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Abstract- The corrosion inhibition performances of some quinoline derivatives corrosion 
inhibitors on mild steel in acidic medium, namely, 5-((4-chlorophenyl)-benzimidazol-1-yl)-
methyl)-quinolin-8-ol (Q-Cl) and 5-((2-phenylbenzimidazol-1-yl)-methyl)-quinolin-8-ol (Q-H) 
on the corrosion of mild steel were investigated in this work by using electrochemical and 
quantum chemical calculations. The experimental results confirmed by Electrochemical 
impedance spectroscopy and potentiodynamic polarization measurements show that (Q-Cl) 
may exhibit the best inhibitive performance among (Q-H) for mild steel in hydrochloric acid 
solution. Furthermore, quantum chemical calculations of density function theory (DFT) and 
Actives sites (Fukui function) for quinoline derivatives were applied to theoretically determine 
the relationship between molecular structure and inhibition efficiency. 5-((4-chlorophenyl)-
benzimidazol-1-yl)-methyl)-quinolin-8-ol (Q-Cl) shows the highest reaction activity among the 
5-((2-phenylbenzimidazol-1-yl)-methyl)-quinolin-8-ol (Q-H) molecule. The binding energies 
of the corrosion inhibitor molecules and iron surface follow the order of Q-Cl > Q-H, which 
agrees well with the experimental findings. 

Keywords- Substituted Benzimidazole compounds, Quinolin-8-ol compounds, Mild steel, 
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1. INTRODUCTION  

Corrosion is a natural destruction of a metals in the environment by a chemical and 

electrochemical reactions. The use of organics corrosion inhibitor’s is one of the most efficient 

methods. The most effective inhibitors are p-conjugated systems and heterocyclic organic 

compounds. Furthermore, organic inhibitors containing nitrogen, oxygen, sulphur and aromatic 

rings in their molecular structure are highly effective against corrosion [1–4]. 

Steel has remarkable industrial and economic importance because of its low cost. Though, 

steel is a corrosion resistant material by forming a preventive film on its surface upon its 

exposure to the atmosphere or aqueous solution, in some cases, this metal can be exposed to 

corrosion [5]. For this reason, the synthesis and design of suitable inhibitors to prevent the 

corrosion of mild steel are quite momentous. It can be said that much research carried out in 

the prevention of corrosion of mild steel is available in the literature [6,7]. Experimental 

methods used to determine the corrosion inhibition efficiencies of and to understand the 

inhibition mechanisms of chemical compounds such as weight loss, potentiodynamic 

polarization (PDP), Electrochemical Impedance Spectroscopy (EIS), Fourier transform 

infrared spectroscopy (FTIR) and Scanning Electron Microscopy (SEM) are generally 

expensive and time-consuming too. With the improvement of computational hardware and 

software, in recent times, theoretical methods like Density Functional Theory (DFT) and 

molecular dynamics simulation methods have been accepted as fast and powerful tools to 

predict the relative corrosion inhibition efficiencies of inhibitor molecules [8–14]. Using 

molecular dynamic simulation methods, adsorption energy and binding energy between metal 

surface and corrosion inhibitors can be easily calculated. On the other hand, conceptual DFT 

is very popular in terms of the prediction of chemical properties [15,22]. In this theoretical 

approach evaluated quantum chemical parameters are considered in the prediction of chemical 

reactivity or stability. In the calculation of these mentioned chemical properties, Koopman's 

theorem [23,24] in general provides great facilities to computational and theoretical chemists. 

According to this theory, ionization energy and electron affinity values of chemical species are 

associated with their HOMO and LUMO energy values, respectively. 

In recent years, M. Rbaa et al. [24] have synthesized some newly quinoline derivatives and 

investigated experimentally their inhibition performances on the corrosion of mild steel. The 

molecular structures of these molecules are given in Fig. 1. The objective of this study is to 

evaluate the corrosion inhibition performance of theirs organic molecules on the corrosion of 

mild steel using quantum chemical calculations and also to theoretically predict and confirm 

the most effective corrosion inhibitor as previously described using electrochemical 

measurements. 
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                                                 (1-a)         (1-b) 

Fig. 1. Chemical structures of (1-a) 5-((2-phenylbenzimidazol-1-yl)-methyl)-quinolin-8-ol (Q-

H) and (1-b) 5-((4-chlorophenyl)-benzimidazol-1-yl)-methyl)-quinolin-8-ol (Q-Cl) 

 

2. QUANTUM CHEMICAL CALCULATIONS 

Density functional theory is certainly most widely used technique to ascertain the chemical 

reactivity of the studied molecules, cluster and solids. In view of above, the use of DFT 

methods for the evaluation of chemical reactivity has become very popular in recent times [25]. 

In the present study, DFT calculations were carried out using Gaussian 9.0 Program package 

[26]. The input of studied molecules were prepared with Gauss View 5.0.8. [27].  

A full optimization was performed up to a higher basis set denoted by 6- 31G++ (d,p) 

because this basis set gives more accurate results in terms of the determination of geometries 

and electronic properties for a wide range of organic compounds. The calculations in both 

gaseous and aqueous phases were also carried out using other levels of theory such as HF and 

DFT/B3LYP methods with SDD, 6-31++G (d,p) and 6-31 G basis sets. 

Although, it is found in some cases that B3LYP does not give particularly accurate HOMO 

and LUMO energy levels due to the self-interaction errors implicit to B3LYP [28–35]. 

Range separated functionals is a new class of functionals for generalized Kohn–Sham 

theory that are very effective in order to predict ionization potentials and energy gaps for a wide 

range of molecules and solids. In contrast to the normal hybrid functionals, the range separated 

functionals mixes exchange densities nonuniformly by partitioning the electron repulsion 

operator into the short-range (first term) and long-range (second term) component according 

to Zheng et al. [35]: 

=
 ( )

+
 ( )

         (1) 

Here, standard error function denotes as “erf”, inter-electronic distance between electrons 

‘1’ and ‘2’ as r12 and ‘μ’ is the range-separation parameter in units of Bohr-1. In this reason, 

range separated DFT method give more fruitful results in comparison to other hybrid functional 

level of DFT. However, for small organic molecules B3LYP also gives consistent results. Thus, 

it can be said that for one step higher level of DFT, the uses of range separated functionals is 

the more  appropriate measures. 
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DFT has provided significant contributions in the development of quantum chemistry. With 

the help of this theory, chemical indices such as chemical potential (μ), chemical hardness (η) 

and electronegativity (χ) have been defined as derivative of electronic energy (E) with respect 

to  number of electron (N) at a constant external potential υ(r). 

Quantitative expressions related to these concepts are given as follows [36,37]:  

𝜒 = −𝜇 = −
( )

          (2) 

𝜂 =
( )

=
( )

         (3) 

Applying the finite differences method [38] on the above equations the following, equations 

based on first vertical ionization energy and electron affinity values of chemical species for the 

calculation of chemical hardness, electronegativity and chemical potential have been derived 

according to Iczkowski et all [38]: 

𝜂 =            (4) 

𝜒 = −𝜇 =            (5) 

Koopman's theorem [23] provides an alternative method to determine the ionization energy 

and electron affinity values of chemical species. According to this theorem, the negative value 

of highest occupied and lowest unoccupied molecular orbital energy can be correlated with the 

ionization energy and electron affinity respectively (-EHOMO = I and -ELUMO = A). As a result 

of this theorem, chemical potential and chemical hardness can be expressed as [39] 

μ =           (6) 

η =           (7) 

According to Pearson who introduced the chemical harness concept, global softness can be 

defined as the inverse of the global hardness. From the light of this information, softness is 

given as [40]: 

𝑆 = =
( )

          (8) 

Electrophilicity [22] and nucleophilicity concepts have important applications in organic 

chemistry and have been extensively used in the prediction of organic reaction mechanisms. 

The global electrophilicity index (ω) introduced by Parr [41] could be defined via equation (9). 

According to Parr, electrophilic power of a chemical compound is associated with its 

electronegativity and chemical hardness. Nucleophilicity (ε) is the inverse of the 

electrophilicity and it is given via equation (10) [41]: 
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𝜔 = =             (9) 

𝜀 = 1
𝜔                     (10) 

All calculations were done in vacuum and the vibration frequency analyses  were  indicated  

that  optimized  structures  of investigated inhibitors are at stationary points corresponding to 

local minima without imaginary frequencies. Mentioned quantum chemical descriptors were 

calculated using equation bellows [42-44]: 

𝑓 = 𝑃 (𝑁 + 1) − 𝑃 (𝑁)                               (11) 

𝑓 = 𝑃 (𝑁) − 𝑃 (𝑁 − 1)                               (12) 

𝑓 =
( ) ( )

                    (13) 

3. RESULTS AND DISCUSSION 

3.1. Experimental result 

The addition effect of Q-Cl and Q-H was studied by weight loss, polarization and 

electrochemical impedance spectroscopy (EIS) at different concentrations on mild steel 

corrosion in hydrochloric acid medium. The experimental results previously published reveal 

that the organic compound has a good inhibiting effect on the mild steel in both medium 1.0 M 

HCl solution.  

 

 

-0,9 -0,8 -0,7 -0,6 -0,5 -0,4 -0,3 -0,2 -0,1
10-3

10-2

10-1

100

101

102

103

 Blank

 10-6M

 10-5M

 10-4M

 10-3M

 

 

C
ur

re
nt

 d
en

si
ty

 (
m

A
/c

m
2  )

Potential (V/SCE)

-0,9 -0,8 -0,7 -0,6 -0,5 -0,4 -0,3 -0,2 -0,1

10-3

10-2

10-1

100

101

102

103

 blank

 10-6M

 10-5M

 10-4M

 10
-3
M

 

C
ur

re
nt

 d
en

si
ty

 (
m

A
/c

m
2  )

Potential (V/SCE)  
                                    (2-a)                                                                   (2-b) 

Fig. 2. Potentiodynamic polarization curves for mild steel in 1.0 M HCl containing different 

concentration of Q-H (2-a) and Q-Cl (2-b) Rbaa et al. [24] 

 

Furthermore, the protection efficiency increases with increasing inhibitor concentration, 

but the temperature has hardly effect on the inhibition efficiency of Q-Cl and Q-H. 

Potentiodynamic polarization studies have shown that Quinoline derivatives acts as a mixed 
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type of inhibitor (Fig. 2). Data obtained from EIS studies were analyzed to model inhibition 

process through appropriate equivalent circuit model (Fig. 3).  
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Fig. 3. Nyquist plots for mild steel in 1.0 M HCl at open circuit potential in the absence and 

presence of different concentrations of Q-H (3-a) Q-Cl (3-b): (scatter) experimental [24] 

 

Still, validation of results is an important phase of search. The variation of E (%) studied 

by three methods; Namely gravimetry, polarization curves and electrochemical impedance 

spectroscopy (SIE); As a function of the concentration of Quinolines substituted compounds in 

1.0 M HCl medium is presented in Table 1.  

 

Table 1. Variation of inhibition efficiency as function of concentration 

 

Weight-

loss 

Electrochimical methods Mean Standards deviation σ 

Potentiodyna

mic 

polarization 

Impedence 

spectroscopy 

Mean vs. 

all methods 

Mean vs. 

electrochemical 

methods 

σ vs. all 

methods 

σ vs. 

electrochemi

cal methods 

Q-Cl/mild steel/1.0 M HCl system 

77.60 67.96 66.35 70.64 67.16 6.08 1.14 

83.70 76.91 76.51 79.04 76.71 4.04 0.28 

86.60 85.66 86.00 86.09 85.83 0.48 0.24 

92.50 90.23 90.00 90.91 90.12 1.38 0.16 

Q-H/mild steel/1.0 M HCl system 

74.70 66.12 66.60 69.14 66.63 4.82 0.34 

79.10 72.74 70.83 74.22 71.79 4.33 1.35 

85.20 80.06 80.43 81.90 80.25 2.87 0.26 

89.00 86.57 86.54 87.37 86.56 1.41 0.02 
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It is very interesting to know if the results are very dispersed or if they are close to the mean 

E (X). The variance of a discrete variable composed of "n" observations as follows [45]: 

𝜎 =
∑( )

                                                                                                                             (14) 

The standard deviation of a discrete variable composed of "n" observations is the positive 

square root of the variances and is defined as follows [46]: 

𝜎 =
∑( )

                                                                                                                            (15) 

As the arithmetic mean of the sizes, is calculated by the following equation: 

𝑋 = ∑ 𝑥                                                                                                                                 (16) 

In our case, "n = 3" related to the results of the techniques used. 

The standard deviation "σ" of the inhibitor efficiencies calculated by the three methods 

varies from 0.48 to 6.08, which means that the results of the inhibition rate calculated using 

weight loss are not in good agreement. This may be a consequence of the precision of weight-

loss measurements. In order to confirm the result, the standard deviation was calculated only 

for electrochemical measurements. In this case, significantly changed was observed for 

standard deviation for electrochemical measurement compared to its values for all 

measurement. The range of standard deviation is from 0,02 to 1,35. Witch indicate that 

electrochemical measurement is more precis of weight loss test.  

 

3.2. Quantum chemical studies 

The inhibition efficiencies of the quinoline derivatives on the corrosion of mild steel were 

investigated by quantum chemical studies. The results obtained in the study demonstrated that 

these compounds considered are good inhibitors against corrosion of mild steel. Quantum 

chemical calculations and molecular dynamics simulations were carried out and the calculated 

binding energies of the studied molecules on the mild steel surface showed that these molecules 

are very effective against the corrosion of mild steel. The obtained results in the study are given 

in detail below. 

Chemical reactivity descriptors such as, EHOMO, ELUMO, ∆E (HOMO–LUMO energy gap), 

chemical hardness, softness, electronegativity, proton affinity, electrophilicity and 

nucleophilicity are important and useful tools to compare the corrosion inhibition performances 

of molecules. In the present study, calculated quantum chemical parameters using various 

methods and basis sets for protonated and non-protonated forms of studied molecules in both 

gas phase and aqueous phase are presented in Tables 2 and 3 respectively. 
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Table 2. Calculated quantum chemical parameters for protonated molecules in gas phase (eV) 

 

Molecule EHUMO (eV) EHOMO (eV) ∆E MD Χ μ Η S ΔN ω 

B3LYP/6-31G level (d, p) 

Q-Cl -1,85 -5,97 4,11 4xm

mzm 

c,x,8

8 

3,91 -3,91 2,05 0,48 0,74 3,72 

Q-H -1,77 -5,86 4,09 4,79 3,81 -3,81 2,04 0,48 0,77 3,56 

B3LYP/6-311G level (d, p) 

Q-Cl -2,10 -6,21 4,10 5,00 4,16 -4,16 2,05 0,48 0,69 4,21 

Q-H -2,02 -6,10 4,08 4,91 4,06 -4,06 2,04 0,48 0,71 4,04 

 

Table 3. Calculated quantum chemical parameters for non-protonated molecules in aqueous 

phase (eV) 

 

Molecule EHUMO (eV) EHOMO (eV) ∆E MD χ μ η S ΔN ω 

B3LYP/6-31G level (d, p) 

Q-Cl -1,70 -5,97 4,26 7,01 3,84 -3,84 2,13 0,46 0,74 3,46 

Q-H -1,70 -5,96 4,25 7,19 3,83 -3,83 2,12 0,46 0,74 3,44 

B3LYP/6-311G level (d, p) 

Q-Cl -1,94 -6,20 4,26 7,24 4,07 -4,07 2,13 0,46 0,68 3,90 

Q-H -1,94 -6,19 4,25 7,44 4,06 -4,06 2,12 0,47 0,68 3,89 

 

Analysis of frontier molecular orbitals presents important clues to us in terms of the 

prediction of chemical reactivity of molecules. There is a remarkable relationship between 

corrosion inhibition efficiency and HOMO energy level. The energy of HOMO is associated 

with the electron donating ability of a molecule. High energy value of HOMO state that the 

molecule is prone to donate electrons to appropriate acceptor molecules having low energy and 

empty molecular orbital. Another useful parameter to compare the electron donating or 

accepting abilities of molecules is LUMO energy level. LUMO energy level is an indicator of 

electron accepting abilities of molecules. It is important to note that the molecules that have 

lower LUMO energy value have more electron accepting ability. Considering calculated 

HOMO and LUMO energy levels given in Tables 2 and 3 for studied compounds, we can write 

the corrosion inhibition efficiency order as: Q-Cl>Q-H. This obtained corrosion inhibition 

efficiency ranking is compatible with the results obtained from molecular dynamic simulation 

approach. Chemical hardness is defined as the resistance towards the electron cloud 

polarization and deformation of chemical species [46] Hard and Soft Acids–Bases (HSAB) 

[47,48] and Maximum Hardness (MHP) [49] Principles based on chemical hardness concept 
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are very useful in terms of estimating the directions of chemical reactions and understanding 

of the nature of chemical interactions. According to maximum hardness  principle,  a chemical 

system tends to arrange itself so as to achieve maximum hardness and chemical hardness can 

be considered as a measure of stability. As is given above, softness is the reciprocal of chemical 

hardness and it can be said that softness is a measure of the reactivity. Chemical hardness, 

softness and ∆E are quantum chemical parameters closely associated with each other. As it is 

well known, both softness and hardness are resulted based on HOMO and LUMO orbital 

energies as a theoretical outcomes of Koopman's theorem. Hard molecules which have high 

HOMO–LUMO energy gap cannot act as good corrosion inhibitor. However, soft molecules 

which have low HOMO–LUMO energy gap may be good corrosion inhibitor because those 

can easily donate the p-electrons to the metals. It is apparent that we can write the same 

corrosion inhibition ranking considering these aforementioned chemical properties. The 

optimized geometry, HOMO and LUMO and molecular electrostatic potential structures of 

non-protonated inhibitor quinoline molecules in aqueous and also gas phase were shown in 

Fig. 4 to 7. 

 

 

 

              
                                              (4-a)    (4-b) 

 

     
                                                                       (4-c) 

Fig. 4. The optimized structures, HOMOs (4-a), LUMOs (4-b) and molecular electrostatic 

potential structures (4-c) of non-protonated inhibitor (Q-H) molecules in gas phase using 

DFT/B3LYP/6-31 ++ G (d,p) 
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                                         (5-a)           (5-b) 

 

 
                                                                                (5-c) 

Fig. 5. The optimized structures, HOMOs (5-a), LUMOs (5-b) and molecular electrostatic 

potential structures (5-c) of non-protonated inhibitor (Q-Cl) molecules in gas phase using 

DFT/B3LYP/6-31 ++ G (d,p) 

 

      
                                                   (6-a)    (6-b) 

 

 
(6-c) 

Fig. 6. The optimized structures, HOMOs (6-a), LUMOs (6-b) and molecular electrostatic 

potential structures (6-c) of non-protonated inhibitor (Q-H) molecules in aqueous phase using 

DFT/B3LYP/6-31 ++ G (d,p) 
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                                                 (7-a)    (7-b) 

 

 
                                                                              (7-c) 

Fig. 7. The optimized structures, HOMOs (7-a), LUMOs (7-b) and molecular electrostatic 

potential structures (7-c) of non-protonated inhibitor (Q-Cl) molecules in aqueous phase using 

DFT/B3LYP/6-31 ++ G (d,p) 

 

On the basis of the calculated chemical hardness, softness and energy gap given in the 

related tables, the corrosion inhibition efficiency ranking of studied chemical compounds can 

be written as: Q-Cl > Q-H. Pearson [50] has classified as hard and soft the Lewis acids–bases. 

In this classification, sulfur containing molecules is located in the group of soft molecules. In 

this sense, it should be noted that the ranking  given above is also compatible with theoretical 

expectations. Namely, Q-Cl containing chloride atom should be more effective corrosion 

inhibitor among other molecules considered in this study. 

Electronegativity is a key parameter used to estimate the electron transfer between metal 

and inhibitor. It is seen from the equation given below that electron transfer from the quinoline 

inhibitors to the metallic surfaces were decreases when the electronegativity of the quinoline 

substituted inhibitors increases. According to Sanderson's electronegativity equalization 

principle, [51,52] the electron transfer between metal and inhibitor continues until their 

electronegativity values become equal with each other. According to Pearson, [47] the fraction 

of electrons transferred from corrosion inhibitor to metal (∆N) can be calculated via following 

equation. It is important to note that this equation has been derived with the help of chemical 

hardness and electronegativity equalization principle. 

∆𝑁 =
( )

                   (17) 
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Where, χM and χinh are electronegativity of metal and electronegativity of inhibitor, 

respectively. ηM and ηinh represent chemical hardness value of metal and chemical hardness 

value of inhibitor, respectively. From Tables 2 and 3, it is possible to observe that Q-Cl has the 

lowest value of electronegativity is a good corrosion inhibitor compared to Q-H molecule 

which have high electronegativity values. 

The partial atomic charges on atoms of the inhibitor molecules provide important clues 

about the identifying of reactive center [53]. The constitute atoms with the highest negative 

charge represent the high tendency to be adsorbed of inhibitor molecule on the metal surface. 

The inhibitors can easily interact with the  metal  surface  through  such  atoms.  Proton  affinity  

is   a measure of basicity and it can be defined as the enthalpy of the reaction with H+ ion of a 

chemical species in gas phase [54] As can be  understood   from  this  definition,  comparisons  

regarding proton affinities of molecules should be performed considering the results obtained 

in the gas phase. The presence of the heteroatoms such as oxygen and nitrogen in the molecules 

of quinoline derivatives causes to high tendency for protonation in acidic medium. Thus, 

analysis of the protonated forms of studied compounds is important in terms of the calculation 

of the proton affinities of neutral inhibitors. It should be noted that a chemical compound  with 

high proton affinity acts as a good corrosion inhibitor. If so, according to proton affinity values 

given in Table 1 of studied compounds, corrosion inhibition efficiencies follow the order:  

Q-Cl>Q-H.  

 

3.3. Actives sites (Fukui function) 

Besides the distribution of frontier orbital, Fukui indices are crucial parameters for the 

determination of the active sites of the quinoline derivatives molecule [55,56]. The Fukui 

functions constitute useful local descriptors employable in the theoretical justification of the 

donor-acceptor interaction. Table 4 showed the obtained Fukui functions for the studied 

compounds.  

The preferred site for nucleophilic attack is the atom in the molecule where the value of f + 

is the highest while the preferred site for electrophilic attack is the atom in the molecule where 

the value of f-- is the highest [57]. In both inhibitors in aqueous phase, atoms C29, C35, and N42 

present the highest values of fk
+, where are the most susceptible sites for nucleophilic attacks. 

On the other hand, C4, C26, and O40 in Q-Cl and Q-H are the susceptible sites for electrophilic 

attacks as they present the highest values of fk
-. Also, in gas phase, atoms C29, C35, and N42 

present the highest values of fk
+, where are the most susceptible sites for nucleophilic attacks. 

However, C26, C35, and O40 in both quinolines inhibitors are the susceptible sites for 

electrophilic attacks as they present the highest values of fk
-. 
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Table 4. The values of the Fukui functions for quinoline 

 

4. CONCLUSION 

Density functional theory at B3LYP with different basis sets and actives sites (Fukui 

function) were performed to evaluate the corrosion inhibition efficiencies of for  

Atome Q-Cl Q-H Q-Cl Q-H 

Gaz phase Aquouse phase 

𝑓   𝑓  𝑓   𝑓  𝑓   𝑓  𝑓   𝑓  

C (1) -0.00181 0.03421 -0.00087 0.03482 0.00163 0.02435 0.00165 0.02861 

C (2) -0.0046 0.03009 -0.00667 0.03177 -0.00267 0.02056 -0.00293 0.02563 

C (3) 0.0092 -0.00221 0.00687 -0.00106 -0.00081 0.0003 -0.00105 0.0005 

C (4) 0.02787 0.07065 0.02544 0.07466 0.00402 0.03615 0.00367 0.0422 

C (5) 0.01359 0.02121 0.01321 0.02061 0.00346 0.0188 0.00337 0.02191 

C (6) 0.03063 0.0243 0.02933 0.02718 0.00302 0.00969 0.00258 0.011 

C (7) 0.01608 0.04181 0.01611 0.04514 0.00168 0.02385 0.00115 0.02765 

N (11) 0.00234 -0.00358 -0.00165 -0.00289 -0.00668 -0.0066 -0.00703 -0.00549 

N (12) 0.04259 0.05116 0.03898 0.05569 0.00933 0.03001 0.00834 0.03371 

C (13) 0.02356 0.0001 0.013 0.00055 -0.00162 -0.00107 -0.00255 0.00233 

C (14) 0.01129 0.01375 0.00941 0.01538 0.00174 0.00846 0.00159 0.00991 

C (15) 0.02347 0.01246 0.01612 0.01491 0.0007 0.00691 -0.00088 0.01041 

C (16) 0.02439 0.0134 0.01766 0.0115 0.00274 0.00559 0.0017 0.00662 

C (18) 0.00816 0.01113 0.00546 0.00871 0.00168 0.00378 0.00157 0.00327 

C (20) 0.03366 0.02507 0.042 0.05025 0.00202 0.01069 0.00214 0.02186 

C (23) -0.00715 -0.01137 -0.00806 -0.0111 -0.00994 -0.01593 -0.01016 -0.01476 

C (26) 0.03248 0.07631 0.04019 0.07384 0.06932 0.14077 0.06998 0.1307 

C (27) -0.00831 -0.00879 -0.00922 -0.00852 -0.00242 -0.00523 -0.00225 -0.00454 

C (28) 0.02962 0.0001 0.03525 0.00015 0.05324 0.02439 0.05328 0.02337 

C (29) 0.09492 0.01727 0.10977 0.01649 0.17409 0.03961 0.17669 0.03649 

C (30) 0.00654 0.00761 0.00686 0.00768 0.01813 0.01607 0.0186 0.01532 

C (31) 0.02938 0.04303 0.03396 0.04138 0.05345 0.07897 0.05429 0.0725 

C (33) 0.03474 0.02979 0.03744 0.03002 0.05674 0.03926 0.05715 0.03661 

C (35) 0.03809 0.04464 0.04173 0.0448 0.06496 0.08324 0.06499 0.078 

C (37) 0.05134 0.02912 0.05419 0.02912 0.09619 0.03167 0.09748 0.02964 

O (40) 0.03267 0.07291 0.03545 0.07198 0.03623 0.10216 0.03636 0.0948 

N (42) 0.08428 0.02006 0.09472 0.02011 0.13897 0.03559 0.1409 0.03293 

Cl (44) 0.04806 0.06754 0.05215 0.06812 0.00305 0.01417 0.00402 0.01213 
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5-((4-chlorophenyl)-benzimidazol-1-yl)-methyl)-quinolin-8-ol (Q-Cl) and 5-((2-

phenylbenzimidazol-1-yl)-methyl)-quinolin-8-ol (Q-H) at the molecular level. The neutral and 

protonated forms were considered in quantum chemical calculations in gas and aqueous phases. 

Based on the results obtained in this study, the following conclusions can be presented: 

 The results of quantum chemical calculations of Density functional theory (DFT) approach 

showed that the corrosion inhibition efficiency ranking of studied compounds can be given 

as: Q-Cl>Q-H. 

 The Actives sites (Fukui function) for quinoline derivatives were applied to theoretically 

determine the relationship between molecular structure and inhibition efficiency. 5-((4-

chlorophenyl)-benzimidazol-1-yl)-methyl)-quinolin-8-ol (Q-Cl) shows the highest reaction 

activity among the 5-((2-phenylbenzimidazol-1-yl)-methyl)-quinolin-8-ol (Q-H) molecule.  

 The binding energies of the corrosion inhibitor molecules and iron surface follow the order 

of Q-Cl>Q-H. 

 The theoretical results obtained in this study are important towards rational design new 

quinolines derivatives as corrosion inhibitors. 
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