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ABSTRACT  
 
The corrosion inhibition properties of 2-(2-Pyridyl) benzimidazole (PB) for C38 steel in HCl 1M solution were analysed 
by electrochemical impedance spectroscopy (EIS) and potentiodynamic polarization methods. The protection efficiency 
increases with increasing inhibitor concentration to attain 98.8 % at 2.10-4M. Potentiodynamic polarization data 
suggests mixed-mode of corrosion inhibition with predominant control of cathodic reaction. The studied inhibitor follows 
Langmuir adsorption isotherm. Data, obtained from EIS measurements, were analyzed to model the corrosion inhibition 
process through appropriate equivalent circuit model; a constant phase element (CPE) has been used. The effect of 
temperature on the corrosion behavior of C38 steel in 1 M HCl, with the addition of PB was also studied and it can be 
regarded as temperature-independent inhibitor. The activation energy as well as other thermodynamic parameters for the 
inhibition process was calculated and discussed. The results obtained showed that the PB could serve as an effective 
inhibitor of the corrosion of C38 steel in hydrochloric acid solution. Quantum chemical parameters were calculated using 
ab initio and DFT methods to find a good correlation with the inhibition efficiency. A good correlation was found between 
the theoretical calculations and experimental observations. 
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INTRODUCTION 
 

The corrosion is a main problem for steel industry, especially in acidic media. The inorganic acids are widely used 
in many processes such as pickling, cleaning and descaling therefore; corrosion prevention has critical importance 
[1–3]. Suitable method for corrosion protection in acid medium is addition of inhibitors. In the oil extraction and 
processing industries, inhibitors have always been considered the first line of defense against corrosion. Generally, 
the most efficient inhibitor molecules contain nitrogen, sulfur, oxygen, multiple bonds and aromatic rings [4–12]. 
The polar function is usually regarded as the reaction center for the establishment of the adsorption process [13]. 
Thus, the predominant mechanism of action of an inhibitor may vary with factors such as its concentration, pH, the 
nature of the anion, the presence of other species in the solution, the extent of reactions to form secondary inhibitors 
and the nature of the metals [14–18]. Basically, the adsorption process is constituted of two dependent steps; 
inhibitor molecules transfer from the bulk aqueous media to the double-layer and then adsorb onto the corroding 
surface; resulting in construction of a protective layer [19]. Therefore, hydrodynamic flow can be a vital 
environmental factor which influences on inhibitor performance by facilitating the molecular transport process from 
bulk solution to surface (positive effect), inducing a surface shear stress and promoting inhibitor desorption 
(negative effect). Thus, the adsorption of inhibitors may blocks either cathodic, anodic, or both reactions. In recent years, 
there is a considerable amount of effort devoted to develop novel and efficient corrosion inhibitors. Several works have 
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studied the influence of organic compounds on the corrosion of steel in acidic media such as azole [20-27], pyridine [28-
33] sulfuric [34-37] and amino acid [38-41] compounds. Benzimidazole and its derivatives have received considerable 
attention on their inhibition properties for metallic corrosion over the past years [42–44]. Benzimidazole is a 
heterocyclic organic compound, the nitrogen atom and the aromatic ring in molecular structure are likely to facilitate 
the adsorption of the compounds on the metal surface [45]. Some derivatives of benzimidazole have been 
demonstrated as excellent inhibitors for metals and alloys in acidic solution, and exhibit different inhibition 
performance with the difference in substituent groups and substituent positions on the imidazole ring [46–52]. The 
2-Amino-5-mercapto-1,3,4-thiadiazole [53], 2-amino-5-alkyl-1,3,4-thiadiazole [53–55], Schiff’s base [56] and 2-
amino-5-(n-pyridyl)-1,3,4-thiadiazole [57] and 2-(4-pyridyl)-benzimidazole [58] have been verified to be efficient 
inhibitors for steel in acidic media. Lagrenée group has synthesized series of 2, 5-disubstituted 1,3,5-thiadiazoles 
compounds, in which the substituted groups include pyridyl [59–62]. The 2-(2-Pyridyl) benzimidazole (PB) (Fig.1) 
used for the study was obtained from Sigma company –Aldrich (Germany). 
 

 
Fig. 1 Chemical structure of 2-(2-Pyridyl) benzimidazole 

 
MATERIALS AND METHODS 

 
2.1. Test solutions 
HCl solutions were prepared by dilution of analytical commercial grade 37% HCl with deionised water. The 
inhibitor effect of PB was determined by electrochemical impedance spectroscopy EIS and potentiodynamic 
polarization techniques. The corrosion tests were performed in a 1M HCl solution in the absence of inhibitor and in 
the presence of a variety of concentrations of PB ranging from 10-6 M to 10-3 M. The electrochemical tests were 
carried out under air atmosphere with stirring the solutions. The temperature of the solutions was controlled 
thermostatically. 
 
2.2. Electrochemical tests 
The electrochemical study was carried out using a potentiostat PGZ100 piloted by Voltamaster software. This 
potentiostat is connected to a cell with three electrode thermostats with double wall (Tacussel Standard CEC/TH). 
A saturated calomel electrode (SCE) and platinum electrode were used as reference and auxiliary electrodes, 
respectively. The material used for constructing the working electrode was the same used for gravimetric 
measurements. The surface area exposed to the electrolyte is 0.56 cm2. Potentiodynamic polarization curves were 
plotted at a polarization scan rate of 0.5 mV/s. Before all experiments, the potential was stabilized at free potential 
during 30 min. The polarisation curves are obtained from −700 mV to −300 mV at 298 K. The solution test is there 
after de-aerated by bubbling nitrogen. Gas bubbling is maintained prior and through the experiments. 
Electrochemical impedance spectroscopy (EIS) measurements are carried out with the electrochemical system 
(Tacussel), which included a digital potentiostat model Voltalab PGZ100 computer at Ecorr after immersion in 
solution without bubbling. After the determination of steady-state current at a corrosion potential, sine wave voltage 
(10 mV) peak to peak, at frequencies between 100 kHz and 10 mHz are superimposed on the rest potential. 
Computer programs automatically controlled the measurements performed at rest potentials after 0.5 hour of 
exposure at 298 K. The impedance diagrams are given in the Nyquist representation. Experiments are repeated 
three times to ensure the reproducibility. 
 
2.3. Quantum Chemical Study 
Quantum chemical calculations are very effective methods for determining a correlation between molecular 
structure and inhibition efficiency. They can also be utilized to support the accuracy of experimental results [63–65]. 
Thus, it is important to compute the quantum chemical parameters, such as the energy of the highest occupied 
molecular orbital (EHOMO), the energy of the lowest unoccupied molecular orbital (ELUMO), the fraction of 
electrons transferred (∆N) and the energies of the frontier molecular orbitals. In the present study, density functional 
theory (DFT) was used to determine the molecular structure of (PB) as a corrosion inhibitor for C38. The corrosion 
inhibition behavior of (PB) on the C38 in acidic solution was investigated using some experimental techniques. 
Quantum chemical computations were carried out by density function theory (DFT) with 6-31-G (d, p) basis set. All 
of the calculations were carried out with Gaussian 03W package [66, 67]. The following quantum chemical 
parameters were acquired: EHOMO, ELUMO, EHOMO - ELUMO energy gap (∆E), electronegativity (χ), global 
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hardness (η), global softness (σ), fraction of electrons transferred (∆N) and Mulliken charges on the backbone 
atoms. 
 

RESULTS AND DISCUSSION 
 

3.1. Electrochemical impedance spectroscopy measurements 
Electrochemical impedance spectroscopy is a powerful tool for studying corrosion inhibition phenomena [68-70]. In 
order to get more information about the corrosion behavior of steel in 1M HCl, electrochemical impedance 
spectroscopy (EIS) measurements were obtained in the absence and presence of various concentrations of PB at 298 
K and Nyquist plots were presented in Fig. 2. The electrochemical impedance parameters derived from this 
investigation are mentioned in Table 1. 
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Fig. 2. Nyquist diagrams for C38 steel electrode with and PB at Ecorr 
 
The values of the polarization resistance were calculated by subtracting the high frequency intersection from the low 
frequency intersection [71]. Double layer capacitance values were obtained at maximum frequency (fmax), at which 
the imaginary component of the Nyquist plot is maximum, and calculated using the following equation: 
 

                                                            (1) 
 

With Cdl: Double layer capacitance (µF.cm-2); fmax: maximum frequency (Hz) and Rt: Charge transfer resistance 
(Ω.Cm2). 
The inhibition efficiency can be calculated by the following formula: 

                                                  (2) 
 
Were Rt and R0

t are the charge transfer resistances in inhibited and uninhibited solutions respectively. 
 

Table 1. Electrochemical Impedance parameters for corrosion of C38 steel in acid medium at various contents of PB. 
 

Conc. (M) 
Rt 

(Ω.cm2) 
10-5A 

(Ω -1Sn cm2) 
N 

fmax 
(Hz) 

Cdl 
(µF/cm2) 

ERT 
(%) 

Blank 74 12.82 0.8984 75.72 75.72 - 
10-6 214 5.98 0.8732 41.34 32.77 65.4 
10-5 365 5.14 0.8698 29.95 25.25 79.7 
10-4 503 3.42 0.8624 21.39 16.05 85.3 

2.10-4 690 2.36 0.8423 14.04 12.46 89.3 
10-3 1170 1.98 0.8345 11.58 10.28 93.7 
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As shown in Fig. 2, all the impedance spectra exhibit one single capacitive loop, which indicates that the corrosion 
of steel is mainly controlled by the charge transfer process, and usually related to the charge transfer of the corrosion 
process and double layer behavior [72,73]. The capacitive loops are slightly depressed as semi-circular shapes 
because of the roughness and other inhomogeneities of C38 steel surface resulting in a phenomenon called 
‘‘dispersing effect’’[74,75]. The diameters of those loops increase with increasing concentrations of PB. In addition, 
the shape is maintained throughout all tested inhibitor concentrations compared with that of blank solution. Thus, 
there is almost no change in the corrosion mechanism whether the inhibitor is added [76]. The nyquist’s plot of C38 
steel in the absence of the inhibitor contains a slightly depressed semi-circular shape and only one time constant was 
seen as expected from literature [77, 78]. Accordingly, the EIS data are simulated by the equivalent circuit using 
ZWiev2 fitting program and it was given in fig.3. Rs and Rct are the solution resistance and charge transfer 
resistance, respectively. CPE is constant phase element to replace a double layer capacitance (Cdl) for more accurate 
fit [79]. The impedance of a CPE is described by the expression:  
 
ZCPE = Y-1 (jω)-n                                                 (3) 
 
Where Y is the magnitude of CPE, ω is the angular frequency (2πfmax), and the deviation parameter n is a valuable 
criterion of the nature of the metal surface and reflects microscopic fluctuations of the surface. For n = 0, ZCPE 

represents a resistance with R = Y-1; n = -1 an inductance with L = Y -1, n = 1 an ideal capacitor with C = Y [80]. 
The idealized capacitance (Cid) values can be described by CPE parameter values Y and n using the following 
expression [81]: 
 
Cid =Yωn-1/sin (nπ/2)                                                             (4) 
 

 
Fig. 3 The electrochemical equivalent circuit used to fit the impedance spectra 

 
Figs. 4 and 5 correspond to the fitted plots for EIS experiment data using the electric circuit of Fig.3 in the absence 
and presence of 10-3M of PB. 
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Fig. 4 EIS Nyquist plots for C38 steel in 1M HCl 
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Fig. 5 EIS Nyquist plots for C38 steel in 1M HCl + 10-3M of PB interface 

 
Fig. 6 illustrates variation of Double layer capacitance (Cdl) and inhibition efficiency (ERT) with PB compound 
concentration for steel in 1M HCl at 298 K. Excellent fit with this model was obtained with our experimental data 
(Figs. 4 and 5). It is observed that the fitted data match the experimental, with an average error of about 0.1%.  
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Fig. 6 Variation of Double layer capacitance (Cdl) and inhibition efficiency (ERT) with PB compound concentration for steel in 1M HCl at 

298 K 
 
According to the equivalent circuit, the addition of PB to the corrosive solution increases the charge transfer 
resistance (Rt) and decreases the double layer capacitance (Cdl). Kosari et al. [82] studied other pyridine derivatives, 
which were pyridine-2-thiol (P2T) and 2-pyridyl disulfide (2PD), against corrosion of steel in HCl medium. In their 
research, the Rt values of steel electrode in 200 ppm P2T and 2PD containing 0.1 M HCl solutions were 918 and 701 
Ω. cm2, respectively. The double layer between the charged metal surface and the solution is considered as an 
electrical capacitor. The decrease of capacity in inhibited system may be attributed to the formation of a protective 
layer on the electrode surface [83]. The decreased Cdl values can result from the increase of thickness of electrical 
double layer or decrease of the local dielectric constant which suggest the substitution of H2O molecules (with 
higher dielectric constant) with inhibitor molecules (with lower dielectric constant) leading to a protective film on 
electrode surface [84]. Generally, the deviation of n from the values of 1 can be considered as a measure of the 
surface inhomogeneity [85, 86] and the efficiency reaches 93.7% at 10-3M of PB. 
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3.2. Polarization curves 
Potentiodynamic polarisation curves of C38 steel in 1M HCl in the absence and presence of PB at different 
concentrations at 298 K are presented in Fig.7. The corrosion parameters including corrosion current densities (Icorr), 
corrosion potential (Ecorr), cathodic Tafel slope (βc) and inhibition efficiency (EI %) are listed in Table 2. 
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Fig. 7 Potentiodynamic polarisation curves of C38 steel in 1M HCl in the presence of different concentrations of PB 

 
Table 2 Electrochemical parameters of C38 steel at various concentrations of PB in 1M HCl and corresponding inhibition efficiency 

 
Concentration  

(M) 
Ecorr  

(mV/SCE) 
Icorr 

 (µA/cm2) 
-bc  

(mV/dec) 
EI  

(%) 
Blank -567 114.0 123 - 
10-6 -442 43.7 128 61.7 
10-5 -442 16.0 130 86.0 
10-4 -464 7.1 133 93.8 

2.10-4 -464 2.3 127 98.0 
10-3 -516 1.4 125 98.8 

 
In this case, the inhibition efficiency is defined as follows: 

                                                               (7) 
 
Where Icorr and I’corr are current density in absence and presence of PB respectively. We noted that Icorr and I’corr were 
calculated from the intersection of cathodic and anodic Tafel lines. It is clear from Fig. 7 that, as the inhibitor is 
added to the corrosive medium both anodic dissolution of iron and cathodic hydrogen evolution reactions were 
retarded. The inhibitions of these reactions are more pronounced with the increasing inhibitor concentration while the 
corrosion potential values shifted the more negative values, which prove that the inhibitor affects the cathodic reaction 
more than the anodic reaction. These results indicate that PB acts as the mixed type corrosion inhibitor with predominant 
control of the cathodic reaction. The cathodic current–potential curves are giving rise to parallel lines. This indicates 
that the addition of PB to the 1 M HCl solution does not change the hydrogen evolution mechanism. The reduction 
of H+ ions at the C38 steel surface take place mainly through a charge transfer mechanism [87–89]. The inhibitor 
molecules are first adsorbed onto the C38 steel surface and, therefore, impedes by merely blocking the reaction sites 
of the steel surface. As revealed by the data presented in Table 2, it is evident that the corrosion current density (Icorr) of 
the C38 steel is much smaller when PB is added to the aggressive solution. Correspondingly, EI % values increase with 
increasing the inhibitor concentration reaching a maximum value 98.8% at 10-3M of inhibitor. The increased inhibition 
efficiency with the inhibitor concentration indicates that the tested organic compound acts by adsorbing on the C38 steel 
surface [90]. The inhibition effect of the inhibitor may be caused by the simple blocking effect, namely the reduction of 
reaction area on the corroding surface [91–93]. Further, the values of the cathodic Tafel slope (βc) in the presence of the 
inhibitor are not significantly changed with the inhibitor concentration. The inhibition efficiencies, calculated from 
impedance results, show the similar trend to those obtained from potentiodynamic polarization measurements. Also 
the inhibition ability of PB is confirmed by the impedance measurements. 
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3.3. Adsorption isotherm 
The type of the adsorption isotherm can provide additional information about the properties of the tested compound. 
In order to obtain the adsorption isotherm, the degree of surface coverage (θ) of the inhibitor must be calculated. The 
experimental results were fitted to a series of adsorption isotherms, and the best fit was obtained with the use of the 
Langmuir adsorption isotherm, a straight line is obtained upon plotting Cinh/ θ vs. Cinh, which is presented graphically in 
Fig. 8. 
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Fig. 8 Plot of Langmuir adsorption isotherm of PB on the steel surface at 298K 

 
The relationship between surface coverage ratio, θ, and inhibitor absorption in the corrosive media can be 
represented as: [94]: 

C
1

θ
+=

K

C
                                                           (8) 

 
Where C is the PB concentration, θ the fraction of the surface covered determined by E/100 from EI data, k the 
equilibrium constant for the adsorption–desorption process, which is related to the standard free energy of 
adsorption ∆Gads, according to Eq 9, R is the universal gas constant, T is the thermodynamic temperature and the 
value of 55.5 is the concentration of water in the solution in mol/L.  
 
∆Gads= -RT(ln55.5K)                                                        (9) 
 
The adsorption of organic molecules at the metal/solution interface consists of the replacement of water molecules by 
organic molecules according to following process [93]: 
 
 
 
 
Where Org (sol) and Org (ads) are organic molecules in the solution and adsorbed on the metal surface, respectively, and x 
is the number of water molecules replaced by the organic molecules. The inhibitory efficiencies of the organic 
molecules mainly depend on their adsorption ability on the metal surface. Therefore, the determination of relation 
between adsorption and corrosion inhibition is of great importance. The correlation coefficients (0.9999) and the 
slopes (1.0109) are close to 1 which confirms this assumption. Therefore, it is concluded that, a monolayer inhibitor 
film forms on C38 steel surface, and there are no interactions between the adsorbed inhibitor molecules [95- 98]. The 
K value of 5.4226.105 M-1 demonstrates that the PB compound highly adsorbs onto the surface of the C38 steel [98–
103]. 
 
In general, if ∆Gads values are around -20 kJ mol-1 or less negative is associated with an electrostatic interaction 
between charged inhibitor molecules and charged electrode surface, physisorption; those of -40 kJ mol-1 or more 
negative involve charge sharing or transfer from the inhibitor molecules to the metal surface to form coordinate type 
bond chemisorptions [104]. The calculated value of ∆Gads for studied inhibitor is -11.22 kJ mol-1; probably means 
that physical adsorption would take place. 
 
3.4. Effect of temperature 
Temperature has a great effect on the corrosion phenomenon. Generally In acidic media, dissolution of metal is 
generally accompanied with evolution of hydrogen gas and rise in temperature usually accelerates the corrosion 

Org (sol) + x H2O (ads)                                  Org (ads)  + x H2O(sol) 
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reactions, resulting in higher dissolution of metal. For this purpose, we made potentiostatic polarization in the range of 
temperature 298 to 328 K, in the absence and presence of PB at 2.10-4M. The corresponding data are shown in fig 9, 10 
and Table 3. 

 
Fig. 9 Polarisation curves of C38 steel in 1M HCl 
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Fig. 10 Polarisation curves of C38 steel in 1M HCl in the presence of 2.10-4 M of PB at different temperatures 

 
Table 3 Effect of temperature on the steel corrosion in the absence and presence of PB at2.10-4 M 

 
Inhibitor 

 
Temperature 

 
Ecorr 

(mV/SCE) 
Icorr 

(µA/cm2) 
-bc (mV/dec) 

EI 

(%) 

Blank 

298 -567 114 123 - 
308 -544 157 126 - 
318 -545 305 129 - 
328 -537 399 136 - 

 
PB 

 

298 -464 2.3 127 98.0 
308 -491 2.9 104 98.2 
318 -497 2 177 99.3 
328 -498 4.5 169 98.9 

 
As seen from Fig. 9 and 10 and Table 3, the corrosion current density increases with increasing temperature in 
uninhibited solutions. Slight changes in values of inhibition efficiencies are observed in the range of temperature 
studied. Thus the PB can be regarded as temperature-independent inhibitor. The nearly constant efficiency of the 
inhibitor in the temperature range studied can be considered as the slight change in the nature of the adsorption 
mode: physisorption of the inhibitor is dominant in the temperature range studied, while chemisorption accompanied 
by physisorption can occur slightly with increasing the temperature. 
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3.5. Kinetic parameters 
In order to obtain more details on the corrosion process, activation kinetic parameters such as activation energies in 
free and inhibited acid were calculated using Arrhenius equation: 
 

)
.

exp(
TR
aAcorrI

E−=
                                               (10) 

 
Where A is Arrhenius factor, Ea is the apparent activation corrosion energy, R is the perfect gas constant and T the 
absolute temperature.  
 
Plotting (log Icorr) versus 1/T gives straight lines as revealed from Fig.11. 
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Fig .11 Arrhenius plots of steel in 1 M HCl with and without 2.10-4 M of PB 

 
The activation energy values obtained are 14.13 and 35.90 kJ/mol for 2.10-4M of PB and free acid, respectively. 
Notably, the energy barrier of the corrosion reaction decreased in the presence of the inhibitor. The lower value of 
the activation energy of the corrosion process in the presence of inhibitor compared to that in its absence is 
attributed to the existence of chemical process in the adsorption of inhibitor on steel surface [105]. The decrease of 
Ea value can be interpreted as slow rate of inhibitor adsorption with a resultant closer approach to equilibrium during 
the experiments at high temperature [106]. Behpour et al. [107] explained 
 
the change of the activation energy from energetic heterogeneity of the surface as follows. Assuming that energetic 
surface is heterogeneous, active centers of the surface have different energy. Two possibilities may exist: in the first 
case, the inhibitor is adsorbed on the most active adsorption sites (having the lowest energy) and the corrosion 
process takes place predominantly on the active sites of higher energy, which results in the higher activation energy. 
In the second case, a smaller number of more active sites remain uncovered which take part in the corrosion process, 
resulting in the lower activation energy. However, Vracˇar and Drazˇic [108] argued that the criteria, adsorption type 
obtained from the change of activation energy, cannot be taken as decisive due to competitive adsorption with water 
whose removal from the surface requires also some activation energy. On the other words, the so-called 
chemisorption process may contain physical process simultaneously and vice versa. 
 
Kinetic parameters, such as enthalpy and entropy of corrosion process, may be evaluated from the effect of 
temperature. An alternative formulation of Arrhenius equation is (11) [109]: 
 

)*exp().*exp(.
RT
H

R
S

Nh
RT

corrI ∆−∆=                               (11) 

 
Where N is the Avogadro’s number, h the Plank’s constant, R is the perfect gas constant, ∆S* and ∆H*the entropy 
and enthalpy of activation, respectively. 



R. Salghi et al Der Pharma Chemica, 2016, 8 (2):22-35 
_____________________________________________________________________________ 

31 

Fig. 12 shows a plot of ln (W/T) against 1/T for PB. Straight lines are obtained with a slope of (-∆H*/R) and an 
intercept of (ln R/Nh + ∆S*/R) from which the values of ∆H*and ∆S* are calculated respectively (Table 4). 
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Fig.12 Relation between ln (Wcorr/T) and 1000/T in acid at different temperatures 

 
The value of free energy ∆G* is deduced from the formula (12): 

*** STHG ∆−∆=∆
                                                      

(12) 
 

Table 4 The values of activation parameters ∆H*, ∆S*and ∆G* for C38 in 1M HCl in the absence and the presence of 2.10-4 M of PB 
 

Inhibitor 
∆H* 

(kJ/mole) 
∆S* 

(J/mole-1.k-1) 
∆G* 

(kJ/mole à T=298K) 
Ea-∆H* 

Blank 33.32 -184.99 55.16 2.58 
PB 11.47 -197.72 70.39 2.66 

 
The values of Ea and ∆H*are close to each other as expected from the concept of transition state theory and vary in 
the same manner on the addition of inhibitor.  
*The positive sign of ∆H* has been attributed to the endothermic nature of the C38 steel dissolution process [110-
112].  
*The higher values of ∆S* for inhibited solutions can be attributed to the increase in solvent entropy [111, 113–
115]. However, C38 steel corrosion in the free acid was characterized by the more negative ∆S* value which implies 
that the activation complex in the rate determining step required association rather than dissociation [116]. 
*The ∆G* value for inhibited systems were more positive than that for the uninhibited systems revealing that in 
presence of inhibitor , the activated corrosion complex becomes less stable as compared to its absence. 
 
3.6. Molecular structure and quantum chemical calculation 
Quantum chemical calculations are utilized to ascertain whether there is a clear relationship between the molecular 
structure of the synthesized inhibitor and its inhibition effect. The structure parameters of the synthesized inhibitor 
are used to elucidate the inhibition mechanism in the present work. The optimized geometry and localization of the 
frontier molecular orbital on the PB structure are shown in Fig.13 and the quantum chemical parameters are listed in 
Table 5. 
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Fig. 13. Optimized geometry Frontier molecule orbital density distributions of the synthesized inhibitor 
 
Analysis of Fig.13 shows that the distribution of two energies HOMO and LUMO, we can see that the electron 
density of the HOMO and LUMO location was distributed almost of the entire molecule. As per the frontier 
molecular orbital theory of chemical reactivity, transition of electrons occurs on interaction between the frontier-
orbital that are HOMO and LUMO of the reacting species. The energy of HOMO characterizes the susceptibility of 
the molecule toward attack by electrophile and is related to the ionization potential. High value of EHOMO  

 

(-5.8807eV) probably indicates a tendency of the molecule (PB) to donate electrons to appropriate acceptor 
molecules with low energy and empty molecular orbital.whereas the energy of LUMO characterizes the 
susceptibility of the molecule toward attack by nucleophile and is related to the electron affinity. The electron 
accepting ability of the molecule (PB) increases with lower the values of ELUMO (-1.3872eV). Smaller the energy gap 
between LUMO and HOMO, higher is the efficiency of inhibitor. The values of ∆E in Table 5, suggesting the 
strongest ability of the synthesized inhibitor to form coordinate bonds with d-orbitals of metal through donating and 
accepting electrons, is in good agreement with the experimental results. Additionally, for the dipole moment (µ), 
higher value of µ will favor the enhancement of corrosion inhibition [117]. From Table 5, the value of µ is higher, 
which is also in agreement with the experimental results mentioned above. 
 

Table 5 Calculated quantum chemical parameters of the studied compound using (DFT) with 6-31-G (d, p) basis set 
 

Molecule EHOMO 

(eV) 
ELUMO 

(eV) 
∆E 

(eV) 
Μ 

(eV) 
TE 

(eV) 
Η 

(eV) 
σ  

(eV-1) 
Χ 

(eV) 
∆N IE (%) 

PB -5.8807 -1.3872 4.4935 4.8205 -17061 2.2468 0.4451 3.6339 0.749 93.7 

 
Another method to correlate inhibition efficiency with parameters of molecular structure is to calculate the fraction 
of electrons transferred from inhibitor to metal surface. According to Koopman’s theorem [118], EHOMO and ELUMO 
of the inhibitor molecule are related to the ionization potential (I) and the electron affinity (A), respectively. The 
ionization potential (I) and the electron affinity (A) are defined as follows: 
 
I = -EHOMO                                                              (13) 
 
A = -ELUMO                                                            (14) 
 
Then absolute electronegativity (χ) and global hardness (η) of the inhibitor molecule are approximated as follows 
[119]: 

2

I Aχ +=                                                                          (15) 

2

I Aη −=                                                                   (16) 

 
Thus the fraction of electrons transferred from the inhibitor to metallic surface, ∆N, is given by [120]: 

( )2
Fe inh

Fe inh

N
χ χ
η η

−∆ =
+

                                (17) 

 
To calculate the fraction of electrons transferred the theoretical values of of χFe (7 eV mol-1) and of ηFe (0 eV mol-1) 
are used [121]. The calculated results are presented in Table 5. Value of ∆N show inhibition effect resulted from 
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electrons donation. According to Lukovits’s study [122]. If ∆N < 3.6, the inhibition efficiency increases with 
increasing electron-donating ability at the metal surface. Based on these calculations, it is expected that the 
synthesized inhibitor is donor of electrons, and the steel surface is the acceptor. The Mullikan charge populations 
and the direction of dipole moment calculated for the three Schiff bases are projected to the molecular plane. The 
charge population and direction of the dipole moment can be understood by considering the electrostatic potential 
(middle and right panels of Fig. 14), which discerns electron density rich regions centered on nitrogen atoms in 
aromatic ring in molecular structure atoms and some of carbon atoms of aromatic rings. The regions of highest 
electron density are generally the sites to which electrophiles attacked [123]. So N and C atoms are the active center, 
respectively, which have the strongest ability of bonding to the metal surface. 
 

  

 

 
Fig.14 Electrostatic properties of (PB) side views of the dipole and the Mulliken charge populations are displayed on the left while the 

middle and right panels show the contour and isosurface representation of electrostatic potential respectively (the electron rich region is 
red and the electron poor region is blue) 

 
CONCLUSION 

 
From the above results and discussion, the following conclusions are drawn: 
* The results showed that inhibitor 2-(2-Pyridyl) benzimidazole (PB) have excellent inhibition efficiency for the 
corrosion of C38 steel in 1 M HCl.  
* The inhibition efficiency increases with concentration compound. 
* The potentiodynamic polarization curves indicated that 2-(2-Pyridyl) benzimidazole act as mixed type of inhibitor. 
* The 2-(2-Pyridyl) benzimidazole molecule follows Langmuir adsorption isotherm for the adsorption on metal 
surface in 1 M HCl solution. 
* The impedance results indicate that the value of polarization resistance increased and double layer capacitance 
decreased. This result can be attributed to the increase of thickness of electrical double layer. 
* Quantum chemical calculations showed a good correlation between quantum chemical parameters for the 
investigated compound and its inhibition efficiency for the corrosion process in agreement with experimental results. 
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