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Abstract. This study investigates the corrosion inhibition potential of a newly synthesized organic compound, (E)-

4-hydroxy-3-(phenylamino)pent-3-en-2-one (LASA3), using computational chemistry approaches. Density 

Functional Theory (DFT) calculations were performed at the B3LYP/6-31G(d) level of theory with the 

Gaussian09 software package to evaluate several key quantum chemical parameters. These parameters include 

total energy, the energies of the highest occupied molecular orbital (EHOMO) and lowest unoccupied molecular 

orbital (ELUMO), the energy gap (ΔEgap), dipole moment, chemical hardness, softness (σ), and the number of 

electrons transferred (ΔN). The computational results reveal that LASA3 exhibits a higher EHOMO value and a 

smaller ΔEgap compared to its precursor molecules, referred to as S.M.1 and S.M.2. A higher EHOMO value 

suggests that LASA3 has a greater electron-donating ability, which enhances its interaction with the metal 

surface. Likewise, the reduced ΔEgap indicates greater chemical reactivity and a higher likelihood of forming 

stable coordination bonds with iron atoms on the carbon steel surface. Electrostatic potential (ESP) map analysis 

further supports these findings by highlighting the distribution of electron density within the LASA3 molecule. The 

ESP maps show significant electron-rich regions localized around nitrogen and oxygen atoms, which are potential 

active sites for adsorption onto the steel surface. This adsorption process plays a crucial role in blocking active 

corrosion sites and reducing the rate of metal degradation. In conclusion, the theoretical analysis confirms that 

LASA3 has superior electronic properties for corrosion inhibition compared to its starting materials, S.M.1 and 

S.M.2. Its ability to donate electrons, favorable dipole characteristics, and strategically located electron-rich sites 

make it a promising candidate for further experimental evaluation as an efficient corrosion inhibitor for carbon 

steel applications. 
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1. INTRODUCTION 

Enaminones are class of compounds derived from β-dicarbonyl compound, characterized 

by a conjugated system involving amine-alkene-carbonyl functional group. Interestingly, these 

compounds can be categorized into cyclic and acyclic structures, as shown in figure 1.  

The enaminone moiety represents an interesting class of organic intermediates that 

exhibit both nucleophilic and electrophilic reactivity due to their conjugated enamine-carbonyl 

framework. In addition, enaminones have demonstrated a broad spectrum of biologically 

activities, such as anti-inflammatory, analgesic, anti-cancer, anti-microbial, anti-depressant 

and anti-viral.   

 

Figure 1. Schematic representation for acyclic (1) and cyclic (2) enaminone. 
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The corrosion phenomenon that occurs in equipment leads to electrochemical or 

chemical interactions with the environment. This process can also harm the physical and 

mechanical properties of equipment, such as oil gas pipes, roads, water and sewage systems 

and construction, resulting in serious damage and threats to the public safety and health of the 

community. Some organic compounds were utilized as corrosion inhibitors[8]. Recently, the 

use of density function theory (DFT) in quantum chemical calculations has been applied to 

elucidate and establish a connection between experimental results. This approach aims to 

provide a comprehensive version of the inhibitory effects on metal. Defining the reactivity of 

a chemical species is highly influenced by the frontier orbital, which comprises the Highest 

Occupied Molecular Orbital (HOMO) and the Lowest Unoccupied Molecular Orbital 

(LUMO). The frontier orbital, including HOMO and LUMO of a chemical species, is believed 

to be very important in defining its reactivity. 

 

2. EXPERIMENTAL SECTION 

The novel compound (E)-4-hydroxy-3(phenylamino)pent-3-en-2-one (LASA3) (Figure 

2) is synthesized and characterized by mass and FT-IR spectrometers and applied as a corrosion 

inhibitor on the surface of carbon steel in theoretical calculations. 

 

Figure 2. Schematic representation for (E)-4-hydroxy-3-(phenylamino)pent-3-en-2-one 

(LASA3). 

Materials 

Chemicals were sourced commercially and used without further purification. 3-Chloro-

2,4-pentanedione, aniline were from BHD. Dimethylformamide, Acetonitrile, Methanol were 

from Chem-Lab/Belgium. Benzene, Dichloromethane, Hexane, Acetone were from Romil / 

England. Ethyl acetate was from Scharlau/Eu. Absolute ethanol was from Haymankimia/ 

England. 
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Instrumentation 

FT-IR spectra are recorded over the spectral range from 400 to 4000 cm-1 for solid 

sample using SHIMADZU/FT-IR Affinity-1 spectrophotometer and the melting points of the 

prepared sample was measured using melting point/ SMP3 at Department of Chemistry, 

College of Science, University of Thi-Qar, Iraq. 

Procedure  

3-chloro-acetyl acetone (2 ml, 1 eq ) dissolved   in minimum amount of 

Dimethylformamide added to a solution of aniline (1 ml, 1 eq) dissolved   in minimum amount 

of Dimethylformamide also. The mixture was heated at 700C for 25 hours with stirring. [11, 

12] The resulting precipitate was collected by filtration, then dried under vacuum to afford the 

compound LASA3 as brown solid, yield (1.9 gm, 77%), m.p.: 2500C. SAN, EI-MS (m/z): 191 

[M]•+, 175 [C10H10NO2]•+, 159 [C9H7NO2]•+2, 149 [C9H9NO]•+ , 135 [C9H13N]•+, 120 

[C8H11N]•+, 109 [C7H9N]•+, 104 [C5H12O2]•+2, 93 [C6H7N]•+, 88 [C6H7N]•+ , 77 [C6H5]•+, 

65 [C5H5]•+, 51 [C4H3]•+. FT-IR, υ (cm-1): 3367.25 (υO-H) , 3216.19 (υN-H), 3053.11 (υC-H 

of  aromatic), 2921.68 (aliphatic υC-H), 2858.60 (aliphatic υC-H), 1595.24 (υ  coupled with υ 

), 1499.29 (aliphatic C-H bending), 758 and 6697.56 (bending of aromatic C-H). [13-21] 

Sub procedure  

The calculations were conducted using Density Functional Theory, specifically the 

B3LYP method, with the 6-31G(d) basis set, using the Gaussian09 program.  These 

calculations aimed to determine the total energy and different electronic properties of the 

molecules, such as dipole moment, energy of highest occupied molecular orbital (EHOMO), 

and energy of lowest unoccupied molecular orbital (ELUMO). The purpose of using 

computational chemistry was to calculate the theoretical results for the corrosion of carbon 

steel and to define their convergence with the experimental results. A DELL laptop computer 

with an Intel(R) Core (TM) i7-3820QM CPU 2.70 GHz, 8 GB RAM, and Windows (10) 64-

bit operating system was used to calculate the theoretical results for the corrosion of carbon 

steel. 

 

3. RESULTS AND DISCUSSION 

Quantum Chemistry Calculations  

Quantum chemistry calculations have proven to be an effective tool for studying the 

mechanism of corrosion inhibition. Therefore, quantum chemistry calculations are used to 

obtain information that cannot be obtained from experimental data. One of the most important 

and prominent molecular properties obtained through computational chemistry calculations is 
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summarized in Table 8, the most important of which are the highest energy occupied molecular 

orbital (EHOMO), the lowest energy unoccupied molecular orbital (ELUMO), electronegativity, 

softness (σ), chemical hardness, and the number of transferred electrons ΔN (number of 

transferred electrons), ionization potential, dipole moment, optimized geometrical shapes 

(HOMO and LUMO) shapes, and surface electrostatic potential (ESP) of the inhibitor 

molecules. (LASA3) and its starting materials, represented by (S.M.1) and (S.M.2), are shown 

in Table 1. 

HOMO & LOMO  

The highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular 

orbital (LUMO) are widely distributed on both sides of the two studied compounds, which 

indicates that the (HN-C-) group in the prepared (E)-4-hydroxy-3-(phenylamino) pent-3-en-2-

onecompound represented by the inhibitor (LASA3), in addition to other groups such as phenyl 

rings, which contain nitrogen (N) and (OH) groups, which are also present in the starting 

materials that make up the inhibitor (LASA3). According to the figures in Table 1, both the 

inhibitor (LASA 3) and the starting materials that make up it, which are represented by (S.M.1) 

and (S.M.2) HOMO orbitals, as well as the presence of (LUMO) orbitals, contain some atoms 

such as nitrogen atoms in the amine group and other groups such as (R2C=O) and (OH) groups, 

which are considered electron-donating centers and electron-accepting centers, respectively. 

Both types work as adsorption centers main. 

Table 1. Quantitative chemical data values for the inhibitor (LASA3) and its starting 

materials (S.M.1) (S.M.2), which were measured using the Density Functional Theory 

method, at the B3LYP level, with the elements of the basis set 6-31G(d), and using the 

Gaussian 09 program. 

Quantum Chemical parameters LASA3 S.M.1 S.M.2 

Total Energy(kJ mol-1) -2114206.63 -754930.14 -1659336.85 

Dipole Moment(Debyes) 2.1891 1.9133 4.9584 

EHOMO(eV) -7.3289 -5.1541 5.1218 

ELUMO(eV) -2.502 0.3769 -1.252 

ΔEgap= ELUMO- EHOMO(eV) 4.8265 5.531 3.8695 

Ionisation potential, I= - EHOMO 7.3289 5.1541 5.1218 

Electron affinity, A = - ELUMO 2.50238 -0.3769 1.25228 

Electronegativity (χ), - 1
2
(EHOMO + ELUMO) 4.9156 2.3886 3.187 
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Chemical hardness  (η), ΔEgap /2 2.4133 2.7655 1.9347 

Softness (σ), 1 η⁄  0.4144 0.3616 0.5169 

Chemical Potential μ= - 1/2(𝐼 + 𝐴) -4.916 -2.389 -3.187 

Number of transferred electrons ΔN = χFe –χinh 

/[2(ηFe + ηinh)] 

0.43186 0.83373 0.9854 

The adsorption of the inhibitor to the metal surface occurs on the basis of donor-acceptor 

interactions between the lone pairs present on the atoms (N and O) present in the structure of 

the inhibitor (LASA3) and its constituent raw materials, which are represented by (S.M.1 and 

S.M.2) and the vacant orbitals of the iron atom, in which the boundary orbitals (HOMO and 

LUMO) of chemical species play a vital role in determining their absorption and interaction. 

The greater the energy of the higher occupied molecular orbital (EHOMO) is, the greater its 

tendency to donate electrons to appropriate recipient molecules with empty molecular orbitals. 

Low energy increases the damping efficiency. Additionally, the lower the energy of the 

unoccupied molecular orbital (ELUMO), which causes the prepared compound molecule to 

receive electrons, the greater the inhibition efficiency among the molecules of the compound 

and its complex, as the inhibitor molecule (LASA3) has the highest energy value of the highest 

occupied molecular orbital (EHOMO) of (-5.8636 eV) compared to the molecules of its 

constituent raw materials, represented by (S.M.1 and S.M.2), which have energies (EHOMO) of 

(-5.7093 and -5.7253 eV) respectively. Therefore, the inhibitor molecule (LASA3) is an easy 

donor of electrons. This enhances its inhibitory effectiveness compared to the raw materials 

that make it up. 

Energy Gap (∆Egab) 

It is also possible to determine the value of the so-called energy gap (∆Egap), which 

represents the difference between (EHOMO) and (ELUMO) the inhibitor (Ja) and its constituent 

raw materials according to the frontier molecular orbital (FMO) theory of chemical reaction; the 

smaller the orbital energy gap is. ∆Egap had a stronger inhibitory interaction on the steel 

surface and thus an increase in the inhibition efficiency, as (∆Egap) had values of (5.685 and 

3.310) and (5.033) for both the inhibitor (LASA3) and its constituent raw materials S.M.1 and 

S.M.2, respectively. 

According to the theory of hard and soft acids and bases (HSAB), hard acids tend to react 

with hard bases, and soft acids react with soft bases. According to this theory, when iron is 

considered a soft acid, it tends to react more with the inhibitor molecule (LASA3), which can 

be considered a soft base because it has a low hardness (η) of 1.6547 eV and a high softness 
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(σ) of (0.6043 eV). Therefore, the inhibitor (LASA3) shows better inhibition efficiency than 

its constituent raw materials, which are represented by (S.M.1 and S.M.2), which have hardness 

(η) values of (2.5167 and 2.8829 eV) respectively, and a softness (σ) value of (0.3974 and 

0.3518 eV) respectively. 

The Number of Electrons Transferred (ΔN) 

The number of transferred electrons (ΔN) shows the ability of the inhibitor molecule to 

introduce electrons. The greater the value of (ΔN) is, the greater the ability of the studied 

inhibitor molecule to introduce electrons to acceptor species that are characterized by electron 

deficiency (represented in this study by orbitals), d for iron metal surface atoms. In the field of 

corrosion inhibitors, a high number of transferred electrons (ΔN) indicates there is a great 

tendency for the studied inhibitor molecule to interact on the metal surface through adsorption 

processes, which increases inhibition efficiency. According to the observations of Lukovit and 

others, who assumed that as the number of transferred electrons (ΔN) increases, the electron 

donation ability of the studied inhibitor molecule to the orbitals of metal surface atoms 

increases, which leads to an increase in the inhibition efficiency, provided that the number of 

transferred electrons (ΔN) is < 3.6. ΔN was calculated according to Pearson's theory using 

equation (ΔN = χFe –χinh/[2(ηFe + ηinh)]) where χFe and χinh represent the electronegativity of the 

iron metal and the inhibitor respectively, and ηFe and ηinh represent the chemical hardness (η) 

of the iron metal and the inhibitor, respectively. The theoretical values for both χFe and ηFe are 

(7.0 and 0 eV.mol-1) respectively, and the values of the number of electrons transferred (ΔN) 

for both the inhibitor (LASA3) and its starting materials, represented by (S.M.1 and S.M.2) are 

(0.7242, 0.7564) and (0.8434) respectively. 

Surface Electrostatic Potential (ESP) 

The study of the surface electrostatic potential (ESP) and the electrostatic potential map 

of the inhibitor molecule (LASA3) and its constituent raw materials, represented by (S.M.1 

and S.M.2), shown in Table 2, is very useful for detecting the locations of the electron density 

on specific atoms. Therefore, its importance can be included in determining the positive, 

negative, and neutral electrostatic potential for all atoms of the studied molecule so that we can 

determine the sites of electrophilic attack that favour the high negativity region (areas of 

increased electronic density), which are red in colour, while the high positive regions (areas of 

decreased electronic density), which are blue in color and are preferred sites for nucleophilic 

attack. 
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Table 2. Shapes of geometric conformers and molecular orbitals, high and low, 

electronic density and surface electrostatic potential, quantity of the inhibitor (LASA3) 

and its starting materials (S.M.1 and S.M.2). 

Quantum chemical LASA3 S.M.1 S.M.2 

Structure: Optimized 

geometry         

 

 

 

HOMO 

  

 

LUMO 

   

Electrostatic surfaces 

potential 

   

We conclude from the above parameter values that we obtained from the results of 

computational chemistry that testing the efficiency of inhibition of the inhibitor (LASA3) and 

its starting materials (S.M.1 and S.M.2) on the iron surface proved that the compound (LASA3) 

can be considered a better inhibitor. The high values of most of the parameters of the raw 

materials that make up it, which are represented by (S.M.1 and S.M.2), are comparable to those 

of the raw materials, especially the number of transferred electrons (ΔN), which means that 

compound forms a more stable complex on the surface of the metal whose corrosion is to be 

reduced compared to the raw materials that make it up. 
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4. CONCLUSION 

This investigation employed Density Functional Theory (DFT) to investigate the 

corrosion inhibition performance of the enaminone compound LASA3 in comparison to its 

starting materials (S.M.1 and S.M.2) on carbon steel surfaces.  Theoretical calculations based 

on key quantum chemical descriptors—including EHOMO, ELUMO, energy gap (ΔEgap), dipole 

moment, softness (σ), hardness (η), and number of transferred electrons (ΔN)—revealed that 

LASA3 exhibits superior electronic properties favoring strong adsorption onto the metal 

surface. 

The lower energy gap (ΔEgap = 4.83 eV), higher EHOMO (-7.33 eV), and significant ΔN 

value (0.43) for LASA3 indicate enhanced electron-donating ability and strong donor–acceptor 

interaction with the iron surface. Furthermore, the ESP analysis confirmed the presence of high 

electron-density regions (on N and O atoms), which serve as primary adsorption centers. 

These findings suggest that LASA3 forms a more stable and efficient protective layer on 

carbon steel than its parent molecules. Thus, LASA3 can be proposed as a promising organic 

corrosion inhibitor, providing a theoretical foundation for its future application in corrosion 

prevention strategies.  
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