oil and gas sector [9,10] which result in 
the corrosion of some of the metals in question. 
The process also, reduces the physical 

C
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properties of the metals, such as luster, 
malleability, tension, and strain, and washes 
away the metals and alloys used [11]. 

Corrosion is the gradual deterioration of 

metallic materials brought on by a variety of 

environmental conditions such as temperature 

pressure and acid concentration [12,13]. 

Corrosion may permanently damage a material 

or physical properties of a metal. Numerous 

methods have been employed to shield metals 

from the factor mentioned. These methods 

include: interfacial potential, protective 

coatings, and environmental alterations but 

green inhibition of metals seems to be the best 

method. As such different method including 

DFT method has been employed to identify the 

potential of some of the compounds obtained 

from some green inhibitors [14]. 

Green inhibitors are organic compounds 

originating from plants that include heteropolar 

atoms with a single pair of electrons and 

unsaturated bonds S, N, O, and P [15]. Based on 

documented studies, these compounds have the 

potential to function as corrosion inhibitors 

hence having enough potential to bind saving as 

a protective surface for the metals then 

preventing the mentioned factors from having 

quick access to the metal [16,17].  

To mitigate human error in techniques such as 

weight loss, this study employed Density 

Functional Theory (DFT) and Molecular 

Dynamic Simulation to monitor and compare 

the corrosion inhibition of the following esters: 

Triflouroacetic Acid, Pentadecyl Ester (TPE), 

Pentadecanoic Acid, 14-methyl-methyl ester 

(PME) to determine their potential 

effectiveness in preventing mild steel corrosion 

(Figure 1). 

 

Triflouroaceticacid, pentadecyl ester 
 

 

 Pentadecanoic acid, 14-methyl-, methyl ester 

Figure 1 the structure of the compounds used 

 

Computational Methods   

Sketching and Geometric Optimization of the 
Molecules 

The substances under investigation were 
sketched using CambridgeSoft's ChemDraw 
Ultra 7.0.3.  With the application of DMol3, the 
molecules' torsional and conformational 

energies were reduced using BIOVIA Materials 
Studio 8.0 (Accelrys, Inc.). The following setups 
were used throughout the optimization 
process:  DNP+ basis. to constrained spin 
polarization in aqueous phase, the local density 
functional was set to B3LYP. 

Quantum Chemical Parameters Calculations 
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 Ionization potential (IP) and electron affinity 
(EA) are related to the energy of the frontier 
molecular orbital, the energy of the highest 
occupied molecular orbital (EHOMO), and the 
energy of the lowest unoccupied molecular 
orbital (ELUMO) in accordance with Koopman's 
theory [14–17] as shown in equations (2) and 
(3)  

𝐼. 𝑃 =  − 𝐸𝐻𝑂𝑀𝑂        (1) 

𝐸. 𝐴 =  − 𝐸𝐿𝑈𝑀𝑂         (2) 

The dipole moment, which is equal to the 
magnitude of the charge (Q) at either end of the 
molecular dipole times the distance (r), is a 
measurement of net molecular polarity. The 
Dipole moment (μ) of the molecule can be used 
to determine the distribution of electrons 
between two linked atoms [18]. 

Pearson states that equation (3) provides an 
approximate definition for the value of global 
hardness (ƞ). According to Equation 4, the 
system's global softness (S) is equal to its global 
hardness (H). 

 Ƞ =
𝐼𝐸−𝐸𝐴

2
              (3) 

S =
1

Ƞ
              (4) 

The relationship needed for figuring out the 
molecules' reaction stability is energy gap. 
Energy gap is given in equation 5. The energy 
gap, regardless of how high or low, affects an 
inhibitor molecule's stability and reactivity. 

𝛥𝐸𝑔 =  𝐸𝐿𝑈𝑀𝑂 –  𝐸𝐻𝑂𝑀𝑂       (5) 

Equation 6 is used to determine the proportion 
of electrons that are transported from the 
inhibitor to the Fe-surface, or ΔN. One measure 
that shows this is the molecules' half-electron 
transfer.  

ΔN =
𝜒𝐹𝑒−𝜒𝐼𝑛ℎ.

2(ɳ𝐹𝑒+ɳ𝐼𝑛ℎ)
          (6) 

Back donation of the study was calculated using 
the relation in the equation 7. 

ΔEbd = (µ+- µ-)2/4 Ƞ = - 
 − Ƞ

4
      (7) 

The electron donating (ω-) and electron 
accepting (ω+) powers of the molecules has 
been defined as shown in the equations 8 and 9 
[19]. 

ω- ≈ 
(3𝐼+𝐴)2

16(𝐼−𝐴)
           (8) 

ω+   ≈ 
(𝐼+3𝐴)2

16(𝐼−𝐴)
          (9) 

With a global hardness (N) of 0eV and a 
theoretical electronegativity value of 
(Fe=7.0eV), the metal and molecule were 
described as accepting and donating using the 
second order Fukui function (f2), the dual 
descriptor ∆f(k) [2–5]. Equation denotes the 
difference between the nucleophilic and 
electrophilic Fukui functions, which is the 
definition of the second Fukui function. Site K 
favors an electrophilic assault if f2(r) <0, and a 
nucleophilic attack if f2(r) > 0. This suggests 
that the selectivity index f2(r) against 
electrophilic or nucleophilic assaults functions 
as an indicator [20]. 

𝑓(𝑘)+: (for nucleophilic attack)    =  𝒒𝑘(𝑁 +
1) − 𝑞𝑘(𝑁)             (10) 

𝑓(𝑘)-: (for electrophilic attack)     = 𝑞𝑘(𝑁) −
𝑞𝑘(𝑁 − 1)                                            (11) 

𝑓(r)= 𝑓+-𝑓- = 𝑓2                     (Fukui function)        (12) 

Molecular Dynamics Simulation 

A simulation box of 17 x 12 x 28 Å with a 
periodic boundary condition was used to mimic 
a representative portion of the surface through 
calculations utilizing COMPASS FORCEFIELD 
and Smart ALGORITHM. The Fe crystals were 
fractionally cleaved at 3.0 Å along the (1 1 1) 
Plane for Fe. Prior to improving the iron surface 
and expanding into a 10 × 10 supercell to 
prevent edge effects, the bottom layers' shape 
was restricted [1-4]. In order to quench the 
molecules on the surface, the temperature was 
set at 350 K. The NVE (microcanonical) 
ensemble was used to set the temperature, with 
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a simulation duration of 5 ps and a time step of 
1 fs. In order to determine the statistical values 
of the energies on the surface of Fe (111), the 
system was programmed to quench every 250 
steps [25–29, 22]. 

To obtain diverse interactions, surfaces and 
molecules with optimal shapes were employed. 
Equation 12 was used to compute the 
Adsorption energy between the inhibitors and 
the Fe (111) surface. The difference between 
the total energy of the adsorbates -substrate 
complex is as coin in equation 12. Binding 
energy of the simulation was calculated using 
the equation 13. 

Adsorption Energy = Etotal – (Einhibitor + EFe surface) 
                                                               (13) 

Binding Energy = -Adsorption energy   (14) 

Result and Discussion 

Frontier Molecular Orbitals 

A molecule's reactivity and selectivity are 
determined by factors derived from its 
electronic properties, such as the partial 
charges on its atoms and electron density, this 
dependent on the molecule's structure or 
functional groups present [5-8]. A molecule has 
many regions that can make the and the metal 
surface bind together. The ethanoate 
compounds shown in Figure 2 are the 
optimized molecules with minimal density 
energy values of HOMO, and LUMO regions 
[21]. Regarding the analysis of the outcome-
related descriptors, the findings of the 
calculated values for HOMO and LUMO, 
respectively, are linked to those obtained using 
the Ionization energy (I) and Electron Affinity 
(A) [12]. EHOMO with -I, ELUMO with -A, and 
their behavior in characterizing the HOMO and 
LUMO gap relate the three primary descriptors 
to the simplest conformance to the Koopmans' 
theorem [17]. The degree of electron transfer 
from molecules to the empty orbitals of the 
mild steel (iron) surface is indicated by the 
maximum value of EHOMO while the lowest ELUMO 
value in the esters functional group molecules 

under study indicates that the molecule with 
the lowest energy value is more readily capable 
of receiving electrons from the metal surface 
than the molecule with the highest ELUMO. In the 
studied molecules, the increase in EHOMO was in 
the order of PME>TPE while the ELUMO values 
were in the TPE>PME. In the course of this 
research, other descriptors that assess how 
well the investigated density functionals are 
beneficial for the prediction of the reactivity of 
the molecules were also discovered. We refer to 
this as global reactivity. The stability of the 
chemical during the reaction is shown by global 
reactivity descriptors. Considering just the 
energies of the HOMO and LUMO or the vertical 
Ionization energy (I) and Electron Affinity (A) 
for a combination of DFT descriptors, as well as 
electronegativity (χ), global hardness (η), and 
global electrophilicity (ω). To confirm the 
molecule's ability to transmit electrons, the 
(∆N) Fraction of Electron transmit and the 
electron-donating (ω-) and electron-accepting 
(ω+) powers of the molecules were also 
computed. According to the optimal molecule's 
structure, hydrogen is represented by white, 
nitrogen by red, fluorine by light blue, and 
carbon by gray. 
It is crucial to concentrate on factors that 
directly affect the inhibitor molecules' electrical 
interaction with the metal surface when 
creating a composite index of an inhibitor 
molecule. These factors consist of half electron 
transfer (∆N), Back donation (∆Eb-d), electron 
donating power (ω-) and electron accepting 
power (ω+) of the molecules. Others are Dipole 
moment (Debye), Ionization Potential (I.P), 
Electron Affinity (EA), Energy gap (∆E) and 
electronegativity (χ). From the factors 
mentioned, the possible stability of the 
molecules during a specific process is explained 
by global reactivity (Table 1). 

Dipole moments, which account for molecular 
potential polarity, among the compounds under 
study revealed that TPE and PME were not 
electrically stable, that is why their dipole 
moments do not equal zero (0).   
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                             Geometric Optimized                                                                  Electron Density 

 

                            HOMO Orbitals                                                                        LUMO Orbitals 

b) TPE molecule 

 

                                         Geometric Optimized                                       Electron Density 

 

                                     GeometricOptimized                                            Electron Density 

Figure 2 geometric optimized molecule, HOMO and LUMO orbitals of the compound and the 

electron density. 
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Table 1. The frontier energies of the molecules 

Parameters studied  PME TPE 

HOMO (orbital number) 
LUMO (orbital number) 
EHOMO (eV) 
ELUMO (eV) 
Dipole moment (Debye) 
I.P (eV 
EA (eV) 
∆E(eV) 
electronegativity(χ) 
electron transfer(∆N) 
∆Eb-d Ev 
(ω-) 
(ω+) 
ΔN 

76 
77 
-5.018 
-0.152 
1.86 
5.018 
0.152 
4.866 
2.585 
0.907 
-0.608 
2.969 
0.384 
0.622 

88 
89 
-6.371 
-1.260 
2.17 
6.371 
1.260 
5.111 
3.816 
0.622 
-0.645 
5.076 
1.260 
0.907 

 

This suggests that, the value of the electron 
affinity possessed by the molecules, is enough 
ground to believe that the lowest possible 
ionization may increase the effectiveness of 
electron transfer from molecules to the metal 
surface and vice versa.  

Using the computed number of electron 
transfer (ΔN) of the molecules, this suggested 
that, the capacity of these inhibitors to donate 
electrons to the metal surface improves with 
inhibition efficiency hence the best inhibitor is 
therefore linked to the largest proportion of 
electrons transported [10–14]. 

From the molecules studied, TPE half electron 
transferred value is grater than that of PME 
within the range of (ΔN<3.6) suggesting that, 
inhibition efficiency of the molecules depends 
on the number of the electron transferred but 
not only by the size of the molecules [26,29].  

The electron donor and acceptor power 
determined by calculating the values of the 
molecules showed that a system with a higher 
ω+ value is more capable of receiving charges, 
while a system with a lower ω− value is more 
suitable for donating electrons. The molecules 
followed the trend based on the computed 
values that were obtained [18].  

The difference between a molecule's LUMO and 
HOMO energies is known as the energy gap 
[10–15]. A slower potential for electron 
transport between atoms inside molecules is 
indicated by a greater discrepancy between 
LUMO and HOMO values [9–13]. The 
investigated compounds' reduced energy gap 
demonstrates their enormous potential. The 
molecules' energy gaps were in the order of 
TPE> PME. This demonstrates that PME 
inhibitor, in comparison to TPE inhibitor will 
be more effective in slowing the corrosion 
process on the metal surface base on the lower 
value of the energy gap presented. Also, TPE is 
more stable inhibitor compare to PME 
molecule and will be more reactive in 
preventing corrosion activities on the metal 
surface. 

Fukui Functions 

The relative reactivity of each atomic site in the 
molecule may be explained using Fukui 
functions, a measure of local reactivity [1]. 
Because there are many substituted hetero-
atoms in the molecule, the condensed Fukui 
Function and local reactivity indices allow for 
the description of the various molecular 
components based on their distinct chemical 
behaviors [7]. Descriptors called Fukui indices 
can be used to identify an assault as being 
radical, electrophilic, nucleophilic, or any 



 

 

111 

2024, Volume 4, Issue 2 

 

Eurasian Journal of Science and Technology  

 combination of these [10]. The atoms with the 
highest negative charge densities are thought 
to have the most potentially reactive locations 
for molecule adsorption. Gaining knowledge 
about the active locations for the compounds' 
possible radical assault is interesting given the 
possible use of the investigated molecules as 
inhibitors. The condensed dual descriptor's 
estimated findings using both f2 Mulliken (M) 
and f2 Hirshfield (H) atomic charges were 
provided. As shown in Table 2-3 for the 
molecules. the electrophilic and nucleophilic 
Parr functions with Hirshfeld atomic spin 
densities Pk+(H) and Pk-(H) are the 
electrophilic and nucleophilic Parr functions 
with Mulliken atomic spin densities Pk+(M) and 
Pk-(M). The result of the local reactivity 
descriptors in Table 3-4, concluded that C1, O3, 

O4 and C23 will be the preferred sites for a 
nucleophilic attack and that the atoms will act 
as electrophilic sites for a nucleophilic attack in 
the PTE molecule [8]. H40 and H4 are examples 
of compounds that are attacked 
electrophilically. The second Fukui function 
(dual descriptor) generally showed that the 
molecule TPE has a greater propensity for 
nucleophilic assault, thus f2(M) and f2(H) had 
positive values in contrast to the negative and 
zeros, which denote electrophilic and radical 
attacks, respectively [15]. The second molecule 
PME exhibits a similar pattern, with O16 
having the greatest value for both nucleophilic 
and electrophilic properties. This suggests that 
O16 has the ability to both donate and take 
electrons from the mild steel surface [12]. 

 

Table 2 The fukui functions of the pte molecule 

Atom  𝑃𝑘
+(M) 𝑃𝑘

+(H) 𝑃𝑘
−(M) 𝑃𝑘

−(H) 𝑓2(M) 𝑓2(H) 

C (1) 0.227 0.217 0.004 0.009 0.223 0.208 

C (2) 0.063 0.057 0.001 0.002 0.062 0.055 

O (3) 0.232 0.226 0.023 0.027 0.209 0.199 

O (4) 0.109 0.115 0.018 0.014 0.091 0.101 

F (5) 0.063 0.059 0.009 0.005 0.054 0.054 

F (6) 0.065 0.073 0.008 0.007 0.057 0.066 

F (7) 0.065 0.073 0.01 0.01 0.055 0.063 

C (8) -0.053 0.018 0.001 0.006 -0.054 0.012 

C (9) -0.024 0.005 0.012 0.008 -0.036 -0.003 

C(10) -0.01 0.006 0.008 0.013 -0.018 -0.007 

C(11) -0.009 0.003 0.009 0.017 -0.018 -0.014 

C(12) -0.011 0.003 0.006 0.023 -0.017 -0.02 

C(13) -0.005 0.002 0.011 0.028 -0.016 -0.026 

C(14) -0.005 0.001 0.01 0.033 -0.015 -0.032 

C(15) -0.005 0.001 0.01 0.037 -0.015 -0.036 

C(16) 0.00 0.001 0.014 0.039 -0.014 -0.038 

C(17) -0.001 0.001 0.014 0.039 -0.015 -0.038 

C(18) 0.002 0.001 0.015 0.038 -0.013 -0.037 

C(19) -0.004 0 0.01 0.035 -0.014 -0.035 

C(20) 0.001 0.001 0.014 0.031 -0.013 -0.03 

C(21) -0.006 0.001 0.008 0.025 -0.014 -0.024 

C(22) 0.002 0.001 0.017 0.024 -0.015 -0.023 
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Table 3 The fukui functions of the pme molecule 

Atom  𝑃𝑘
+(M) 𝑃𝑘

+(H) 𝑃𝑘
−(M) 𝑃𝑘

−(H) 𝑓2(M) 𝑓2(H) 

C (1) 0.263 0.216 0.058 0.102 0.205 0.114 

C (2) -0.08 0.048 -0.003 0.009 -0.077 0.039 

C (3) 0.021 0.008 -0.071 0.021 0.092 -0.013 

C (4) -0.019 -0.005 -0.004 0.022 -0.015 -0.027 

C (5) 0.019 0.003 -0.058 0.003 0.077 0.000 

C (6) -0.013 0.000 0.00 0.009 -0.013 -0.009 

C (7) -0.016 -0.007 0.006 0.009 -0.022 -0.016 

C (8) 0.004 0.011 -0.012 -0.006 0.016 0.017 

C (9) -0.001 0.003 -0.004 -0.001 0.003 0.004 

C(10) -0.023 0.007 0.017 -0.004 -0.04 0.011 

C(11) 0.000 0.005 -0.003 -0.004 0.003 0.009 

C(12) -0.02 0.008 0.016 -0.007 -0.036 0.015 

C(13) -0.009 0.007 0.007 -0.007 -0.016 0.014 

C(14) 0.02 0.007 -0.023 -0.006 0.043 0.013 

C(15) -0.034 0.009 0.031 -0.007 -0.065 0.016 

O(16) 0.148 0.202 0.468 0.388 -0.32 -0.186 

O(17) 0.097 0.069 0.053 0.116 0.044 -0.047 

C(18) -0.134 0.051 0.07 -0.001 -0.204 0.052 

C(19) -0.104 0.017 0.013 0.043 -0.117 -0.026 

 

Molecular Dynamic Simulation  

A method devised to investigate the possible 
mechanism of chemical reactions that lead to 
molecule-to-surface interactions on metal 
surfaces for inhibition is called "compound 
simulation on metal surfaces" [19–24]. stating 
the expected response and its potential 
viability in a real-world scenario. A thorough of 
understanding of the protective inhibitor 
molecule's interaction with the metal surface is 

necessary to clarify the inhibition mechanism 
[10]. Fe (110) crystal surface was constructed 
in this context in order to investigate the 
nature of inhibition of two molecules, TPE and 
PME. This is due to the fact that Fe (110) is one 
of the iron surfaces that has a high surface 
coverage and density [12].  In mild steel alloys 
that are positively charged in relation to the 
potential of zero charge (PZC) in solution, iron 
makes up the majority of the metal content—
roughly 90% [2] (Figures 3a, 3b). 

 

Figure 3a The snap short of PTE on the surface of mild steel 
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Figure 3b The snap short of PME on the surface of mild steel 
 

Table 4 Present adsorption energy obtained from the computational simulation of the molecules 

PME and TPE 

Properties (kJ.mol-1) TPE PME 

Total Potential Energy 

Energy of the Molecule 

Energy of Fe (110) 

Adsorption energy 

Binding energy 

-549.464±2.3 

-175.377±2.1 

   0.000 ±0.0 

-374.087±2.2 

374.087±2.2 

-986.887±17 

-373.978±0.0 

   0.000 ±0.0 

-312.909±8.5 

312.909±8.5 

 

Following QSAR analysis at 350K, Table 4 

showed the energy of the inhibition on the 

surface of Fe (110). Strong chemisorption with 

enough energy is confirmed by the size of the 

adsorption energy obtained, which was greater 

than the threshold value of 40 kJ/mol [17–20]. 

This is the inhibition of the TPE and PME 

molecules, which were best explained by their 

chemical behavior together with the mild steel  

Conclusion  

Based on the investigation, the DFT quantum 

chemical technique was used to explore the 

molecules TPE and PME for the inhibitory 

efficiency on mild steel Fe (110). Based on the 

inhibition process's binding and adsorption 

energies, it can be concluded that both 

compounds' inhibition process included a 

greater degree of chemisorption mechanism. 

The number of electron transfer (ΔN) value of 

iron indicates that electron transfer was the 

driving force behind the inhibitory process. 

Both of the molecules' Fukui values indicate 

that they have a lot of potential and that their 

hetero-atom functional group delocalization on 

the surfaces contributed to their adsorptive 

strength. The larger percentage of positive 

values reported on the acquired f2 value 

indicates that all of the molecules were more 

donor agents on the mild steel surface, as 

explained by the second fukui function.  
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