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ABSTRACT  ARTICLE INFO 

The corrosion inhibitor activities of 10 molecules (Benzene (C1), Phenol (C2), 
Toluene (C3), Benzoic acid (C4), Acetophenone (C5), Chlorobenzene (C6), 
Bromobenzene (C7), Benzaldehyde (C8), Naphthalene (C9), and Anthracene (C10) 
were investigated using quantum mechanical methods. The energy of the highest 
occupied molecular orbital (EHOMO), the energy of the lowest occupied molecular 
orbital (ELUMO), the energy bandgap (E = ELUMO - EHOMO), and the dipole moment (μ) 
were all estimated in this study. The parameters mentioned can provide information 
about the corrosion efficiency of organic compounds. In addition, the density 
functional theory (DFT) was used to determine the geometry of the molecules as well 
as the electronic properties of the compounds. Physical parameters such as chemical 
hardness (ɳ), softness (σ), and electronegativity (χ) were determined using B3LYP/6-
31G (d, p). As well as the quantum chemistry properties like the fraction of electrons 
transported (ΔN) between the iron surface and the titled compounds have been 
calculated. This research also aimed to find which variables have a significant linear 
relationship with inhibitory performance. According to the results, the behavior of 
organic-based corrosion inhibitors is related to the effectiveness of good corrosion 
inhibitors and the quantum chemical parameters measured during this process. As a 
result, corrosion inhibitor behavior can be predicted without the need for an 
experiment. 
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1. Introduction 

Metals are protected against corrosion by corrosion 
inhibitors. Inhibitors are chemicals to a corrosive medium 
that delay or stop metal corrosion [1-5]. Corrosion processes 
are responsible for a large number of deaths, particularly in 
the manufacturing industry. The only way to deal with it is 
to discourage it, as is evident. Corrosion inhibitors are one of 
the most well-known and successful strategies in the 
industry for avoiding or reducing metal surface damage or 
oxidation [6-8].  

Because of their outstanding anti-corrosive properties, 
inhibitors have long been utilized in industry. However, 
many of them came as a result of side effects, resulting in 

environmental damage. Therefore, scientists began to search 
for ecologically acceptable compounds, such as organic 
inhibitors [9-16]. As a result, organic coatings have long 
been recognized as a low-cost technique for preventing 
metal corrosion [17]. The majority of organic inhibitors 
work by adsorbing onto metal surfaces [18]. Organic 
inhibitor molecules can adsorb onto corroding metals either 
physically or chemically [19]. 

The performance of the inhibitor can be investigated 
experimentally and/or theoretically by computational 
chemistry. Weight loss, linear polarization, potentiodynamic 
polarization, electrochemical impedance spectroscopy (EIS), 
UV visible spectroscopy, scanning electron microscope 
(SEM), X-ray spectroscopy (EDX) [20], and cyclic 
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voltammetry [21] are commonly used to perform 
observations of corrosion inhibition efficiency and to check 
the inhibition mechanism. On the other hand, depending 
only on experimental approaches is costly, time-consuming, 
and hazardous to the environment [22]. For this reason, 
many researchers have been working in computational 
chemistry [1, 23-26]. 

Quantum chemical calculations are used to identify the 
structural characteristics of organic corrosion inhibitors that 
are associated with corrosion inhibition properties [23]. 
Density functional theory (DFT) is a quantum chemistry 
approach for measuring the electronic properties of 
molecules [27, 28] and analyzing inhibitor/surface 
connections in corrosion inhibition research. Different 
electronic characteristics derived from quantum chemistry 
techniques are employed for calculations of corrosion 
inhibition capabilities as well as to support experimental 
measurements [29-31]. 

In this study, the density functional theory (DFT) at 6-31G 
(d, p) basis set was used to examine the corrosion inhibiting 
properties of 10 molecules (Benzene (C1), Phenol (C2), 
Toluene (C3), Benzoic acid (C4), Acetophenone (C5), 
Chlorobenzene (C6), Bromobenzene (C7), Benzaldehyde 
(C8), Naphthalene (C9), and Anthracene (C10)). In addition, 
the parameters typically connected to inhibition efficiency 
are identified. 

 

2. Methodology 

Chem. Bio Draw Ultra 14.0 was used to draw the 
structures of the molecules (Benzene, Phenol, Toluene, 
Benzoic acid, Acetophenone, Chlorobenzene, 
Bromobenzene, Benzaldehyde, Naphthalene, and 
Anthracene) (Figure 1). All computations were performed 
using the Gaussian 09 packages. With Gaussian 09 program 
allows users to do many computations [32-39]. The ten 
molecules first have been optimized. The DFT method is 
used to precisely determine the electronic characteristics of 
the structures by taking into consideration the electron 
density and producing the appropriate data over this electron 
density. B3LYP is well-liked for a variety of reasons. It was 
one of the first DFT approaches to outperform Hartree-Fock. 
B3LYP is often quicker than most Post-Hartree-
FockHartree-Fock methods, and the results are usually 
similar. For a DFT approach, it is also rather robust. It is not 
as highly specified as other hybrid functionals on a more 
basic level [40, 41]. Furthermore, the Gaussian 09W 
software's hybrid function B3LYP, which is compatible 
with the workstation's capability, and 6-31G (d,p) [42-44] as 
the basis set were employed.  

The total energy, the energy of the maximum occupied 
molecular orbital (EHOMO), the energy of the lowest 
unoccupied molecular orbital (ELUMO), energy difference ∆E, 
dipole moment (µ), ionization energy, electron affinity, 
chemical hardness (ɳ), softness (σ), nucleophilicity (ε) index, 
electrophilicity (ω) index, chemical potential (Pi), and 
electronegativity (χ) have all been calculated. The 
transmitted electron fraction (ΔN) between the copper 
surface and the molecules has been computed. 
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Figure 1. The structures of the molecules 
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3. Result and Discussion  

3.1 Structure optimization  

The gas-phase geometry optimizations of all the structures (M1-10) were investigated by B3LYP (Fig. 2). Using 6-31G(d,p) 
basis set. 

 

 

Figure 2. Geometrical optimization for all samples. 

 

3.2 Inhibitor Parameters 

Electronic structure identifiers have been derived 
from the electronic structure of the molecule and linked to 
the electronic structure [45]. The consistent electronic 
structural parameters, which contain EHOMO, ELUMO, ΔE gap, 
σ, χ, Pi, σ, χ, ε, μ. The HOMO, LUMO, and μ data were 
resulting from the Gaussian outturn of the molecular profile. 
The existing equations in the literature can be used to 
calculate other parameters. The highest occupied and lowest 
unoccupied energy levels are defined as EHOMO and ELUMO, 
respectively, and their values determine a material's 
reactivity or passivity. According to Koopman's theorem, 
EHOMO and ELUMO values of any chemical type are associated 
with its ionization energy and electron affinity values [46, 
47]. The parameters ΔE [48], η, σ [49], χ, and Pi [50] are 
calculated according to the following equations: 

 

I = -EHOMO, A = -ELUMO, ΔE = (ELUMO – EHOMO),  ɳ = (I – A) / 
2,  σ = I/ɳ ,   χ = (I + A) / 2, Pi = -χ , ω = Pi2/2ɳ  and  ε = Pi * 
ɳ 

 

The electrophilicity index (ω) is a measure of energy 
depletion due to the overall electron flow between the 
transmitter and the receiver. The nucleophilicity index (ε) is 
a new chemical structure identifier. The number of electrons 

transported between the inhibitor and the metal surface is 
calculated using the following equation (ΔN) [19]. 

 

ΔN =
χmetal − χinhibitor

2. (ɳmetal −  ɳinhibitor)
 

 

The value of χ and ɳ for the compound are calculated 
theoretically using DFT/B3LYP level with a 6-311G(d, p) 
basis set, while experimentally values for χ metal and ɳ 
metal were found from the literature [51] which was 
calculated by Pearson. According to Pearson, an individual 
metal's electron affinity (A) and ionization potential (I) are 
considered to be equal (I = A), and ɳ for a single metal value 
is assumed to be zero. Table 1 shows the electronic structural 
characteristics and total energy for the mentioned molecules. 
From Table 1 the HOMO and LUMO energies appear that 
they have a general tendency among them. HOMO is 
important for corrosion studies because it is related to 
electron-donating capacity. The inhibitory effect of inhibitor 
molecules increases with increasing HOMO values [52]. As 
a result, it affects the charge transfer mechanism along the 
metal surface, allowing for adsorption. The EHOMO ordered as 
follows: 
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C10>C9>C3>C2>C7>C6>C1>C5>C8>C4 

According to the high EHOMO value, compound C10 has 
the highest inhibitory activity and compound C4 has the 
lowest inhibitory activity (Fig. 3). LUMO refers to the 
ability to accept electrons. A low ELUMO value indicates that 
the inhibitor can add a negative charge to the metal surface.  
The ELUMO ordered as shown below: 

 

C2>C1>C3>C6>C7>C9>C4>C5>C10>C8 

 

According to the ELUMO sequence, the LUMO energy of C10 
has the lowest energy and the LUMO energy of C2 has the 
highest energy. It was determined that the C10 inhibitor was 
reactive by acting as a donor, and its inhibitor activity was 
therefore high. The C4 inhibitor has the lowest ELUMO and 
lowest EHOMO values. While low EHOMO inhibitors reduce 
metal reactivity, the metal inhibitor acts as a donor to the 
inhibitor. As a result, the inhibitor's activity decreases while 
the metal's reactivity increases. C10 molecule has the most 
effective corrosion inhibition based on HOMO-LUMO 
energies, see Figure 3. 

 

 
Figure 3. HOMO & LUMO energy levels for both Benzoic acid (C4), and Anthracene (C10). 

 
The energy gap between EHOMO and ELUMO has a significant 
and clarity determining theoretical inhibition efficiency as 
well as static molecular reactivity. The sequence of the 
inhibitors was shown as follows based on the energy gap 
value: 
C10>C9>C8>C5>C4>C7>C3>C6>C2>C1 
 
The energy bandgap is a measure of the activity of the 
molecule. For inhibitor studies, it is critical to compare ΔE. 

The lower value of the energy bandgap results in better 
inhibition efficiency. The lower ΔE value in corrosion 
inhibitors is determined by the EHOMO rather than the ELUMO. 
Anti-corrosion agents can be made from inhibitor derivatives 
with high HOMO energy and low ΔE [52]. Given the above 
EHOMO and ΔE sequence, C10 will provide good inhibition 
activity depending on the highest HOMO energy value. 

 
Table 1. The electron structure identifiers were calculated using the 6–31(d,p) basis of molecules in the gas phase at the 
DFT/B3LYP theory level. 

Parameters Equations Benzene Phenol Toluene Benzoic 
Acid 

Aceto 
phenone 

Chloro 
benzene 

Bromo 
benzene Benzaldehyde Naphthalene Anthracene 

Total 
Energy 
(a.u)  

-
232.2582 

-
307.4722 

-
271.5788 

-
420.8354 

-
384.9082 

-
691.8529 

-
2803.3617 -345.5827 -425.0630 -617.8310 

μ (D)  0.0000 1.5635 0.3423 1.9154 2.9830 1.9180 1.8099 3.2818 0.0000 0.0015 
ELUMO 
(eV)  -0.0729 -0.0188 -0.1222 -1.3135 -1.4809 -0.3646 -0.3655 -1.7260 -0.9793 -1.6485 

EHOMO  -6.7194 -6.4794 -6.4121 -7.0935 -6.7259 -6.7139 -6.5901 -6.9447 -5.8026 -5.2393 
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(eV) 

ΔE (eV)  6.6464 6.4606 6.2900 5.7800 5.2450 6.3493 6.2247 5.2186 4.8233 3.5908 

I (eV) I = -
EHOMO 6.7194 6.4794 6.4121 7.0935 6.7259 6.7139 6.5901 6.9447 5.8026 5.2393 

A (eV) A = -
ELUMO 0.0729 0.0188 0.1222 1.3135 1.4809 0.3646 0.3655 1.7260 0.9793 1.6485 

χ (eV) χ = (I + A) / 
2 3.3961 3.2491 3.2672 4.2035 4.1034 3.5393 3.4778 4.3354 3.3910 3.4439 

ɳ (eV) ɳ = (I – A) 
/ 2 3.3232 3.2303 3.1450 2.8900 2.6225 3.1746 3.1123 2.6093 2.4116 1.7954 

σ (eV) σ = 1/ɳ 0.3009 0.3096 0.3180 0.3460 0.3813 0.3150 0.3213 0.3832 0.4147 0.5570 
Pi (eV) Pi = -χ -3.3961 -3.2491 -3.2672 -4.2035 -4.1034 -3.5393 -3.4778 -4.3354 -3.3910 -3.4439 
ω (eV) ω = Pi2/2ɳ 1.7353 1.6340 1.6970 3.0570 3.2102 1.9729 1.9431 3.6016 2.3840 3.3030 
ε (eV) ε = Pi. ɳ -11.2861 -10.4954 -10.2752 -12.1482 -10.7612 -11.2359 -10.8240 -11.3123 -8.1778 -6.1833 

ΔN 

ΔN = 
(χmetal - 
χinhibitor) 
/ 2. (ɳmetal 
- 
ɳinhibitor) 

0.5422 0.5806 0.5935 0.4838 0.5523 0.5451 0.5659 0.5106 0.7483 0.9903 

 

Table 2 shows the atomic charge distributions on the 
inhibitor's molecular structure. Mulliken population analysis 
is a popular method for predicting the adsorption centers of 
inhibitor molecules (Table 2). Many researchers agreed that 
the presence of negatively charged heteroatoms increases the 
ability to adsorb on the metal surface by the donor-acceptor 

mechanism [53, 54]. As the result, the negatively charged in 
the center of the aromatic ring, C10 has an effective 
inhibitory effect. The aromatic ring has a denser red color, as 
seen in the MEP map in Figure 4. This can be interpreted as 
the C10 inhibitor being coordinately bound to the metal 
surface from these centers. 

 
Table 2. Charge distribution on the atoms for each molecule. 

Benzene Phenol  Toluene Benzoic 
Acid 

Aceto 
phenone 

Chloro 
benzene 

Bromo 
benzene 

Benzaldehyd
e 

Naphthalen
e 

Anthracen
e 

1 C    
-
0.08392
1 

1 C    
-
0.08307
8 

 1 C    
-
0.08731
5 

1 C    
-
0.07275
7 

1 C    
-
0.07404
0 

1 C    
-
0.07627
4 

1 C    
-
0.08474
2 

1 C   
-0.073778 

1 C    
-0.092621 

1 C    
-0.097884 

2 C    
-
0.08381
7 

2 C    
-
0.09104
7 

 2 C    
-
0.08462
8 

2 C    
-
0.09000
6 

2 C    
-
0.09186
0 

2 C    
-
0.08649
9 

2 C    
-
0.07886
3 

2 C    
-0.088063 

2 C    
-0.128589 

2 C    
-0.120643 

3 C    
-
0.08390
0 

3 C    
-
0.09322
2 

 3 C    
-
0.11316
1 

3 C    
-
0.10309
2 

3 C    
-
0.11794
1 

3 C    
-
0.07627
4 

3 C    
-
0.09151
0 

3 C    
-0.113867 

3  C    
0.101945 

3  C    
0.110050 

4 C    
-
0.08392
1 

4 C    
0.28543
3 

 
4 C    
0.10270
4 

4 C    
0.04976
8 

4 C    
0.05113
6 

4 C    
-
0.07474
4 

4 C    
0.05566
9 

4 C     
0.036810 

4  C    
0.102287 

4  C    
0.110043 

5 C    
-
0.08381
7 

5 C    
-
0.09322
2 

 5 C   
-
0.11316
1 

5 C    
-
0.09700
0 

5 C    
-
0.09587
8 

5 C    
-
0.08942
9 

5 C    
-
0.09151
0 

5 C    
-0.093975 

5 C    
-0.128295 

5 C    
-0.120666 

6 C    
-
0.08390
0 

6 C    
-
0.09104
7 

 6 C    
-
0.08462
8 

6 C    
-
0.08941
4 

6 C    
-
0.08756
7 

6 C    
-
0.07474
4 

6 C    
-
0.07886
3 

6 C    
-0.085367 

6 C    
-0.092980 

6 C    
-0.097881 

  

12 O    
-
0.59514
3 

 12 C    
-
0.37431
4 

12 C    
0.54677
2 

12 C    
0.37529
2 

12 Cl   
-
0.02069
9 

12 Br   
-
0.12701
8 

12  C    
0.257623 

10 C    
-0.128213 

7 C    
-0.209498 

       13 O    13 O        14 O   11 C    8 C    
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-
0.53130
8 

-
0.46854
7 

 -0.425203 -0.128707 -0.209489 

    

 

  

15 O    
-
0.46659
8 

14 C    
-
0.38500
7       

14 C    
-0.092621 

9  C    
0.110006 

    
 

            
15 C    
-0.092937 

10  C    
0.110076 

    
 

              
11 C    
-0.120682 

    
 

              
13 C    
-0.097872 

    
 

              
14 C    
-0.097903 

    
 

              
15 C    
-0.120635 

C: is the carbon number.  

 

 
Figure 4. MEP map for Anthracene (C10) 

 
The ɳ and σ are two additional important parameters that 
provide information about an inhibitor's stability, reactivity, 
and inhibitor activity. The letters ɳ and σ of inhibitors are 
arranged as follows: 
 
ɳ       C1>C2>C6>C3>C7>C4>C5>C8>C9>C10 

 

σ        C10>C9>C8>C5>C4>C7>C3>C6>C2>C1 

Because the organic chosen as an inhibitor acts as a Lewis 
base, and soft inhibitors are more reactive than hard 
inhibitors, they are better corrosion inhibitors [55]. In this 
case, the C10 inhibitor with high EHOMO and low ΔE had 
high softness and low hardness values. The values ɳ and σ 
indicate that the C10 inhibitor has the most potent inhibitory 
effect. 

Electronegativity (χ) and chemical potential (Pi) are two 
additional parameters used to calculate inhibitor activity. 
The χ calculated inhibitor values provide information on 

how the coordinated covalent bond between the metal and 
the inhibitor is formed [52]. The χ sequenced as follows: 

 

C8>C4>C5>C6>C7>C10>C1>C9>C3>C2 

 

The corrosion inhibition activity of molecules designed as 
inhibitors on iron metal was investigated in this study. The χ 
values calculated for the inhibitors in Table 1 were found to 
be lower than the experimental χ value for the iron metal. As 
a result, the iron metal will form bonds by absorbing 
electrons from the inhibitor compound. When we look at the 
χ sequence, the C10 and C9 inhibitors with the lowest χ 
value compared with another molecule will be the most 
effective corrosion inhibitor. The inverse of electronegativity 
is Pi. The molecules with high chemical potential will have 
high activity against other molecules, whereas the molecules 
with low potential will provide low activity [56]. C10 and 
C9, as shown in Table 1, are the most active inhibitors. 
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The ω and ε indices are important parameters in corrosion 
inhibitor activity. The ω index denotes an inhibitor 
molecule's ability to accept electrons. The ε index indicates 
the inhibitors' ability to donate electrons. The inhibition 
activity increases as the ω or ε values decrease. The 
theoretical inhibition efficiency sequence in this study, 
according to ω and ε, is as follows:  

 

ω  C8>C9>C10>C5>C4>C6>C7>C1>C3>C2 

 

ε   C10>C9>C3>C2>C5>C7>C6>C1>C8>C4 

 

The calculated ω value of the C10 inhibitor decreased, and 
the ε value increased, as shown in the sequence. The C10 
inhibitor has the most effective inhibitory effect with ω and ε 
values by the other parameters. 

When the ΔN [19] values for iron and metal inhibitors are 
compared (Table 1), it can be concluded that the C10 
molecule transfers more electrons to the iron metal, making 
it a more effective inhibitor. 

The dipole moment is another parameter that has been 
shown in Table 1. However, no clear link between μ and 
inhibition activity has been found in the literature. According 
to certain studies, the activity of molecules with higher μ 
values leads to better inhibition, whereas other studies claim 
that the inhibition effect increases with decreasing μ value. 
The C10 inhibitor has a low dipole moment, which is 
consistent with the other parameters. This can be interpreted 
as better metal surface coverage at low μ values. 

4. Conclusion 

The inhibitory activity of ten organic-based 
compounds was theoretically investigated in this study using 
the Gaussian package program. According to the results, 
ELUMO values of inhibitors with high EHOMO values were also 
found to be high. As a result, it was determined that the C10 
inhibitor was reactive by acting as a donor, and as a result, 
its inhibitor activity was high. Inhibitor derivatives with high 
EHOMO and low ΔE can be used as anti-corrosion agents. 
Given the EHOMO and ΔE sequence, compound C10 will 
provide good inhibition activity depending on the highest 
value of EHOMO. When the Mulliken atomic charges of the 
C10 inhibitor are examined, it can be stated that the 
electronegative atoms have a significant effect on the 
inhibition activity. The negatively charged atoms have 
HOMO centers on them, and from these centers, the 
inhibitor can be bound to the metal surface. The most active 
region in the MEP map can be seen around the ring. The 
calculated ƞ, σ, χ, Pi, ω, and ε parameters support the 
conclusion that the C10 inhibitor has the most effective 
corrosion inhibition effect. The lower χ the inhibitor value, 
the more the iron metal will form a bond by taking electrons 
from the inhibitor compound, and the higher the ΔN value, 

the more the inhibitor will be adsorbed to the metal surface 
and the corrosion inhibition effect will increase. It can be 
interpreted as the C10 inhibitor, which is included in the 
study, being better at covering the metal surface at low 
dipole moment values, even though a clear conclusion about 
the dipole moment is not found in the literature. It is 
discovered that there is a close relationship between the 
activity of organic-based corrosion inhibitors with good 
corrosion inhibitor activity and the process's calculated 
quantum chemical parameters. One of its most significant 
advantages is that the studied structure can be changed based 
on calculations. The C10 compound has effective corrosion 
inhibition properties and thought to be more effective if the 
number of rings in other molecules' structures will be 
increased. 
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