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ABSTRACT 

A novel and eco-friendly approach for synthesizing two salicylaldehyde-based Schiff bases (2HPP and 

BHBD) in aqueous environments has been successfully conducted. These synthesized Schiff bases were 

subjected to a range of physicochemical analyses, including CHNS elemental analyses, molar conductivity 

measurements, and spectroscopic techniques like IR, electronic, 1HNMR, and mass spectra, to ascertain 

their properties. The research also involved investigating the inhibitory properties of these Schiff bases 

against mild steel corrosion in hydrochloric acid solutions at a temperature of 30°C. The results obtained 

from this study revealed the remarkable inhibitory potential of 2HPP and BHBD on mild steel corrosion in 

HCl solution. The inhibition efficiency was found to increase with increasing concentration, ultimately 

reaching an impressive maximum inhibition efficiency of 91.50% and 94.54 % for 2HPP and BHBD, 

respectively. The adsorption behavior of 2HPP and BHBD followed the Langmuir isotherm, indicating a 

favorable interaction with the metal surface. Moreover, the investigations included the use of quantum 

chemical parameters, which were computed utilizing the Density Functional Theory (DFT) method. These 

calculations included energy gap assessments, which lent support to the excellent inhibiting performance 

of both Schiff basses. However, BHBD appeared to be a more efficient inhibitor than 2APP.  
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INTRODUCTION 

Corrosion of carbon steel in aqueous 

environments poses significant challenges to 

various industrial sectors, including oil and gas, 

water treatment, and infrastructure.  

The continuous deterioration of metallic surfaces 

due to corrosion results in substantial economic 

losses and safety concerns [1-4], To mitigate such 

adverse effects, the development of effective 

corrosion inhibitors has garnered substantial 

attention in recent years. These inhibitors can be 

inorganic or organic substances introduced into 

the corrosive environment [5, 6]. Organic 

inhibitors with specific molecular structures, 

containing heteroatoms (oxygen, nitrogen, sulfur, 

or phosphorus), multiple bonds, and aromatic 

rings capable of donating lone pairs of electrons, 

have demonstrated promise in preventing 

corrosion.  Despite being very effective 

inhibitors, their usage was restricted because of 

recent environmental and health risks associated 
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with them [7].  As a result, a shift in trend towards 

development of environmentally-friendly 

corrosion inhibitors is inevitable. Again, if the 

cost of corrosion inhibitors can be reduced, the 

application value of corrosion inhibitors will be 

greatly improved 

Schiff bases derived from the condensation of 

primary amines and carbonyl compounds, have 

demonstrated excellent corrosion inhibitive 

properties for various metals, including carbon 

steel [8-11]. These compounds possess a unique 

chemical structure consisting of an imine (C=N) 

functional group, which plays a vital role in their 

inhibitive properties.  

The imine functional group (C=N) facilitates 

electron transfer and charge transfer processes 

between the inhibitor and the metal surface. The 

metal surface provides a platform for the Schiff 

base molecules to adsorb, allowing them to form 

coordination bonds with metal atoms [12-15].  

Once adsorbed onto the metal surface, the Schiff 

base molecules organize and self-assemble to 

form a protective film or barrier. This film acts as 

a physical barrier that shields the metal surface 

from corrosive species, such as oxygen, water, 

and ions. The film's thickness and stability are 

crucial factors influencing the overall inhibition 

efficiency. 

Different parameters, including the inhibitor’s 

molecular size, the type of substituent, the nature 

of the metal and the electrolyte, influence the rate 

of adsorption on the surface [16]. 

Over the years, researchers have sought to 

understand the mechanism by which organic 

corrosion inhibitor molecules adsorb onto 

different metal surfaces, employing various 

electrochemical adsorptions-desorption models 

[17-20]. Some others used quantum chemical 

computations, and molecular dynamics 

simulation techniques to gain insight into the 

geometry, structure, and electronic properties of 

inhibitor molecules [21-24], and to visualize 

inhibitor molecule adsorption on metal surfaces 

[25-31]. These investigations provide valuable 

information about inhibitor properties, chemical 

reactivity, and conditions for the inhibition 

process at the molecular level. 

This study presents a comprehensive assessment 

of newly synthesized salicylaldehyde-based 

Schiff bases as corrosion inhibitors for carbon 

steel in aqueous environments. The investigation 

takes a multidisciplinary approach, combining 

both experimental and theoretical methods to 

gain a deeper understanding of the inhibitive 

mechanisms and evaluate the inhibitors' 

performance. In parallel, theoretical studies 

utilizing density functional theory (DFT) were 

employed to elucidate the electronic structure and 

electronic properties of the Schiff bases. These 

calculations shed light on the molecular 

interactions between the inhibitors and carbon 

steel surfaces, offering a theoretical basis for the 

observed experimental results. 

 

 

MATERIALS AND METHODS 

Materials 
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Chemicals used included salicylaldehyde, 

aniline, o-phenylenediamine,  

2-aminophenol, ethanol and hydrochloric acid 

were of BDH grade and were used as supplied. 

The electrolyte used in the corrosion test is 1 M 

HCl solution prepared by diluting from the stock 

using the appropriate information on the label. 

 

Methods  

Preparation of 2HPPSchiff base:  

This green approach was adopted from literature 

according to Srivasyva et al. [29] 

The preparation of 2HPP was accomplished by 

the condensation reaction of salicylaldehyde 

(0.05 mol, 2.03 g) and aniline (0.05mol, 1.55 g) 

in 60 ml ethanol.  The mixture was kept under 

stirring at room temperature for 30 minutes, 

thereafter concentrated to half of original volume 

using the rotary evaporator. The final products 

were collected by filtration, washed with ethanol 

and purified by recrystallizing from EtOH dried 

in air and stored in a desiccator prior to use. The 

Percentage yield of the yellow compound (2HPP) 

is 85%. 

The condensation reaction is given thus:    

OH

H

O

H2N

OH

H

N
+  H2O

 

salicylaldehyde           Aniline                          2-hydroxyphenyl-phenylimine 

Scheme 1: Synthesis of 2-hydroxyphenyl-Phenylimine (2HPP) 

Preparation of BHBD Schiff base 

The BHBD was prepared under similar condition 

by the condensation of salicylaldehyde (2 mmol, 

2.94 g) and o- phenylenediamine (1mmol, 1.32 g) 

in 60 ml ethanol, giving a yellow product with 

percentage yield of 74%. 
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 Salicylaldehyde       o-phenylenediamine     Bis(2-hydroxyphenyl)-

1,2benzenediamine                                                                                                                                                                                                                                                                                                                                                                  
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 Scheme 2: Synthesis of Bis (2-hydroxyphenyl)–1, 2-benzenediimine (BHBD) 

 

Corrosion Inhibition Test 

The weight loss of steel sample in 1.0 M HCl was 

determined following similar approach by 

Akalezi et al. [32].  Carbon steel (CS) (with the 

composition of 0.32% carbon, 0.75% manganese,  

0.2 Cr & Si  respectively, and balance iron) 

obtained from Engineering workshop of the 

Federal University of Technology Owerri  was 

chosen as the working electrode (specimen) The 

specimens were cut to sizes with dimensions (40 

x 40 x 10) mm, with a hole at the middle of top 

edge for hanging  The surface of each specimen 

was prepared by wet grinding with 400 and 600 

grit silicon carbide papers using deionized water, 

being degreased with high purity ethanol, rinsed 

with deionized water, and then dried  before being 

introduced into the electrolyte solutions for 

testing. Gravimetric tests were performed by 

weighing cleaned and dried CS specimens before 

and after immersion in test solution of 1 M HCl 

for 24 hours at different concentrations (1x10-5 M 

to 5x10-4 M) of the studied Schiff bases at 36°C. 

The experiments were carried out in duplicate 

and average values were obtained. The degree of 

surface coverage (θ) and the inhibition efficiency 

IE (%) were calculated at different concentrations 

[33] using the following equations: 

         𝜃 =  
𝑤𝑜−𝑤𝑖

𝑤𝑜
                                  (1) 

𝐼𝐸% =  
𝑤𝑜−𝑤𝑖

𝑤𝑜
𝑥100                             (2) 

 

where 𝑤𝑖 and 𝑤𝑜 are the weight loss values in 

the presence and absence of inhibitor 

respectively. 

 

Theoretical Methods and Technical Details  

Quantum chemical method was performed to 

explore the correlation between molecular 

properties of the studied inhibitors in line with its 

corresponding inhibition efficiency.  

In this present study DFT calculations were 

performed using the Material Studio 7.0 from 

Accelrys. Complete geometry optimization of the 

molecules was carried out in the Dmol3 module 

using the DND basis set [5-7, 34].  and the 

generalized gradient approximation (GGA) of 

Perdew Burke-Ernzerhof (PBE). This approach is 

widely used in the analysis of the characteristics 

of the corrosion processes and allows obtaining 

favorable geometries for a wide variety of 

systems. Some molecular descriptors were 

evaluated from the obtained optimized molecular 

structure: HOMO and LUMO energy values, the 

energy band gap (∆E), molecular dipole moment 

(µ), global hardness (𝜂), softness (𝜎), the absolute 

electronegativity (), and the number of 

transferred electrons (∆N), were calculated using 

DFT and correlated with inhibition efficiencies. 

The molecule-metal interactions were modelled 

by the Forcite tool using the COMPASS 

forcefield. The Fe (110) was modelled by 

periodic slabs consisting of two (110) layers. The 

in-plane lattice spacing was fixed 
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at the calculated equilibrium bulk lattice 

parameter of 3.31 A˚ [30] with the top layer of the 

slab kept frozen to the bulk positions, while all 

other degrees of freedom were relaxed. The 

adsorption of molecules onto the surface was 

modelled at 1/16 ML coverage by a (5 x 5) 

supercell.  

 

 

RESULTS AND DISCUSSIONS 

Characterization of the Schiff Base 

Ligands were prepared by condensation of 

salicylaldehyde with anilines 1,2-

phenylenediamine under reflux for specified time 

interval and solvent, as shown in the equations of 

scheme-1 and scheme-2. They were characterized 

by the available analytical techniques viz. 1H 

NMR and 13C NMR nuclear magnetic resonance 

1H and 13C nuclear magnetic resonance (NMR), 

Infrared (IR), and UV- visible spectrometry. The 

electronic spectra of the Schiff base 2HPP  

(Figure1a) presented two bands at wavelengths 

215 nm and 203 nm assigned to π-π attributed to 

the movement of lone pair of electrons from a 

bonding pi (π)  orbital of the azomethine nitrogen 

atom                                                                                                                                                                  

to anti–bonding pi (π*) orbital  of the azomethine 

group, while UV spectrum of BHBD  (Figure 1b) 

showed absorption  band at 349 nm due to n-π  

transition resulting from transition of non -

bonding electrons of the nitrogen atom of the 

azomethine to the  anti–bonding pi (π*) orbital  of 

the azomethine group. 

 

 

 

                   Figure. 1(a) UV SPECTRUM OF 2HPP 
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Figure 1(b).   UV SPECTRUM OF BHBD 

Figure 2a shows the vibration frequencies of 

certain peaks for 2HPP. They are: v(HC=N), v(C-

H), v(C-O) and v(O-H) at 1689 cm-1, 3016 cm-1, 

1273 cm-1 and 3479 cm-1 respectively, while 

BHBD (Figure 2b), exhibited same vibrations at 

1697 cm-1, 3070 cm-1, 1273 cm-1, and 3487 cm-1 

respectively. This further confirms the formation 

of the Schiff bases [35]. 

  

 

                                 

Figure.2(a) Infrared spectrum of 2HPP 

wavelength(cm-1) 
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                Figure 2(b) Infrared spectrum ff BHBD. 

The 1-H NMR of the 2HPP (Figure 3a) reveals 

formation of the Schiff base with azomethine 

(HC=N) proton signal, (s, 1H, HC=N) δ = 8.96 

ppm, and proton signal due to OH group, (s, 1H, 

OH), δ = 13.11ppm. The 13 -CNMR of 2HPP 

(Figure 3b) reveals the presence of the 

azomethine carbon at signal, δ=163.99 ppm.   

Formation of BHBD (Figure 4a) Schiff base was 

confirmed at frequency due to azomethine proton 

signal, (s, 1H, HC=N) δ = 8.94 ppm, and signal 

due to two protons of OH group of the Schiff 

base, (s, 2H, OH) δ =12.95 ppm. The 13-C NMR 

of BHBD (Figure 4b) confirms the presence of 

the azomethine carbon at signal, δ= 164.50 ppm. 

 

Figure 3(a): 1 H-NMR OF 2HPP 
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Figure 3(b): 13C-NMR of 2HPP. 

 

Figure 4(a): 1H -NMR OF BHBD. 
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Figure 4(b): 13C- NMR OF BHBD. 

 

Corrosion Inhibition Test  

The corrosion inhibition potential of the Schiff 

base was determined chemically by gravimetric 

method. Table 1 gives the weight loss and 

inhibitor efficiency for mild steel in 1.0 M HCl, 

and 10% DMF in the absence and presence of 

different concentrations of the Schiff bases at 303 

K. The data obtained shows that the metal weight 

loss was reduced in the presence of the inhibitor 

and so much more as the concentration was 

increasing. Figure 5 represents the trend of 

inhibition efficiency with concentration and 

confirms that the effectiveness is concentration 

dependent. The increase in efficiency can be 

ascribed to the increase in surface coverage due 

to the adsorption of the inhibitors on the mild 

steel surface [36].  The adsorption film may then 

be destined to block the active sites and isolate 

the metal surface from the aggressive solution 

and further degradation. The corrosion inhibition 

efficiency of the two compounds was found to 

follow the order: BHBD > 2HPP.  That BHBD 

exhibited better corrosion inhibition behavior can 

be related to the steric hindrance effect and the 

number of heteroatoms in the structure. 
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Table 1: Corrosion inhibition data for 2HPP & BHBD Schiff bases in I M HCl 
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Figure (5): Variation of weight loss (WL) with the concentration of the Schiff bases at 30 0C 

Inhibitor 

 

2-hydroxyphenyl-Phenylimine (2HPP). Bis (2-hydroxyphenyl) – 1, 2-

benzenediimine. (BHBD) 

System 

 [conc] 

W L 

(mg/cm2) 
(𝐼𝐸%) θ C/θ WL 

(mg/cm2) 
(𝐼𝐸%) θ C/θ 

Blank 0.3676 -   0.3676 -   

1x10-4 0.1442 60.77 0.61 1.6x10-4 0.0646 82.43 0.82 1.2x10-4 

3x10-4 0.0991 73.10 0.73 4.1x10-4 0.0320 91.30 0.91 3.3x10-4 

5x 10-4 0.0474 87.10 0.87 5.8x10-4 0.0285 92.25 0.92 5.4x10-4 

7x10-4 0.0421 88.55 0.89 7.9x10-4 0.0241 93.44 0.93 7.5x10-4 

9x10-4 0.0314 91.50 0.92 9.8x10-4 0.0221 94.54 0.95 9.5x10-4 
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Figure (5b): Variation of the inhibition efficiency with the concentration of the Schiff bases at  30 0C 

 

 

Adsorption Isotherm 

Basic information on the interaction between 

inhibitor and the metal surface can be provided 

by the adsorption isotherm. For this purpose, the 

values of the surface coverage (θ) at the different 

concentrations of the Schiff base were used to test 

for the best fit isotherm including Frumkin, 

Langmuir, and Temkin. However, the best fit was 

obtained with the Langmuir isotherm.  According 

to the Langmuir, θ is related to the inhibitor 

concentration, C 

                     
𝐶

𝜃
=  

1

𝐾𝑎𝑑𝑠
+ 𝐶                  (3) 

where 𝐾𝑎𝑑𝑠 is the equilibrium constant of the 

adsorption process.  

Figure 6 shows the dependence of the fraction of 

the surface coverage  
𝐶

𝜃
   as a function of inhibitor 

concentration, and the expected linear 

relationship is observed with a strong correlation 

coefficient (R2 = 0.99998) for 2HPP and BHBD, 

respectively. The value of the regression 

coefficient R2 established the validity of this 

approach. The almost unity slope for both 

inhibitor suggests that the adsorbed inhibitor 

molecules formed a monolayer on the steel 
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surface and there is no interaction among the 

adsorbed Schiff base molecules. 
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Figure 6: The Langmuir adsorption isotherm of the two Schiff bases 

 

COMPUTATIONAL 

CHARACTERIZATION OF THE SCHIFF 

BASES 

Molecular orbitals plots 

Corrosion inhibitors can prevent metal corrosion 

by adsorbing on the surface of the substrate. This 

process is related to the interaction of electrons 

between frontier orbitals of organic molecules 

and vacant d-orbital of metal atoms [37]. To 

predict the corrosion inhibition performance of 

our Schiff bases, the frontier orbital of the 

molecules and their energy was calculated. The 

optimized structure and orbital distribution of the 

two Schiff bases calculated by software are 

shown in Figure 7. It has been frequently 

proposed that Schiff bases bind to the surface via 

lone-pair electrons of the azomethine-type N 

atoms or the π-electrons of the aromatic ring [1, 

8, 35]. The molecular orbital plot obtained in the 

present case shows an even energy distribution 

over the three principal atoms, C, N, and O and 

over the aromatic ring as well. This format will 

no doubt facilitate exchange of electrons between 

the organic molecules and the metal atoms so that 

the corrosion inhibitor can exhibit ideal 

adsorption.  

The Mulliken charge distributions of the 

inhibitors are presented in Table 2. The use of 

Mulliken population analysis to probe adsorption 

center of inhibitors has earlier been reported [38]. 
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The areas of highest electron density are 

generally the potential sites for the electrophiles 

attacked [39, 40]. Based on the calculations, the 

highest electron densities were located on O, N, 

and C atoms implies that the O, N and C atoms 

were the active centers, which have the strongest 

ability of bonding to the metal surface. 

 

 

 

Table 2: The Mulliken charge distributions of the inhibitors 

BHBD 2HPP 

Mulliken atomic charges: 

          charge    spin  

 C (  1)  -0.188   0.000 

 C (  2)  -0.175   0.000 

 C (  3)  -0.239   0.000 

 C (  4)   0.305   0.000 

 C (  5)   0.102   0.000 

 C (  6)  -0.234   0.000 

 C (  7)  -0.137   0.000 

 N (  8)  -0.329   0.000 

 O (  9)  -0.640   0.000 

 C ( 10)   0.181   0.000 

 H ( 11)   0.187   0.000 

 H ( 12)   0.187   0.000 

 H ( 13)   0.194   0.000 

 H ( 14)   0.202   0.000 

 H ( 15)   0.187   0.000 

 H ( 16)   0.450   0.000 

 C ( 17)   0.180   0.000 

 N ( 18)  -0.329   0.000 

 C ( 19)  -0.237   0.000 

 C ( 20)  -0.190   0.000 

 C ( 21)  -0.189   0.000 

 C ( 22)  -0.238   0.000 

 C ( 23)  -0.136   0.000 

 C ( 24)   0.103   0.000 

 H ( 25)   0.187   0.000 

 C ( 26)   0.304   0.000 

 C ( 27)  -0.239   0.000 

 C ( 28)  -0.175   0.000 

 C ( 29)  -0.188   0.000 

 C ( 30)  -0.234   0.000 

 O ( 31)  -0.640   0.000 

 H ( 32)   0.189   0.000 

 H ( 33)   0.185   0.000 

 H ( 34)   0.185   0.000 

 H ( 35)   0.190   0.000 

 H ( 36)   0.202   0.000 

 H ( 37)   0.194   0.000 

 

Mulliken atomic charges: 

          charge    spin  

 C (  1)  -0.240   0.000 

 C (  2)  -0.175   0.000 

 C (  3)  -0.186   0.000 

 C (  4)  -0.236   0.000 

 C (  5)   0.101   0.000 

 C (  6)   0.306   0.000 

 O (  7)  -0.645   0.000 

 N (  8)  -0.332   0.000 

 C (  9)  -0.132   0.000 

 C ( 10)  -0.241   0.000 

 C ( 11)   0.230   0.000 

 C ( 12)  -0.229   0.000 

 C ( 13)  -0.177   0.000 

 C ( 14)  -0.181   0.000 

 C ( 15)  -0.186   0.000 

 H ( 16)   0.200   0.000 

 H ( 17)   0.193   0.000 

 H ( 18)   0.187   0.000 

 H ( 19)   0.187   0.000 

 H ( 20)   0.440   0.000 

 H ( 21)   0.184   0.000 

 H ( 22)   0.184   0.000 

 H ( 23)   0.192   0.000 

 H ( 24)   0.187   0.000 

 H ( 25)   0.184   0.000 

 H ( 26)   0.184   0.000 

 

 



J. Chem. Soc. Nigeria, Vol. 49, No. 5, pp 683 - 704[2024]  https://doi.org/10.46602/jcsn.v49i5.1001 
 

696 

 

 

 

 

Figure 7: The optimized structure and orbital distribution of the two Schiff bases calculated by software  

 

 

HSAB-type analysis 

Quantum chemical parameters obtained from the 

calculations which are responsible for  inhibitor 

efficiency such as the energy of highest occupied 

molecular orbital (𝐸𝐻𝑂𝑀𝑂), energy of lowest 

unoccupied molecular orbital (𝐸𝐿𝑈𝑀𝑂), the 

separation energy (𝐸𝐿𝑈𝑀𝑂-𝐸𝐻𝑂𝑀𝑂), ΔE, 

representing the function of reactivity, dipole 

moment (µ), the electronegativity χ, the global 

hardness (𝜂), and softness (𝜎), are collected in 

Tables 3. Out of the whole lot, only the 𝐸𝐻𝑂𝑀𝑂, 

𝐸𝐿𝑈𝑀𝑂, and the dipole moment were obtained 

directly from the software.  Following the 

Koopman’s HSAB principle [41], the 

eigenvalues of HOMO and LUMO were related 
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to ionization potential (𝐼) and electron affinity (𝐴) 

as: 

 −𝐸𝐻𝑂𝑀𝑂 and, −𝐸𝐿𝑈𝑀𝑂 respectively.           

(4)                                                        

Absolute electronegativity, 𝑋, and absolute 

hardness, 𝜂 of the inhibitor molecules are given 

by Pearson [42] as: 

 :𝜒 =
1

2
(𝐼 + 𝐴) and  𝜂 =  

1

2
(𝐼 − 𝐴)               (5) 

Chemical softness (σ) is the measure of the 

capacity of an atom or group of atoms to receive 

electrons [41], it is estimated by using the 

equation: σ = 1/𝜂. 

The obtained values of 𝑋 and 𝜂 were used to 

calculate the fraction of electron  

transferred, ΔN, from the inhibitor to metallic 

surface as follow [43-45]: 

  ∆𝑁 =  
1

2
(

𝑋𝐹𝑒−𝑋𝑖𝑛ℎ

𝜂𝐹𝑒+𝜂𝑖𝑛ℎ
)                                 (6)                                                                            

In the equations above, for iron as bulk metal, a 

theoretical electronegativity value of 7.0 was 

used, and absolute hardness is considered to be 

zero [43-46].  

 

 

Table 3.0   Quantum chemical parameters 

Inhibitor/ 

Property 
𝐸𝐻𝑂𝑀𝑂   

(eV) 

𝐸𝐿𝑈𝑀𝑂 

(eV) 

∆E(ev) 𝐼(ev) 𝐴(ev) µ(D) 𝑋(ev) 𝜂(ev) σ(eV) ΔN 

           

BHBD -5.284 -3.391 1.993 5.284 3.391 3.8803 4.338 0.947  1.056 0.307 

2HPP -5.246 -2.729 2.477 5.246 2.729 2.4947 3.988 1.258 0.795 0.378 

 

Hardness and softness are the basic chemical 

concepts, called global reactivity descriptors have 

been theoretically justified within the framework 

of density functional theory [47]. These are the 

important properties to measure the molecular 

stability and reactivity. Chemical hardness 

fundamentally signifies the resistance towards 

the deformation or polarization of the electron 

cloud of the atoms, ions or molecules under small 

perturbation of chemical reaction. A hard 

molecule has a large energy gap and a soft 

molecule has a small energy gap [48]. In the 

present study 2HPP presents a higher energy gap 

value (2.477 eV), and lower global hardness 

compared with BHBD (1.993).  

Normally, the inhibitor with the least value of 

global hardness (hence the highest value of global 

softness) is expected to have the higher inhibition 

efficiency [49].  

The dipole moment is another crucial molecular 

property that comes into play during the 

assessment of an additive as a potential corrosion 

inhibitor [50-54]. Molecules with larger dipole 

moments exhibit greater polarity, enabling 

stronger electrostatic interactions with charged 

metal surfaces, which enhances the adsorption of 

the inhibitor onto the metal. 
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BHBD again, showed the higher value of dipole 

moment (μ), which will favour accumulation of 

the inhibitor, and will translate to higher 

inhibition efficiency. 

The ΔN values calculated are listed in Table 3. 

The sign of ΔN can be used to determine the 

tendency of electrons to transfer between iron 

atoms and organic molecules [55].  If ΔN is 

greater than zero, electrons tend to move from 

molecules to the metal surface [56]. Conversely, 

electrons are more easily transferred from iron 

atoms to organic molecules. If for a molecule, the 

value of ΔN with an iron atom falls in the range 

of 0−3.6, then this molecule may have good 

inhibition performance [57]. Within the same 

range, the larger the ΔN value is, the better the 

inhibition efficiency the molecule may have. The 

values obtained in this study show the two 

compounds are good inhibitors. 

 

Inhibitor Adsorption Simulation.  

To simulate the interaction between the corrosion 

inhibitor and the steel surface, an adsorption 

module is carried out to obtain the adsorption 

structure and energy for 2HPP, and BHBD on a 

Fe(110) surface. The simulated spatial structures 

and their binding energy values are shown in 

Figure 8. Both binding energies of 2HPP and 

BHBD are negative, which means that these 

structures can be formed spontaneously and have 

strong interactions [3].  Comparing the binding 

energy of 2HPP and BHBD, the binding energy 

of BHBD (−172.88 kcal/mol) is stronger than 

2HPP (−110.02 kcal/mol). Stronger adsorption 

often indicates better corrosion inhibition. 

Therefore, the corrosion inhibition potential of 

BHBD is better than that of 2HPP, which is 

similar to the conclusions obtained from actual 

experiments. 

By careful examination of Figure 8, it could be 

observed that all the inhibitors adsorbed nearly 

parallel to the iron surface where a chemical bond 

could occur through donation of pi electrons of 

the aromatic ring and the lone pair of the hetero-

atoms to the metal. In order to investigate the 

interaction between the inhibitor molecules and 

the surface, we calculated the adsorption energy 

(𝐸𝑎𝑑𝑠) from the relation:  

𝐸𝑎𝑑𝑠 =  𝐸𝑐𝑜𝑚𝑝𝑙𝑒𝑥−(𝐸𝑖𝑛ℎ+𝐸𝐹𝑒)       (7) 

where 𝐸𝐹𝑒 is the total energy of the iron surface 

and 𝐸𝑖𝑛ℎ. is the total energy of the inhibitor 

compound. When the adsorption occurs between 

the compound and the iron, the energy of the new 

system is expressed as 𝐸𝑐𝑜𝑚𝑝𝑙𝑒𝑥 [58]. It could be 

observed from Table 6 that all values of 𝐸𝑎𝑑𝑠 are 

negative, which means that the adsorption could 

occur spontaneously. The high values of 𝐸𝑎𝑑𝑠 for 

BHBD reflect the higher stability of the formed 

complex and accordingly increase their inhibition 

efficiencies.  The lower 𝐸𝑎𝑑𝑠 and lower inhibition 

efficiency of 2HPP agrees well with the 

experimentally determined results. The binding 

energy 𝐸𝑏𝑖𝑛𝑑  is, the negative of the adsorption 

energy, 𝐸𝑏𝑖𝑛𝑑 = -𝐸𝑎𝑑𝑠 [59.  60]. The higher the 

negative value of binding energy, the easier the 

inhibitor adsorbs on the metal surface and the 

higher the inhibition efficiency. 

.  
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Estimation of inhibition constant (KI) 

The inhibition constant (KI) represents the 

affinity of an inhibitor for a substrate and is a 

measure of how effectively the inhibitor binds to 

the substrate's active site. The inhibition constant 

(KI) can be related to the adsorption energy using 

the following equation: KI = exp(ΔG/RT) 

where 

ΔG is the change in Gibbs free energy associated 

with the binding of the inhibitor to the metal 

(negative of the adsorption energy) 

R is the gas constant (8.314 J/K-mole) 

T is the temperature in Kelvin (350 K) 

A lower KI value for BHBD (0.94232) indicates 

a stronger binding affinity of the inhibitor for the 

substrate meaning it is a more potent inhibitor. 

Conversely, a higher KI value for 2HPP 

(0.96290) suggests weaker binding. 

 

 

 

 

Figure 8. Simulated structures of 2HPP, and BHBD on the Fe(110) surface. 
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CONCLUSION 

Two new Salicylaldehyde Schiff base inhibitors, 

2HPP and BHBD, were synthesized and studied 

for their corrosion inhibition performance on 

mild steel in 1.0 M HCl. From the obtained 

experimental and theoretical results, the 

following conclusions were drawn: 

1. Both 2HPP and BHBD show good inhibition 

properties for mild steel in 1.0 M HCl solution 

and the observed inhibition efficiency of the two 

inhibitors increased with increasing 

concentrations following the order: BHBD > 

2HPP at same concentrations and conditions. 

2. The adsorption model of 2HPP and BHBD 

obeyed the Langmuir adsorption model.  

3.  Molecular dynamics simulation results reveal 

that 2HPP and BHBD adsorb nearly parallel to 

the Fe (110) surface.  

4. The inhibition ability of the two novel 

Salicylaldehyde Schiff base inhibitors follows the 

order, 2HPP < BHBD, which has been confirmed 

by the experimental measurements and 

theoretical calculation measurements. 

 

ACKNOWLEDGEMENTS  

The authors wish to thank the director of the 

Electrochemical and Materials research Unit 

(EMRU) for provision of laboratory space and 

facilities, the FUTO university management and 

department of Chemistry for provision of study 

fellowship. 

 

Notes  

Funding: Not applicable 

Conflict of interests: Not applicable 

Ethical approval: Not applicable 

Informed consent: Not applicable 

 

REFERENCES 

[1] A. M. Al-Sabagh, N. M. Nasser, A. A. Farag, 

M. A. Migahed, M. F. Abdelmonem, and E. T. 

Mahmoud, "Structure effect of some amine 

derivatives on corrosion inhibition efficiency for 

carbon steel in acidic media using 

electrochemical and Quantum Theory Methods," 

Egypt. J. Pet., vol. 22, pp. 101–116, 2013. 

[2] A. Ghames, T. Douadi, S. I. Issaad, L. Sibous, 

K. I. Alaoui, M. Taleb, and S. Chafaa, 

"Theoretical and Experimental Studies of 

Adsorption Characteristics of Newly Synthesized 

Schiff Bases and their Evaluation as Corrosion 

Inhibitors for Mild Steel in 1 M HCl," Int. J. 

Electrochem. Sci., vol. 12, pp. 4867–489, 2017. 

[3] T. Han, J. Guo, Q. Zhao, S. Li, X. Yang, L. 

Liang, and K. Wyclif, "Screening and Evaluation 

of Two Dye Wastewaters as Additives for Carbon 

Steel Corrosion Inhibitors in Acidic 

Environments," ACS Omega, vol. 6, pp. 

28587−28597, 2021. 

[4] X. Wang, H. Yang, and F. Wang, "A cationic 

gemini-surfactant as effective inhibitor for mild 

steel in HCl solutions," Corros. Sci., vol. 52, pp. 

1268−1276, 2010. 

[5] H. M. Abd El-Lateef and A. H. Tantawy, 

"Synthesis and evaluation of novel series of 

Schiff base cationic surfactants as corrosion 

inhibitors for carbon steel in acidic/chloride 

media: Experimental and theoretical 

investigations," RSC Adv., vol. 6, pp. 8681–8700, 

2016. 

[6] H. M. Abd El-Lateef, K. A. Soliman, and A. 

H. Tantawy, "Novel synthesized Schiff base-

based cationic Gemini surfactants: 

Electrochemical investigation, theoretical 

modeling and applicability as biodegradable 



J. Chem. Soc. Nigeria, Vol. 49, No. 5, pp 683 - 704[2024]  https://doi.org/10.46602/jcsn.v49i5.1001 
 

701 

 

inhibitors for mild steel against acidic corrosion," 

J. Mol. Liq., vol. 232, pp. 478–498, 2017. 

[7] A. L. Kohl and R. B. Nielsen, Gas 

Purification, 5th ed., Houston, TX: Gulf 

Publishing Co., 1997. 

[8] H. M. Abd El-Lateef, M. Desoky, A. 

Mohamad, M. R. Shehata, and A. M. Abu-Dief, 

"Targeted synthesis of two iron (III) tetradentate 

dibasic chelating Schiff base complexes towards 

inhibition of acidic induced steel corrosion: 

Empirical and DFT insights," Appl. Organomet. 

Chem., vol. 36, p. e6718, 2022. 

[9] R. N. El-Tabesh, A. M. Abdel-Gaber, H. H. 

Hammud, and R. Al-Oweini, "Correction to: 

Effect of Mixed-Ligands Copper Complex on the 

Corrosion Inhibition of Carbon Steel in Sulfuric 

Acid Solution," J. Bio Tribo-Corros., vol. 6, pp. 

1–8, 2020. 

[10] K. Y. El-Baradie, N. A. El-Wakiel, and H. 

A. El-Ghamry, "Synthesis, characterization and 

corrosion inhibition in acid medium of l-histidine 

Schiff base complexes," Appl. Organomet. 

Chem., vol. 29, pp. 117–125, 2015. 

[11] S. B. Ade, M. N. Deshpande, and D. G. 

Kolhatkar, "Corrosion a universal environmental 

problem: A role of Schiff base metal complexes 

as inhibitors," J. Chem. Pharm. Res., vol. 4, pp. 

1033–1035, 2012. 

[12] D. Daoud, T. Douadi, S. Issaadi, and S. 

Chafaa, "Adsorption and corrosion inhibition of 

new synthesized thiophene Schiff base on mild 

steel X52 in HCl and H2SO4 solution," Corros. 

Sci., vol. 79, pp. 50–58, 2014. 

[13] E. Ebenso, A. I. David, and O. E. Nnabuk, 

"Adsorption and quantum chemical studies on the 

inhibition potentials of some thiosemicarbazides 

for corrosion of mild steel in acidic medium," Int. 

J. Mol. Sci., vol. 11, no. 6, pp. 2473–2498, 2010. 

[14] E. Ebenso et al., "Phys. Chem. Phys.," DOI: 

10.1039/DICP00244A, 2021. 

[15] Y. Enans, R. Lena, and A. Mona, "Synthesis 

of Co(II), and Cu(II) complexes with NO and 

N2O2 ligands derived from salicylaldehyde," 

Chem. Mater. Res., vol. 8, no. 9, pp. 82–93, 2016. 

[16] C. Verma, L. O. Olasunkanmi, I. B. Obot, E. 

E. Ebenso, and M. A. Quraishi, "2,4-Diamino-5-

(phenylthio)-5H-chromeno [2,3-b] pyridine3-

carbonitriles as green and effective corrosion 

inhibitors: Gravimetric, electrochemical, surface 

morphology and theoretical studies," RSC Adv., 

vol. 6, pp. 53933–53948, 2016. 

[17] M. Ozcan, R. Solmaz, G. Kardas, and I. 

Dehri, "Adsorption properties of barbiturates as 

green corrosion inhibitors on mild steel in 

phosphoric acid," Colloids Surf. A Physicochem. 

Eng. Aspects, vol. 325, pp. 67–63, 2008. 

[18] I. B. Obot and N. O. Obi–Egbedi, 

"Adsorption properties and inhibition of mild 

steel corrosion in sulphuric acid solution by 

ketoconazole: Experimental and theoretical 

investigation," Corros. Sci., vol. 52, pp. 198–204, 

2010. 

[19] J. M. Roque, T. Pandiyan, J. Cruz, and E. 

Garcia-Ochoa, "DFT and electrochemical studies 

of tris(benzimidazole-2-ylmethyl)amine as an 

efficient corrosion inhibitor for carbon steel 

surface," Corrosion Science, vol. 50, pp. 614–

624, 2008. 

[20] S. Martinez, "Inhibitory mechanism of 

mimosa tannin using molecular modeling and 

substitutional adsorption isotherms," Materials 

Chemistry and Physics, vol. 77, pp. 97–102, 

2002. 

[21] L. M. Rodriguez-Valdez, A. Martinez-

Villafane, and D. Glossman-Mitnik, "CHIN–

DFT theoretical study of isomeric thiatriazoles 

and their potential activity as corrosion 

inhibitors," Journal of Molecular Structure: 

THEOCHEM, vol. 716, pp. 61–65, 2005. 

[22] J. Zhang, Q. Zhang, H. Ren, W. Zhao, and 

H. Zhang, "Inhibition performance of 2-

mercaptobenzothiazole derivatives in CO2 

saturated solution and its adsorption behaviour at 



J. Chem. Soc. Nigeria, Vol. 49, No. 5, pp 683 - 704[2024]  https://doi.org/10.46602/jcsn.v49i5.1001 
 

702 

 

Fe surface," Applied Surface Science, vol. 253, 

pp. 7416–7422, 2007. 

[23] R. M. Issa, M. K. Awad, and F. M. Atlam, 

"Quantum chemical studies on the inhibition of 

corrosion of copper surface by substituted 

uracils," Applied Surface Science, vol. 25, no. 5, 

pp. 2433–2441, 2008. 

[24] K. F. Khaled, "Corrosion control of copper 

in nitric acid solutions using some amino acids: 

A combined experimental and theoretical study," 

Corrosion Science, vol. 52, pp. 3225–3234, 2010. 

[25] K. F. Khaled, "Monte Carlo simulation of 

corrosion inhibition in mild steel in 0.5 M 

sulphuric acid by some green corrosion 

inhibitors," Journal of Solid State 

Electrochemistry, vol. 13, pp. 1743–1756, 2009. 

[26] C. Verma, L. O. Olasunkanmi, I. B. Obot, E. 

E. Ebenso, and M. A. Quraishi, "5-Arylpyrimido-

[4,5-b]quinoline-diones as a new and sustainable 

corrosion inhibitor for mild steel in 1 M HCl: A 

combined experimental and theoretical 

approach," RSC Advances, vol. 6, pp. 15639–

15654, 2016. 

[27] E. E. Oguzie, C. K. Enenebeaku, C. O. 

Akalezi, S. C. Okoro, A. A. Ayuk, and E. N. 

Ejike, "Adsorption and corrosion-inhibiting 

effect of Dacryodis edulis extract on low-carbon 

steel corrosion in acidic media," Journal of 

Colloid and Interface Science, vol. 349, pp. 283–

292, 2010. 

[28] K. O. Sulaiman, A. T. Onawole, O. Faye, and 

D. T. Shuaib, "Understanding the corrosion 

inhibition of mild steel by selected green 

compounds using chemical quantum-based 

assessments and molecular dynamics 

simulations," Journal of Molecular Liquids, vol. 

279, pp. 342–350, 2019. 

[29] C. Verma, H. Lgaz, D. K. Verma, E. E. 

Ebenso, I. Bahadur, and M. A. Quraishi, 

"Molecular dynamics and Monte Carlo 

simulations as powerful tools for study of 

interfacial adsorption behaviour of corrosion 

inhibitors in aqueous phase: A review," Journal 

of Molecular Liquids, vol. 260, pp. 99–120, 2018. 

[30] K. P. Srivasyava, A. Singh, and S. K. Singh, 

"Green and efficient synthesis, characterization, 

and antibacterial activity of Cu(II) complexes 

with unsymmetrical bidendate Schiff base 

ligands," IOSR Journal of Applied Chemistry, 

vol. 7, no. 4, pp. 16–23, 2014. 

[31] P. Shamly, M. P. Nelson, A. Antony, and J. 

T. Varkey, "Synthesis of salicylaldehyde-based 

Schiff bases and their metal complexes in 

aqueous media: Characterization and 

antibacterial study," International Journal of 

Recent Scientific Research, vol. 9, no. 5(B), pp. 

26566–26570, 2018. 

[32] C. O. Akalezi, F. C. Onwumere, C. O. Alisa, 

M. N. Nnanyereugo, and E. E. Oguzie, "New 

amine/phenylglycedyl ether adducts for mild 

steel protection in 1 M HCl: Experimental and 

computational study," Electroanalysis, vol. 32, 

pp. 1–14, 2020. 

[33] C. O. Akalezi, C. A. Maduabuchi, C. K. 

Enenebeaku, and E. E. Oguzie, "Experimental 

and DFT evaluation of adsorption and inhibitive 

properties of Moringa oleifera extract on mild 

steel corrosion in acidic media," Asian Journal of 

Chemistry, vol. 13, pp. 9270–9282, 2020. 

[34] E. E. Oguzie, C. K. Enenebeaku, C. O. 

Akalezi, S. C. Okoro, A. A. Ayuk, and E. N. 

Ejike, "Adsorption and corrosion-inhibiting 

effect of Dacryodis edulis extract on low-carbon-

steel corrosion in acidic media," Journal of 

Colloid and Interface Science, vol. 349, pp. 283–

292, 2010. 

[35] Y. Enans, R. Lena, and M. A. Mona, 

"Synthesis of Co(II) and Cu(II) complexes with 

NO and N2O2 ligands derived from 

salicylaldehyde," Chemical Materials Research, 

vol. 8, no. 9, pp. 82–93, 2016. 

[36] S. M. Shaban, "N-(3-(Dimethyl benzyl 

ammonio) propyl) alkanamide chloride 

derivatives as corrosion inhibitors for mild steel 

in 1 M HCl solution: Experimental and 



J. Chem. Soc. Nigeria, Vol. 49, No. 5, pp 683 - 704[2024]  https://doi.org/10.46602/jcsn.v49i5.1001 
 

703 

 

theoretical investigation," RSC Advances, vol. 6, 

pp. 39784–39800, 2016. 

[37] H. Y. Cen, J. J. Cao, Z. Y. Chen, and X. P. 

Guo, "2-Mercaptobenzothiazole as a corrosion 

inhibitor for carbon steel in supercritical CO2-

H2O condition," Applied Surface Science, vol. 

476, pp. 422–434, 2019. 

[38] Y. Yan, W. Li, L. Cai, and B. Hou, 

"Electrochemical and quantum chemical study of 

purines as corrosion inhibitors for mild steel in 

1M HCl solution," Electrochimica Acta, vol. 53, 

pp. 5953–5960, 2008. 

[39] G. Gao and C. Liang, "Electrochemical and 

DFT studies of β-amino-alcohols as corrosion 

inhibitors for brass," Electrochimica Acta, vol. 

52, pp. 4554–4559, 2007. 

[40] M. Lebrini, M. Lagrenée, M. Traisnel, L. 

Gengembre, H. Vezin, and F. Bentiss, "Enhanced 

corrosion resistance of mild steel in normal 

sulfuric acid medium by 2,5-bis(n-thienyl)-1,3,4-

thiadiazoles: Electrochemical, X-ray 

photoelectron spectroscopy and theoretical 

studies," Applied Surface Science, vol. 253, pp. 

9267–9276, 2007. 

[41] V. S. Sastri and J. R. Perumareddi, 

"Molecular orbital theoretical studies of some 

organic corrosion inhibitors," Corrosion Science, 

vol. 53, pp. 617–622, 1997. 

[42] R. G. Pearson, "Absolute electronegativity 

and hardness application to inorganic chemistry," 

Inorganic Chemistry, vol. 27, pp. 734–740, 1988. 

[43] S. Martinez, "Inhibitory mechanism of 

mimosa tannin using molecular modeling and 

substitutional adsorption isotherms," Materials 

Chemistry and Physics, vol. 77, no. 1, pp. 97–

102, 2003. 

[44] N. Kovacevic and A. J. Kokal, "Analysis of 

molecular electronic structure of imidazole- and 

benzimidazole-based inhibitors: A simple recipe 

for qualitative estimation of chemical hardness," 

Corrosion Science, vol. 53, pp. 909–921, 2011. 

[45] G. Gece, "The use of quantum chemical 

methods in corrosion inhibitor studies," 

Corrosion Science, vol. 50, pp. 2981–2992, 2008. 

[46] G. Bereket, E. Hur, and C. Ogretir, 

"Quantum chemical studies on some imidazole," 

Journal of Molecular Structure THEOCHEM, 

vol. 578, pp. 79–88, 2002. 

[47] P. Hohenberg and W. Kohn, 

"Inhomogeneous electron gas," Physical Review 

B, vol. 136, pp. 864–871, 1964. 

[48] N. O. Obi-Egbedi, I. B. Obot, M. I. El-

Khaiary, S. A. Umoren, and E. E. Ebenso, 

"Computational simulation and statistical 

analysis on the relationship between corrosion 

inhibition efficiency and molecular structure of 

some phenanthroline derivatives on mild steel 

surface," International Journal of 

Electrochemical Science, vol. 6, no. 11, pp. 

5649–5675, 2011. 

[49] E. E. Ebenso, D. A. Isabirye, and N. O. Eddy, 

"Adsorption and quantum chemical studies on the 

inhibition potentials of some thiosemicarbazides 

for the corrosion of mild steel in acidic medium," 

International Journal of Molecular Sciences, vol. 

11, pp. 2473–2498, 2010. 

[50] P. Udhayakalaa, S. A. Maxwell, T. V. 

Rajendiran, and S. Gunasekaran, "Theoretical 

assessment of corrosion inhibition performance 

of some pyridazine derivatives on mild steel," 

Journal of Chemical and Pharmaceutical 

Research, vol. 5, no. 8, pp. 142–153, 2013. 

[51] M. A. Quraishi and R. Sardar, "Hector 

bases—a new class of heterocyclic corrosion 

inhibitors for mild steel in acid solutions," 

Journal of Applied Electrochemistry, vol. 33, no. 

12, pp. 1163–1168, 2003. 

[52] H. Ju, X. Li, N. Cao, F. Wang, Y. Liu, and 

Y. Li, "Schiff-base derivatives as corrosion 

inhibitors for carbon steel materials in acid 

media: Quantum chemical calculations," 

Corrosion Engineering, Science and Technology, 

vol. 53, no. 1, pp. 36–43, 2018. 



J. Chem. Soc. Nigeria, Vol. 49, No. 5, pp 683 - 704[2024]  https://doi.org/10.46602/jcsn.v49i5.1001 
 

704 

 

[53] N. Khalil, "Quantum chemical approach of 

corrosion inhibition," Electrochimica Acta, vol. 

48, pp. 2635–2640, 2003. 

[54] A. E. Stoyanova and S. D. Peyerimhoff, "On 

the relationship between corrosion inhibiting 

effect and molecular structure," Electrochimica 

Acta, vol. 47, pp. 1365–1371, 2002. 

[55] K. F. Khaled, "Experimental, density 

function theory calculations and molecular 

dynamics simulations to investigate the 

adsorption of some thiourea derivatives on iron 

surface in nitric acid solutions," Applied Surface 

Science, vol. 256, pp. 6753–6763, 2010. 

[56] L. Feng, H. Yang, and F. Wang, 

"Experimental and theoretical studies for 

corrosion inhibition of carbon steel by 

imidazoline derivative in 5% NaCl saturated 

Ca(OH)2 solution," Electrochimica Acta, vol. 58, 

pp. 427–436, 2011. 

[57] S. W. Xia, M. Qiu, L. M. Yu, F. G. Liu, and 

H. Z. Zhao, "Molecular dynamics and density 

functional theory study on relationship between 

structure of imidazoline derivatives and 

inhibition performance," Corrosion Science, vol. 

50, pp. 2021–2029, 2008. 

[58] G. Bereket, C. Ogretir, and C. Özşahin, 

"Quantum chemical studies on the inhibition 

efficiencies of some piperazine derivatives for the 

corrosion of steel in acidic medium," Journal of 

Molecular Structure: THEOCHEM, vol. 663, no. 

1-3, pp. 39–46, 2003. 

[59] S. H. Xia, M. Qiu, L. Yu, and H. Zhao, 

"Molecular dynamics and density functional 

theory study on relationship between structure of 

imidazoline derivatives and inhibition 

performance," Corrosion Science, vol. 50, pp. 

2021–2029, 2008. 

[60] M. K. Awad, M. R. Mustafa, and M. M. Abo 

Elnga, "Computational simulation of the 

molecular structure of some triazoles as inhibitors 

for the corrosion of metal surface," Journal of 

Molecular Structure: THEOCHEM, vol. 959, pp. 

66–74, 2010. 

 


