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Abstract 

The current study investigates the compounds (2-7) physical characteristics, to choose the best corrosion inhibition. 6-311G/ (d, p) 

base set and Density Functional Theory (DFT) was utilized to estimate inhibitor efficacy. Physical characteristics such as ionization 

energy (dipole moment, softness, and hardness) are computed for compounds with occupied orbitals (energy gap), hardness 

(hardness), and softness (softness). Compound 7 is the most effective, followed by compound 5 with medium efficiency and (2) 

with the lowes efficiency. The (HOMO-LUMO)  state and the total electron density (TED) are also discussed. 
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Introduction 

Metal corrosion is a phenomenon that occurs when metallic surfaces interact with their surroundings, resulting in the breakdown of 

the metals. It is a pollution process that involves changing steel to a more chemically stable state or returning it to its ores, such as 

oxide or hydroxide (1). On the other hand, is the metal's progressive deterioration caused by chemical interaction with its 

surroundings. Corrosion is the disintegration of metal structures caused by their interaction with the environment (2). Metals are 

used to make various items, including pipes, constructions, and other things. Corrosion is a significant factor in the chemical industry 

since it is the root of many difficulties in production lines and is frequently the cause of malfunctions and production interruptions 

(3). Product leakage from corrosive units pollutes the environment and risks people's health. && Because of its mechanical qualities, 

mild steel is commonly used in the gas, oil, and chemical sectors, and steel is utilized in the industry because it is less expensive 

than anti-corrosive metals or alloys (4,5). 

Despite this, contact with corrosion-causing circumstances, especially those containing chloride ions, causes this alloy to corrode. 

Inhibitors are compounds added to acidic, basic, or saline solutions in extremely minute amounts, measured in parts per million 

(ppm), via adsorption on metal surfaces, depending on the nature of the adsorbed metal surface and the media. The inhibitors function 

by slowing down the pace of mineral corrosion or oxidation (6-8). The most well-known technique of preserving metal surfaces 

from corrosion is to employ various inhibitors; Due to their exceptional anti-corrosion properties, chemical structure, and interactions 

with the metal surface, They are perhaps the most suitable materials in the industry. In recent years, heterocyclic derivatives, green 

organic molecules, and biological commodities have been used to reduce mild steel corrosion rates, according to a literature review 

(9-13). Even though consumers contain one or more atoms with high electron density in their structures, such as nitrogen, oxygen, 

sulfur, and phosphorous, and the presence of unsaturated bonds in the aromatic rings, five-member heterocyclic derivatives are 

commonly used as corrosion inhibitors to protect metallic corrosion in various solutions. Steel is the most important engineering 

material in the industry since it is used in many different applications, including equipment, buildings, automobiles, and other areas 

of our daily life. These constructions are made of different steel grades with different chemical compositions. (14-16). Due to its 

superior mechanical and physical properties, low- mild or carbon steel are among the most commonly used alloys in constructing 

various oil equipment. Corrosion is a problem for mild steel, as it is for other metals and alloys. (17). This study included suggested 

the inhibitions compounds of corrosion by quantum parameters. 

Calculations models 

This project made use of the Gaussian 09 software. A hybrid function of Becke three-parameters Lee, Yang, and Parr were used in 

the quantum chemical computations using Gaussian 09 tools and density functional theory (DFT) (B3LYP). Because it offers 

accurate electrical characteristics and geometries for many organic molecules, the 6-31G (d, p) basis range was utilized (as shown 

in Figure 1), with similar findings [18,19]. We used a vacuum medium for our computations [20]. 
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Figure 1: Equilibrium geometry of the inhibitor's molecules was calculated by DFT (B3LYP/6-311+G (d, p)) methods. 

 

Theoretical results as corrosion inhibition 

Inhibitors parameters 

Molecular centers were found to be drawn to metal surfaces using the molecular Orbital Theory [21]. This theory predicted how 

absorbed inhibitor chemicals would interact with the metal surface. The inverse of the energy dependence of the stability of the 

difference in orbital energy, as ΔE = ELUMO-EHOMO, contributes to the authoritarian contribution via the Molecular orbital 

borders (FMO). Chemical inhibitors with high EHOMO values are more likely to donate electrons. An electron transfer capacity 

may be expressed as the energy HOMO (EHOMO). The LUMO energy (ELUMO) evaluates an electron-accepting potential by how 

well a molecule absorbs an electron. The energy gap (ΔE) between the orbital boundaries is another crucial component in 

characterizing molecular activity; as the energy gap narrows, the inhibitor's efficiency improves [22].   Tables 3 and 4 show the 

relationship between molecule inhibition efficiency and chemical quantum parameters such as the electrons' highest occupied 

molecular orbital (EHOMO), the lowest unoccupied molecular orbital energy (ELUMO), the energy gap (ΔE= ELUMO-EHOMO), 

electronegativity (χ), the dipole moment (µ), electron affinity (EA), the ionization potential (IP), and global softness (S). 

electronic affinity (EA) and the ionization potential (IP) were linked to the negative HOMO energy and the LUMO energy, 

respectively, according to Koopman's hypothesis 

HOMO
EIP                 1 
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 When removing an electron, the amount of energy available to remove it is known as the ionization potential (IP). Inhibition is very 

effective because of the low ionization energy. 

LUMO
EEA                 2 

When an electron is delivered to a neutral atom, the quantity of energy released is referred to as EA. The less stable the system is, 

and the more effective inhibition is, the higher the value of electron affinity. The second derivative of the E, hardness (η), evaluates 

both the stability and reactivity of a molecule[23]. 

2

EAIP
                3 

2

EAIP
X


                4 

The HOMO and LUMO energies were linked to these values. High inhibition efficiency is indicated by a low electronegativity 

value. Global softness (S) is the polar opposite of global hardness (H). The degree of softness is crucial in influencing the stability 

and reactivity of molecules. 



1
S                 5 

 Parr created the global electrophilicity index (ω), which is an estimate of the energy stability of a molecule after it absorbs an extra 

sum of electrons [24]. A score of 0 or below for the global electrophilicity index indicated a strong inhibitor. 

 



2

2
X

                6 

The inhibition values according to quantum parameters ; HOMO was 5 > 6 > 2 > 4 > 3 >7, LUMO was 6 > 5 > 4 > 2 > 3 >7 ΔE was 

7 > 3 > 4 > 2 > 5 > 6, µ was 6 > 5 > 2 > 4 > 3 > 3, IE was 5 > 6 > 2 > 4 > 3 > 7, EA was 7 > 3 > 4 > 2 > 5 > 6, χ was 6 > 5 > 2 > 4 

> 3 > 6, η was 7 > 4 > 3 > 2 > 5 > 6, S was 7 > 3 > 4 > 5 > 2 > 6, and 𝛚 was 6 > 5 > 2 > 4 > 3 > 7. While the final order of the 

inhibitors efficiency was 7 > 6 > 5 > 2 > 4 > 3 all parameters as shown in Tables 3 and 4. 

 

Table 3: DFT calculations of the inhibitors in vacuum medium at the equilibrium geometries. 

 

 

 

 

 

 

 

 

 

Table 4: Quantum chemical parameters for inhibitors in vacuum medium as calculated using DFT method. 

 

 

 

 

 

 

 

 

The optimized LUMO and HOMO density distributions for gas-phase molecules are shown in Figure 2. When it comes to electron 

density, red denotes a high value, while green denotes a low one. A metal surface with a high electron density may give electrons to 

other surfaces. The Green area is where electrons from the metal surface are caught [25]. As a consequence, it is necessary to 

Comp. EHOMO (eV) ELUMO (eV) ΔEHOMO-LUMO (eV) µ (Debye) 

2 -8.53613228 -2.5892218 5.94691 13.4775 

3 -8.63327912 -2.7086825 5.924597 11.0884 

4 -8.6153192 -2.6888177 5.926501 11.2538 

5 -8.47055136 -2.5356142 5.934937 13.7552 

6 -8.51014482 -2.4806459  6.029499 14.9197 

7 -9.04635728 -3.2921078 5.75425 3.7094 

𝛚 (eV) S (eV) η (eV) χ (eV) EA (eV) IE (eV) Inhib. 

5.203269 0.336309 2.973455 5.562677 2.589222 8.536132 2 

5.428222 0.337576 2.962298 5.670981 2.708682 8.633279 3 

5.390343 0.337467 2.963251 5.652068 2.688818 8.615319 4 

5.102652 0.336988 2.967469 5.503083 2.535614 8.470551 5 

5.008604 0.331703 3.014749 5.495395 2.480646 8.510145 6 

6.614143 0.347569 2.877125 6.169233 3.292108 9.046357 7 
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consider the distribution of these two areas. Since all of the atoms' nonbonding electrons were in the N=N configuration, the electron 

density around the receptor was extremely dense. Inhibitor 4, on the other hand, is located in resonance areas and donates N to 

receptors on the C=O side of the molecule. Although Inhibitor 5 has a high electron density aromatic ring and double bond region, 

the receptor site is often aromatic and based on double bonds. Similarly. 

 

 

Figure 2: The energy levels (HOMO-LUMO) orbitals of the studied inhibitors (7, 5, and 3). 

 

TED Maps 

 The electron density of the donor atom dictates the strength of the adsorption link. In other words, the total electron density (TED) 

of a molecule is a measure of the number of electrons present. As shown in Figure 3, red indicates areas of investigated molecules 

with a high degree of electron negativity, such as the (O) atom and certain portions of the (NO2), which may aid in the electrophilic 

attack. These atoms have a yellow hue and are also significantly electronegative [26, 27]. 

  

7 5 
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Figure 3: TED maps of the inhibitors. 

 

4. Conclusions 

Computer modeling was utilized to show the corrosive's inhibitory effectiveness. The inhibitors are listed in the following order: 7 

> 5 > 2. According to theoretical research, some compounds may be helpful as corrosion inhibitors. 

 

References 

1. Wang H, Xu J, Du X, Du Z, Cheng X, Wang H. A self-healing polyurethane-based composite coating with high strength and 

anti-corrosion properties for metal protection. Composites Part B: Engineering. 2021 Nov 15;225:109273. 

2. Souza J, Apaza-Bedoya K, Benfatti CA, Silva FS, Henriques B. A comprehensive review on the corrosion pathways of 

titanium dental implants and their biological adverse effects. Metals. 2020 Sep;10(9):1272. 

3. Alamri AH. Localized Corrosion and Mitigation Approach of Steel Materials Used in Oil and Gas Pipelines-An overview. 

Engineering Failure Analysis. 2020 Jul 15:104735. 

4. Khadom AA, Kadhim MM, Anaee RA, Mahood HB, Mahdi MS, Salman AW. Theoritical evaluation of Citrus Aurantium 

leaf extract as green inhibitor for chemical and biological corrosion of mild steel in acidic solution: Statistical, molecular 

dynamics, docking, and quantum mechanics study. Journal of Molecular Liquids. 2021 Jul 16:116978. 

5. Yaqo EA, Anaee RA, Abdulmajeed MH, Tomi IH, Kadhim MM. Aminotriazole Derivative as Anti‐Corrosion Material for 

Iraqi Kerosene Tanks: Electrochemical, Computational and the Surface Study. ChemistrySelect. 2019 Sep 13;4(34):9883-

92. 

6. Khudhair NA, Kadhim MM, Khadom AA. Effect of Trimethoprim Drug Dose on Corrosion Behavior of Stainless Steel in 

Simulated Human Body Environment: Experimental and Theoretical Investigations. Journal of Bio-and Tribo-Corrosion. 

2021 Sep;7(3):1-5. 

7. Khadom AA, Jassim SA, Kadhim MM, Ali NB. Influence of apricot constituents as eco-friendly corrosion inhibitor for mild 

steel in acidic medium: A theoretical approach. Journal of Molecular Liquids. 2021 Oct 30:117984. 

8. Kadhim MM, Juber LA, Al-Janabi AS. Estimation of the Efficiency of Corrosion Inhibition by Zn-Dithiocarbamate 

Complexes: a Theoretical Study. Iraqi Journal of Science. 2021 Oct 25:3323-35. 

9. Olajire AA. Corrosion inhibition of offshore oil and gas production facilities using organic compound inhibitors-A review. 

Journal of Molecular Liquids. 2017 Dec 1;248:775-808. 

10. Ech-Chihbi E, Belghiti ME, Salim R, Oudda H, Taleb M, Benchat N, Hammouti B, El-Hajjaji F. Experimental and 

computational studies on the inhibition performance of the organic compound “2-phenylimidazo [1, 2-a] pyrimidine-3-

carbaldehyde” against the corrosion of carbon steel in 1.0 M HCl solution. Surfaces and Interfaces. 2017 Dec 1;9:206-17. 

11. Al Zoubi W, Ko YG. Flowerlike organic–inorganic coating responsible for extraordinary corrosion resistance via Self-

assembly of an organic compound. ACS Sustainable Chemistry & Engineering. 2018 Jan 18;6(3):3546-55. 

12. Manh TD, Hien PV, Nguyen QB, Quyen TN, Hinton BR, Nam ND. Corrosion inhibition of steel in naturally-aerated chloride 

solution by rare-earth 4-hydroxycinnamate compound. Journal of the Taiwan Institute of Chemical Engineers. 2019 Oct 

1;103:177-89. 

13. Marzorati S, Verotta L, Trasatti SP. Green corrosion inhibitors from natural sources and biomass wastes. Molecules. 2019 

Jan;24(1):48. 

14. Assad H, Kumar A. Understanding functional group effect on corrosion inhibition efficiency of selected organic compounds. 

Journal of Molecular Liquids. 2021 Oct 7:117755. 

15. E.A. Hussein, I.M. Shaheed, R.S. Hatam, M.M. Kadhim, D.T. Al-Kadhum, E.A. AL-Kareem (2020), Adsorption, 

thermodynamic and DFT studies of removal RS dye on the Iraqi’s clay from aqueous solutions, Syst. Rev. Pharm. 11 

16. Tang Z. A review of corrosion inhibitors for rust preventative fluids. Current Opinion in Solid State and Materials Science. 

2019 Aug 1;23(4):100759. 

17. Murkute P, Pasebani S, Isgor OB. Metallurgical and electrochemical properties of super duplex stainless steel clads on low 

carbon steel substrate produced with laser powder bed fusion. Scientific Reports. 2020 Jun 23;10(1):1-9. 



Copyrights @Kalahari Journals Vol. 7 No. 1 (January, 2022) 

International Journal of Mechanical Engineering 

6438 

18. 18- Kubba RM, Khathem MM. Theoretical studies of corrosion inhibition efficiency of two new N-phenyl-ethylidene-5- 

Bromo isatin derivatives. Iraqi Journal of Science 2016; 57(2B):1041-1051. 

19. 19- Yaqo EA, Annee RA, Abdulmajeed MH, Tomi IH, Kadhim MM. Aminotriazole Derivative as Anti‐Corrosion Material 

for Iraqi Kerosene Tanks: Electrochemical, Computational, and the Surface Study. Chemistry Select 2019; 4(34): 9883- 9892.  

20. 20- Mustafa M. Kadhim and Rehab M. Kubba (2020), ''Theoretical Investigation on Reaction Pathway, Biological Activity, 

Toxicity and NLO Properties of Diclofenac Drug and Its Ionic Carriers'', Iraqi Journal Kadhim and Kubba of Science, Vol. 

61, No. 5, pp: 936-951 

21. 21- Ahmed H. Radhi, Ennis AB. Du, Fatma A. Khazaal, Zaid M. Abbas, Oday H. Aljelawi SD, Hamadan HAA and MMK. 

HOMO-LUMO Energies and Geometrical Structures Effecton Corrosion Inhibition for Organic Compounds Predict by DFT 

and PM3 Methods. NeuroQuantology. 2020;18(1):37-45. doi:10.14704/nq.2020.18.1. NQ20105 

22. 22- Khazaal FA, Kadhim MM, Hussein HF, et al. Electronic Transfers and (NLO) Properties Predicted by AB Initio Methods 

with Prove Experimentally. 2020;18(1):46-52. doi:10.14704/nq.2020.18.1. NQ20106 

23. 23- Koopmans, T. 1933. Über die zuordnung von wellen funktionen und eigenwerten zu den einzelnen elektronen eines toms. 

Physica., 1, pp: 104-113. 

24. Rauk, A. 2001. Orbital Interaction Theory of Organic Chemistry. Second Edition. John Wiley &Sons: NewYork. 

25. 24- Mustafa M.K., Abbas W. S., Ameerah M. Z. and Wesam R.K., Inhibition of SARS-CoV-2 reproduction using Boswellia 

carterii: A theoretical study. J. of Mole. Liq. 337 (2021) 116440. 

26. 25- Abdul E, Fanfoon DY, Al-uqaily RAH, et al. Materials Today: Proceedings 1-Isoquinolinyl phenyl ketone as a corrosion 

inhibitor: A theoretical study. Mater Today Proc. 2021;(XXXX). doi: 10.1016/j.matpr.2020.12.310 

27. 26- Eva A. Y., Rana A. A., Majid H. A., Ivan H. R. and Mustafa M. K. (2019) Electrochemical, morphological and theoretical 

studies of an oxadiazole derivative as an anti-corrosive agent for kerosene reservoirs in Iraqi refineries, Chemical Papers, 

4:9883-9892 

28. 27- A.W. Salman, R.A. Haque, M.M. Kadhim, F.P. Malan, P. Ramasami, Novel triazine-functionalized tetra-imidazolium 

hexafluorophosphate salt: Synthesis, crystal structure and DFT study, J. Mol. Struct. 1198 (2019) 126902. 

https://doi.org/10.1016/j.molstruc.2019.126902. 

 

https://www.sciencedirect.com/science/article/pii/S0167732221011648?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0167732221011648?via%3Dihub#!
https://www.sciencedirect.com/science/journal/01677322
https://www.sciencedirect.com/science/journal/01677322

