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Abstract 

The corrosion inhibition efficiency of a new benzimidazole derivative, namely, 1-decyl-
2-[(5-methylisoxazol-2-yl)methyl]benzimidazole (DIB) for carbon steel in 1 M 
hydrochloric acid (HCl) was studied by EIS and PDP electrochemical methods. The 
results indicate that DIB reduces carbon steel corrosion rate in the corrosive medium, 
and its inhibition efficiency increased with the concentrations. The polarization data 
indicate that DIB is of a mixed type. EIS study reveals that DIB is adsorbed onto the 
corroding metal surface, creating a barrier between the acid and carbon steel. The DIB 
molecules adsorption fitted into Langmuir adsorption isotherm. Furthermore, DIB 
electronic properties that correlate to its corrosion inhibitory such as EHOMO, ELUMO, 
energy gap (∆E), dipole moment (µ), electronegativity (), global hardness () and the 
fraction of electrons transferred from DIB molecule to the metallic atom (∆N), were 
calculated in PCM solvent at the B3LYP/6-311+G (d, p) level of theory. The theoretical 
results are in good agreement with the observed corrosion inhibition efficiency of the 
tilted compound. 
 
Keywords: benzimidazole; corrosion inhibition; electrochemical impedance 
spectroscopy; carbon steel; potentiodynamic polarization; DFT. 
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Introduction 

Corrosion is an undesirable phenomenon; it can originate severe damage to 
metals and alloy structures, causing economic significances in terms of products 
deterioration and replacement. Among metals, steel is most widely used in the 
industry; it suffers from a certain type of corrosion within some environments. 
Acidic solutions are widely used in industry. The most important areas of 
applications are acid pickling, industrial acid cleaning, acid descaling and oil-
well cleaning [1]. Corrosion inhibitors are needed to reduce the corrosion rates of 
metallic materials in these acidic media. Most acidic corrosion inhibitors are 
nitrogen, sulfur, or oxygen-containing organic compounds. Although nitrogen-
containing compounds function more effectively in hydrochloric acid, the 
stability of the inhibitor film formed over the metal surface depends on some 
physicochemical properties of the molecule, related to its functional groups, 
aromaticity, the possible steric effects, electronic density of donors, type of 
corrosive medium and nature of the interaction between the p-orbital of inhibitors 
with the d-orbital of iron [2-6]. Benzimidazole is a heterocyclic aromatic organic 
compound. This bicyclic compound consists of the fusion of benzene and 
imidazole. The most prominent benzimidazole compound in nature is N-ribosyl-
dimethylbenzimidazole, which serves as an axial ligand for cobalt in vitamin B12 

[7]. Benzimidazole is commercially available, but the usual synthesis involves 
condensation of o-phenylenediamine with formic acid [8]. Benzimidazole and its 
derivatives play a vital role in biological fields such as antimicrobial [9], antiviral 
[10], antidiabetic [11], antispasmodic[12], and anticancer activities [13]. 
In continuation of our work on the synthesizing new corrosion inhibitors [14-20], 
1-decyl-2-[(5-methylisoxazol-2-yl)methyl]benzimidazole (DIB) was prepared, 
and its inhibiting properties on carbon steel corrosion in a hydrochloric solution 
were investigated using electrochemical and DFT approaches. In addition, the 
temperature effect on the corrosion inhibition properties of the tilted compound is 
emphasized. 
 

Materials and methods 

Organic synthesis 

Synthesis of 1-decyl-2-[(5-methylisoxazol-2-yl)methyl]benzimidazole (DIB) 

A mixture of 1-decyl-4-(2-oxopropylidene)-1,2,4,5-tetrahydro-2H-1,5-
benzodiazepine-2-one 1 (10 mmol) and hydroxyl-amine hydrochloride (10 
mmol) in ethanol was refluxed for a period of 2 h. After neutralization with 
NaHCO3, the formed residue was recrystallized from hexane, to afford DIB as a 
black solid with a good yield (97%) and a melting point of 100-101 ºC (Scheme 
1).  
The compound was characterized by NMR spectroscopy. 1H-NMR (DMSO-d6): 
0.82 (s,3H,CH3), 1.57 (q,2H,CH2), 4.28 (t,2H;CH2-N), 6.14 (s,1H,CH), 7.17-7.55 
(4H,CHaromatique) (d ppm): 13C-NMR (DMSO-d6) (d ppm): 12.19(CH3), 
14.40(CH3), 22.54-39.90(CH2-aliph), 43.62 (C-N), 102.75(C=C), 110.68-
142.82(Caromatique), 160,35(C=N) and 169.90(C=C). 
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Scheme 1. Formation of DIB compound.  

 
The proposed mechanism of the transformation of 1-decyl-4-(2-oxopropylidene)-
1,2,4,5-tetrahydro-2H-1,5-benzodiazepine-2-one 1 into 1-decyl-2-[(5-
methylisoxazol-2-yl)methyl]benzimidazole (DIB) using hydroxylamine 
hydrochloride in ethanol is illustrated in Scheme 2.  
 

 
Scheme 2. Proposed mechanism for the formation of DIB.  

 
The initial step of this ring transformation corresponds to the attack of the amino 
group of hydroxylamine on the electrophilic carbon in position 4 of the seven 
membered ring. The formed [A] intermediate undergoes an intramolecular 
cyclization to generate the [B] spiro compound.  The latter compound, after an 
opening of the diazepine ring leads to [C] compound which, via an 
intramolecular cyclization, involving the amino and the carbonyl groups, gives, 
after losing a water molecule, the title 1-decyl-2-[(5-methylisoxazol-2-
yl)methyl]benzimidazole (DIB) compound. 
 
Electrochemical measurements 

Corrosion inhibition tests by electrochemical measurements in a 1 M HCl 
solution were performed using coupons prepared from carbon steel (VWR, 
Radnor, PA, U.S.A) having the composition: 0.370% of C, 0.230% of Si, 0.680% 
of Mn, 0.016% of S, 0.077 % of Cr, 0.011% of Ti, 0.059% of Ni, 0.009% of Co, 
0.160% of Cu and the remainder iron (Fe). For the electrochemical studies, 
specimens with an exposed area of 1 cm2 were used. The carbon steel specimens 
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were polished with increasing grades of emery papers (100, 220, 360, 400, 600 
and 1200 grit size), then degreased with acetone and washed with deionized 
water. Finally, the specimens were dried at room temperature. The aggressive 
solution was prepared by dilution of analytical grade HCl (37%) with distilled 
deionized water. The used acidic medium and acetone were obtained from VWR 
Chemicals (Leuven, Belgium). The concentrations of the studied inhibitors 
ranged from 10-3 to 10-6 M, and the volume of the test solution used for the 
electrochemical studies was 50 mL. The test solutions were recently prepared 
before each experiment by directly adding DIB inhibitor to the corrosive 
solution. 
A set of three-electrode cells containing carbon steel coupons of 1 cm² surface 
was incorporated in the specimen holder as the working electrode (WE), a large 
area platinum mesh was used as counter electrode (CE) and a saturated calomel 
electrode as reference electrode (RE). The electrochemical methods were carried 
out by the means of a Volta lab (Radiometer PGZ 100) potentiostat, and 
controlled by corrosion analysis software (Voltamaster 4). The corrosion 
behaviour of the CS specimens was studied in a 1 M HCl solution, using EIS and 
potential polarization curves in the solutions without and with inhibitor. The CS 
was immersed in the test solution for 30 min, to set up the Eocp balanced state. 
The EIS measurements were immediately performed under measured Eocp, start-
up frequency ranged from 100 kHz to 10 mHz, and an amplitude of 10 mV (peak 
to peak). In the entire experiment, the Nyquist diagrams were fitted using the 
EcLab program. To get the corrosion parameters, the cathodic and anodic 
polarization tests were also performed starting from Eocp, using a scan rate of 1 
mVs-1, after reaching a steady Eocp state. Experiments were performed in 
triplicate. 
 
DFT calculations details 

The starting geometry of 1-decyl-2-[(5-methylisoxazol-2-yl)methyl] 
benzimidazole (DIB) was optimized using the B3LYP hybrid functional, 
combined with a triple-Pople-type basis set 6-311+G (d,p) as implemented in 
Gaussian software [21]. The minima of the optimized ground states were 
confirmed by the absence of imaginary frequencies, i.e, all imaginary frequencies 
are positive. A set of electronic properties, including HOMO and LUMO orbital 
energies, ionization potential (IP), electronic affinity (EA), energy gap between 
the HOMO and LUMO, electronegativity (), chemical hardness/softness (/S), 
electrophilicity () and dipole moment (), were calculated for the tilted 
compound, in an attempt to rationalize their effect on the inhibition efficiency of 
the tilted compound. The selected descriptors were calculated using Koopman’s 
theorem (IP = -EHOMO and EA = -ELUMO). ,  and  were calculated using the 
following equations: 
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(3) 

                                                                                          (4) 

 

(5) 

 

 
 

In equations 2 and 3, N is the number of electrons,  the external potential, and E 
the electronic energy. The fraction of the transferred electrons (∆N) was 
calculated through the Pearson theory [22]: 

 

 
  
where  is the electronegativity,  is the hardness, Fe is iron atom and inh is the 
abbreviation for the inhibitor.  
The active sites for the synthesized DIB that bound to the carbon steel surface 
were determined by calculating the Mulliken atomic charges. The solvent-solute 
interactions were implicitly taken into account by using the polarizable 
continuum model (PCM). In this model, the inhibitor is embedded into a cavity 
surrounded by a solvent described by its dielectric constant, ε, (e.g., for water ε = 
78.3553) [23]. The HOMO and LUMO frontier molecular orbitals were 
visualized using Molden software. 

 

 
Figure 1. Potentiodynamic polarization curves for carbon steel at 303 K in a 1 M HCl 
solution in the absence and presence of DIB at various concentrations. 



J. Sebhaoui et al. / Port. Electrochim. Acta 38 (2020) 281-297 

 286

 

Results and discussion 

Potentiodynamic polarization measurements 

Both anodic and cathodic polarization curves of carbon steel in 1 M HCl for 
different concentrations of the prepared inhibitor are shown in Fig. 1.  
The addition of the inhibitor to a 1 M HCl solution was accompanied by an 
increase of the current density values near the corrosion potential, indicating that 
the inhibitor molecules retarded the corrosion process. 
In addition, the parallel cathodic Tafel curves show that the hydrogen evolution 
was activation controlled, and that the reduction mechanism was not affected by 
DIB presence. Various electrochemical parameters were calculated from the 
corresponding polarization curves (Table 1). 
 
Table 1. Kinetic parameters calculated from PDP measurements after 30 min of 
immersion in a 1 M HCl solution, without and with inhibitor at different concentrations, 
at 303 K. 

Inhibitor 
Concentration 

(M) 

Ecorr 

(mV/SCE) 

Icorr 

(µA cm-2) 

βa 

(mV dec-1) 

-βc 

(mV dec-1) 

ɳ 

(%) 

Blank 1 -452.1 858 113.7 131.2 - 

 
DIB 

10-6 464 103 81 77 87.99 
10-5 447 70 76.8 91 91.84 
10-4 458 34.16 88.3 105 96.01 
10-3 463 16.33 101 137 98.09 

 
The inhibition efficiency was evaluated from the measured Icorr values using the 
equation: 
 

 
where, I° and Ii are the corrosion current density, in the absence and presence of 
inhibitor, respectively. As presented in Table 1, the variation in the corrosion 
potential values between the absence of inhibitor and the last displacement in the 
presence of the inhibitor is lower than 85 mV/SCE. This result can confirm that 
the inhibitor acts as a mixed-type inhibitor [24-25]. Tafel slopes of βc and βa do 
not change upon the addition of DIB, which indicates that adding DIB does not 
change the reaction mechanism [26]. The compound is a mixed type inhibitor 
and its adsorption hinders the release of hydrogen gas on the metal surface, 
and/or reduces the metal dissolution rate into the aggressive solution by blocking 
the active sites on the steel surface, or even can mechanically screen the covered 
part of the electrode and, therefore, protects it from the action of the corrosion 
medium [27]. 
 
AC impedance study 

The effect of each acid additive on the performance of our compound as a 
corrosion inhibitor for carbon steel immersed in molar acid was investigated by 
an EIS experiment. The obtained data by EIS measurements are graphically 
represented by the Nyquist plot (Fig. 2) and the impedance parameters of each 
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solution, such that polarization resistance (Rp), double layer capacitance (Cdl), 
and inhibition efficiency (IE %)) are given in Table 2. These curves serve to 
understand the corrosion, by explicating the electrochemical behaviour of the 
carbon steel corrosion system. EIS is capable of elucidating various 
electrochemical processes of corrosion, such as charge-transfer and mass transfer 
controlled processes, interfacial layers, or resistance of the carbon steel 
electrolyte [28-30]. 
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Figure 2. Nyquist plots for carbon steel at 303 K in 1 M HCl, in various concentrations 
of the studied DIB inhibitor. 

 

Table 2. EIS measurements for carbon steel immersed in 1 M HCl for 30 min, in the 
absence and presence of different concentrations of the synthesized inhibitor. 

 
Conc. 

(M) 

Rs 

(Ω cm2) 

Rct 

(Ω cm2) 

10-4Q 

(Ω-1cm-2s-n) 

n Χ2 

Cdl 

(μF cm-2) 

ɳ 

(%) 

Blank 1M 0.57±0.18 20.14±0.49 2.40±0.14 0.86±0.57 0.114 112.04 - 
   

IB 

10-6 0,66±0.12 103±0.21 1.62±0.05 0.83±0.53 0.006 70.05 80.45 

10-5 0.85±0.29 223±8.65 1.12±0.03 0.77±0.51 0.036 38.70 90.97 

10-4 1.15±0.31 503±8.64 0.68±0.02 0.79±0.50 0.021 28.08 95.99 

10-3 0.94±0.50 780±19.35 0.52±0.02 0.77±0.51 0.024 19.96 97.42 

 
It appears from Fig. 2 that the plots were composed of one capacitive loop of 
which diameter was significantly changed after the inhibitor addition, and the 
larger diameter was observed at 10-3 M of DIB. Furthermore, these impedance 
diagrams are not perfect semicircles; this difference has been attributed to 
frequency dispersion and inhomogeneities of the surface [31-33].The equivalent 
circuit model employed for these systems is presented in Fig. 3. 
In the equivalent circuit, Rs is the solution resistance, Rct is the charge transfer 
resistance and CPE is a constant phase element. An excellent fit with this model 
was obtained from all experimental data. 
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Figure 3. EIS Nyquist (a) and Bode (b) diagrams for C-steel in a 1.0 M HCl solution 
with 10−3 M of DIB and (c) equivalent circuit used to fit the impedance spectra. 
 
The impedance of the constant phase element (CPE) is given by [34-35]: 
 

 
where Y0 is the magnitude of the CPE, w is the angular frequency and n is a 
physical parameter which gives the interphase properties of the working 
electrode. The double layer capacitance can be calculated by using the following 
equation [35-36]: 

 
 
where Q is the CPE constant (in Ω-1cm-2s-n), n is the CPE-power (0<n<1) and Rct 

is the charge-transfer resistance (Ωcm2).  
From the data of Table 2, it is found that DIB concentrations increase is 
proportional to Rct values, but the Cdl values tend to decrease. This decrease in 
the Cdl values is due to the adsorption of the inhibitor molecules replacing water 
at the metal-solution interface, and can be caused by a decrease in the local 
dielectric constant and/or by the increase in the thickness of the double layer [37-
39]. These results show that the inhibitor molecules act by adsorption at the 
metal-solution interface. 
The inhibition efficiency can be calculated by Rct, using the following formula: 
 

 
where R°

ct and Ri
ct are the charge transfer resistance, in the absence and presence 

of the inhibitor, respectively. 
 
Adsorption isotherm 

Generally, the adsorption of an inhibitor occurs by two means: physisorption 
and/or chemisorption. The first one involves a weak undirected interaction, due 
to electrostatic attraction between inhibiting organic ions or dipoles and the 
electrically charged surface of the metal. The latter one occurs by sharing or 
charge transfer from the adsorbate to the atoms of the metal surface, in order to 
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form a coordinated bond, and it is called chemical adsorption or chemisorption. 
In general, an adsorption isotherm is an invaluable curve describing the 
phenomenon governing the retention or release of substances from the aqueous 
porous media to a solid phase at a constant temperature [40]. The adsorption 
equilibrium (the ratio between the adsorbed amount with that remaining in the 
solution) is established when an adsorbate containing phase is in contact with the 
adsorbent for sufficient time. From this point of view, the current model has 
excellence in that it has only a fitting parameter that quantifies the concentration 
dependence of adsorption. In our study, several adsorption isotherms (Langmuir, 
Temkin, Frumkin, etc.) were attempted, and the Langmuir adsorption isotherm 
was found to fit well with the experimental data obtained for DIB. The Langmuir 
isotherm is given by the following equation [41]: 
 

 
where Kads is related to the standard Gibbs free energy of adsorption, C is the 
inhibitor concentration and θ is the degree of surface coverage of DIB at the 
metallic surface. The values of surface coverage obtained at different 
concentrations of DIB from PDP experiments were used to obtain the Langmuir 
adsorption isotherm plots (Fig. 4) that enabled the calculation of  Kads values.  
Kads is related to the standard free energy of adsorption (ΔG0

ads) by the following 
equation [39]: 
 

 
where R is the universal gas constant, T is the absolute temperature and the value 
of 55.5 is the molar concentration of water in the solution. From Fig 4, it can be 
seen a very good fit with the regression coefficient up to 0.99, and the obtained 
line had a slope very close to unity, which suggests that the experimental data are 
well described by Langmuir isotherm, and exhibit single-layer adsorption 
characteristics. This kind of isotherm involves the assumption of no interaction 
between the adsorbed species on the electrode surface. The calculated values of 
Kads and ΔG0

ads are indicated in Table 3. High values of Kads suggest that the 
adsorption of DIB onto the carbon steel surface is easy and strong [33,42]. 
 

 
Figure 4. Langmuir adsorption isotherm plot for carbon steel in a 1 M HCl solution, at 
different concentrations of the studied inhibitors. 
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Figure 5. Effect of temperature on the behavior of carbon steel/1 M HCl interface in (a) 
an uninhibited solution, and (b) at 10-3M of DIB. 
 

Table 3. Values of Kads and ΔG°
ads for carbon steel with DIB in 1 M HCl, at 303 K. 

Inhibitor Slope 
Kads 

(M-1) 

-ΔG°
ads  

(KJ.mol-1) 
R2 

DIP 1.03 795950 44.35 0.99998 

 
 
Effect of temperature 

To ensure the effectiveness of DIB under various conditions, tests were 
performed in a 1.0 M HCl solution, at different temperatures in the range from 
303 to 333 K (Fig. 5). 
 
Table 4. Temperature influence on the PDP parameters for carbon steel in 1 M HCl, 
with and without HCl (1 M)+10-3 M of DIB at the temperature range from 303 K to 333 
K. 

Inhibitor 
T 

(K) 

Ecorr 

(mV/SCE) 

Icorr 

(mA cm-2) 
ɳ(%) θ 

 
Blank 

303 -452 507 - - 
313 -454 860 - - 
323 -443 1840 - - 
333 -450 2800 - - 

      

 
DIB 

303 -463 16.33 98.09 0.98 
313 -457 35 95.93 0.95 
323 -459 114 93.80 0.93 
333 -467 327 88.32 0.88 

 
Values of Icorr obtained in the presence and absence of DIB are increased with 
higher temperatures, and are much higher in the aggressive solution, which 
means the corrosion inhibition process by DIB. The activation energy (Ea) was 
calculated using Arrhenius equation [24]: 
 

 
where Ea is the apparent activation corrosion energy, R is the universal gas 
constant and A is the Arrhenius pre-exponential constant.  
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The Arrhenius plots of the logarithm of the current density versus 1/T for carbon 
steel in 1 M HCl, in the presence and absence of 10-3 M of DIB are shown in Fig. 
6.  
Straight lines are obtained with a slope of (Ea/R). The corresponding activation 
parameters obtained from this graph are given in Table 5. The value of Ea found 
for DIB is lower than that obtained for the aggressive solution. The decrease in 
the apparent activation energy may be interpreted as the chemical adsorption of 
the inhibitor onto the steel surface [29,43]. 
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Figure 6. Arrhenius plots for carbon steel in 1 M HCl, in the absence and presence of    
10-3 M of DIB. 
 
Table 5. Corrosion kinetic parameters for carbon steel in 1 M HCl, in the absence and 
presence of 10-3 M of DIB. 

Inhibitor Ea 

(kJ mol-1) 

Ha 

(kJ mol-1) 

Sa 

(J mol-1K-1) 

Blank 43.189 33.25 -80.51 
DIB 85.12 82.48 49.33 

 
The transition state equation was used to calculate the enthalpy (∆Ha) and 
entropy of activation (∆Sa) for the metal dissolution and inhibition process. The 
transition state equation  

 

 
where R is the universal gas constant, h is Planck’s constant, N is Avogadro’s 
number, ΔSa is the entropy of activation and ΔHa is the enthalpy of activation. 
Fig. 7 shows a graph of ln (Icorr/T) against 1000/T. Straight lines are obtained 
with a slope (-ΔHa/R) and an interception (LnR/Nh + ΔSa/R), from which the 
values of ΔHa and ΔSa are calculated and are summarized in Table 5.  
Inspection of these data suggests that ΔHa values for the dissolution reaction of 
carbon steel in a 1 M HCl solution in the presence of DIB are higher (82.48 kJ 
mol-1) than in the absence of the inhibitors (33.25 kJ mol-1). Positive signs values 
of ΔHa reflect the endothermic nature of carbon steel dissolution process, 
suggesting that the dissolution of carbon steel is slow [27,30]. 
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For the entropy of activation (ΔSa), Table 5 shows that ΔSa value is increased in 
the presence of DIB. This observation reveals that an increase in disordering 
takes place on going from reactants to the activated complex [37,41]. 
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Figure 7. Transition-state plots for carbon steel in a 1 M HCl solution, in the absence 
and presence of 10-3 M of DIB. 
 
DFT results 

To rationalize the observed corrosion inhibition of the synthesized compound 
DIB, a certain number of its electronic properties in neutral and protonated forms 
is calculated at the B3LYP level of theory (Table 6). The optimized structure of 
the tilted compound, in its neutral and protonated forms, is shown in Fig. 8. 
 
Table 6. Electronic properties (eV) of neutral and protonated forms of DIB calculated at 
the B3LYP/6-311+G (d, p) level of theory. 

Electronic parameters 
DIB 

Neutral  Protonated 
IP 6.44 7.41 
EA 0.94 1.94 
Gap 5.50 5.47 
 3.69 4.68 
 2.75 2.74 
S 0.18 0.18 
 2.48 4.00 
Fe 7.00 7.00 
Fe 0.00 0.00 
∆N 0.60 0.42 
DM 8.51 16.81 

 
As it can be remarked from Fig. 9, in the neutral form, HOMO and LUMO 

orbital of the synthesized inhibitor are mainly delocalized over benzimidazole 
moiety, while there is no delocalization in the decyl and methylisoxazol-2-
ylmethyl substituted group. Hence, one can conclude that the efficiency 
inhibition of the tilted compound is due to the benzimidazole moiety. Thus, the 
current synthesized inhibitor may have donor/acceptor electrons of atom sites in 
triazol and triazepin-8-one moieties to/from the d-orbitals of iron. In the 
protonation form, there is a major change in the delocalization of the HOMO 
distribution. In one hand, the HOMO region is located on 1-decyl-2-[(5-
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methylisoxazol-2-yl)methyl] moiety (Fig. 9). On the other hand, the LUMO 
region is slightly changed compared to the neutral form (Fig. 9). 

 

 
Figure 8. Optimized structure of the tilted compound (left) and its protonated form 
(right) obtained at the B3LYP/6-31+G(d, p) level of theory of 1-decyl-2-[(5-
methylisoxazol-2-yl)methyl]benzimidazole. 
 
The frontier HOMO and LUMO orbitals of the synthesized inhibitor and its 
protonated form are shown in Fig. 9.  

 
Figure 9. HOMO and LUMO frontier molecular orbitals of the synthesized inhibitor 
and its protonated form (Isovalue of 0.04). 
 
Therefore, to determine the active site in benzimidazole moiety, Mulliken atomic 
charges were calculated at the B3LYP level of theory. The results in Table 7 
reveal that some of the atomic centres charged negatively, while others charged 
positively. For instance, the benzene ring in benzimidazole plays the role of the 
nucleophile or electron donator (with atomic negative charges), while the 
nitrogen atom of imidazole cycle plays the role of an electron acceptor, with a 
positive charge of 0.45 C. The number of transferred electrons from the inhibitor 
to the metal surface (∆N) is of 0.6, and 0.42 for the protonated form. This 
suggests that the neutral and protonated forms have a tendency to donate 
electrons to the metal surface. It is reported that  the inhibition efficiency 
increased with electron-donating ability to the metal surface (∆N) [45,46]. As 
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expected, it is worth to mention that upon protonation, there is a large increase in 
the dipole moment of the inhibitor (Table 6). 
 

Table 7. Calculated Mulliken atomic charges of the tilted compound. 

Atomic center Mulliken atomic charges 

C1 -0.44543 
C2 -0.34761 
C3 -0.31363 
C4 -0.13507 
C5 0.41576 
C6 0.11282 
N7 -0.04454 
C8 -0.43164 
N9 0.44907 

 
Conclusion 

In the present report, the synthesized DIB inhibitor shows good inhibition 
properties for the corrosion of carbon steel in 1 M HCl. The inhibition efficiency, 
η, increases with increasing concentrations of the inhibitor, reaching its 
maximum value at 10–3 M of concentration. The corrosion process is inhibited by 
the adsorption of DIB onto the steel surface, and the adsorption of this inhibitor 
fits a Langmuir isotherm model at 303 K. The calculated values of ΔGads

o reveal 
that the adsorption mechanism of DIB onto the carbon steel surface in a 1 M HCl 
solution is mainly physisorption and chemisorption. Based on the Tafel 
polarization results, DIB can be classified as a mixed type inhibitor. The 
efficiency of this inhibitor is found to decrease proportionally with increasing 
temperatures (303–333 K). The double layer capacitance obtained from EIS 
measurements decreases with the augmentation of the inhibitor concentration, 
confirming an adsorption process of DIB onto the carbon steel surface. DFT 
calculations show that the corrosion inhibition efficiency of the tilted and its 
adsorption on the metal surface is mainly referred to the presence of 
benzimidazole moiety.  
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