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Abstract
The corrosion inhibition effect of 1-octyl-2-(octylthio)-1H-benzimidazole (T3) on mild
steel in a 1 M hydrochloric acid solution was studied using weight loss measurement,
potentiodynamic polarization and electrochemical impedance spectroscopy (EIS)
techniques, at 308 K. This compound has exhibited a corrosion inhibition efficiency of
93% at 10-3 M concentration. The adsorption of this molecule onto the mild steel
surface obeyed Langmuir adsorption isotherm. Potentiodynamic polarization
measurements indicated that the studied compound acted as a mixed type corrosion
inhibitor. EIS results showed that an increased inhibitor concentration led to an increase
in the polarization resistance and decrease in the double layer capacitance.
Keywords: mild steel; corrosion inhibition; benzimidazole; electrochemical impedance
spectroscopy and potentiodynamic polarization.

Introduction
Corrosion inhibitor is a chemical substance which significantly reduces the rate
of metallic corrosion in a corrosive environment. Corrosion inhibitors are widely
used in various fields, such as oil mining and processing, acid pickling, industrial
water recycling systems, and so on [1-3], due to their low cost and ease of
application. Most of the corrosion inhibitors are organic compounds containing
heteroatoms, such as oxygen, nitrogen, sulfur, phosphorus, unsaturated bonds, or
plain conjugated systems [3-8], which can slow down metals corrosion by
adsorbing onto the metal surface, forming a protective barrier between it and the
corrosive medium.
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Benzimidazole is nitrogen containing heterocyclic aromatic organic compounds.
Benzimidazole and its derivatives can adsorb onto the metallic surface, due to the
presence of nitrogen atoms and aromatic rings in the molecular structure. The
relationship between the structure of benzimidazole derivatives and their
corrosion inhibition performance was also investigated [8-13]. Encouraging
results obtained by 1-tetradecyl-2-(tetradecylthio)-1H-benzimidazole (T1) [13]
with an aliphatic carbon chain (14C) incited us to prepare another analogue
having an 8 carbon alkyl chain, i.e., 1-octyl-2-(octylthio)-1H-benzimidazole
(T3), and to test it as a corrosion inhibitor for carbon steel in a 1 M HCl solution.
The present compound (T3) had not yet been tested as a corrosion inhibitor on
carbon steel in HCl. It was selected because it can readily adsorb onto the steel
surface, due to a positively charged nitrogen atom; also, the long hydrocarbon
chain is likely to form a hydrophobic network which can further reduce the
interaction between the metal and the corrosive environment. T3 corrosion
inhibition behavior was studied using potentiodynamic polarization,
electrochemical impedance spectroscopy and surface analysis techniques. In
addition, Monte Carlo simulation was carried out to theoretically estimate the
structural aspects of T3 that are significant for corrosion inhibition behavior.

Experimental details
Inhibitor synthesis
To a solution of 2 g (133 × 10-4 mol) of 2-mercaptobenzimidazole and 80 mL of
N,N-dimethylformamide was added 3.67 g (266 × 10-4 mol) of potassium
carbonate, 13.3 × 10-4 mol of tetra-n-butylammonium bromide and 7.71 g (399 ×
10-4 mol) of 1-bromooctane. The reaction mixture was stirred at room
temperature for 24 hours. After filtration, the solvent was removed under reduced
pressure. The residue was taken up in dichloromethane, filtered, and the solvent
was evaporated under reduced pressure (Scheme 1).

Scheme 1. Synthesis of 1-octyl-2-(octylthio)-1H-benzimidazole (T3).

The structure of the compound was characterized by 1H NMR, 13C NMR and
mass spectrometry (Fig. 1).
Thus, the 1H NMR spectrum recorded in CDCl3 showed a multiplet between 7.18
ppm and 7.73 ppm for the aromatic protons, a triplet at 4.06 ppm for NCH2, a
triplet at 3.44 ppm for SCH2, a multiplet between 1.25 ppm and 1.81 ppm
corresponding to the protons carried by the methylene groups of the hydrocarbon
chain, and a triplet at 0.86 ppm for CH3. On the other hand, the 13C NMR
spectrum recorded in CDCl3 showed a signal at 152.07 ppm for the carbon
bonded to the sulfur atom, signals between 31.8 ppm and 22.61 ppm
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corresponding to the carbon of the methylene groups, and signals at 14.1 ppm for
CH3. The mass spectrum shows a molecular ion peak [MH] ·+ at m / z = 375.
Yield: = 88%, 1H NMR (CDCl3) (δ ppm): 0.86: (t, 6H, –CH3); 1.25-1.81: (m,
24H, –CH2); 3.44: (t, 2H, SCH2); 4.06: (t, 2H, NCH2); 7.18-7.73: (m, 4H,
CHbenzene). 13C NMR (CDCl3) (δ ppm): 14.1: (CH3); 22.61-31.80: (–CH2); 32.82
(SCH2); 44.28: (NCH2); 108.821-142.38: (CH, phenyl); 152.07: (C=N).

Figure 1. (a)
benzimidazole

1

H NMR and mass spectrum (b) of 1-octyl-2-(octylthio)-1H-

Materials preparation
Mild steel coupons used for electrochemical measurements had a composition of
0.076% C, 0.192% Mn, 0.050% Cr, 0.026% Si, 0.012% P, 0.135% Cu, 0.023%
Al, 0.05% Ni and balance Fe. The coupons were mechanically polished using
emery paper of grades no. 600, 800, 1000 and 1200, thoroughly washed with
deionized water, and finally degreased with acetone.
Electrochemical measurements
Potentiodynamic polarization measurements
Potentiodynamic polarization measurements were carried out in a three
electrodes cell using PGZ 301 Electrochemical Analysis System. A saturated
calomel electrode (SCE) was used as reference electrode, and a Pt electrode as
counter electrode. The working electrode was prepared from a cylinder of steel,
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and the exposed surface area was 1 cm2. The cell was equipped so that the
temperature during each experiment was kept constant and measurable.
The polarization curves were potentiodynamically obtained in the potential range
between -0.800 V and -0.200 V at open circuit potential (OCP), with a scan rate
of 1 mVs1. The working electrode was immersed in the test solution for 30 min
prior to each experiment, which proved sufficient for OCP to attain a reliable
stable value. The inhibition efficiencies (IE%) were calculated using the
following relation:
IE% =

icorr − icorr inh
× 100
icorr

(1)

where icorr and icorrinh are the corrosion current densities without and with T3,
respectively, determined by the extrapolation of anodic and cathodic Tafel curves
to the respective corrosion potentials.
Electrochemical Impedance Spectroscopy
The impedance spectra were obtained in the frequency range of 100 kHz to 10
mHz, with 10 points per decade at the OCP, after a stabilization period. A 10 mV
sine wave ac voltage was used to perturb the system. The double layer
capacitance (Cdi) and polarization resistance (Rp) were calculated from Nyquist
plots, as described elsewhere [13]. Since Rp is inversely proportional to the
corrosion current, it was used to calculate the inhibition efficiency (IE%) from
the following relation:
IE % =

Rp inh − R p
R p inh

×100

(2)

where Rp and Rpinh are the polarization resistance values, without and with the
inhibitor, respectively. The EIS results are analyzed using ZView software, and
fitted using the appropriate equivalent circuit.
Surface morphology
The mild steel surface morphology after the polarization test in acidic solutions,
in the absence and presence of optimum inhibitor concentrations, was examined
by FEI QUANTA 200 scanning electron microscope (SEM).
Molecular dynamic simulations
The Monte Carlo simulation was implemented to determine the
adsorbate/substrate system interaction. Metropolis Monte Carlo simulations
methodology, [14] using DMol3 codes [15-16] and an adsorption locator module
[17-18] implemented in the Accelrys Materials Studio version 8.0 [19], was used
to build the system (inhibitor molecule/solvent/iron). The DMol3 geometry
optimization of the inhibitor molecule in the neutral form, before putting it on the
clean iron surface in an aqueous phase, was performed using B3LYP functional
with DNP+ used as the basis sets for all atoms. Herein, the interaction between
the Fe (111) crystal surface and the single inhibitor molecules (S1 & S2) was
134
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executed in a simulation box of 35.179 Å × 35.375Å × 40.266 Å, with periodic
boundary conditions. The crystal surface (111) was chosen for this simulation,
because it is among the most stable and low energy surfaces, as reported in the
literature [20]. The simulation systems were carried with a slab of 5.0 Å
thickness, a super cell of 6 × 6, and a vacuum of 30 Å along the Z-axis, with
periodic boundary conditions, in order to simulate the representative part of an
interface devoid of any arbitrary boundary effects. The behavior of the studied
inhibitor molecules on Fe (111) was then simulated by COMPASS force field
[21-22], which is an ab-initio force field that enables accurate predictions of gasphase (structural, conformational, etc.) and condensed-phase properties (state
equation, cohesive energies, interaction energies, etc.) for a broad range of
organic molecules; the metal was used for geometrical optimization of all
systems [21]. The liquid phase comprising one hundred water molecules was
added to simulate the solvent effect, since the corrosion takes place in an acidic
solution.

Results and discussion
Potentiodynamic polarization
Electrochemical parameters such as corrosion current density (Icorr), corrosion
potential (Ecorr vs. SCE), cathodic and anodic Tafel slopes (βc and βa) and
inhibition efficiency (IE%), calculated from Fig. 2, are given in Table 1. From
Fig. 2, it can be observed that both cathodic and anodic current densities decrease
in T3 presence, in the acidic solution. This result indicates the adsorption of the
inhibitor molecules onto the active sites of the mild steel surface [23], and
suggests that the inhibitor has influence on the anodic metal dissolution reaction,
as well as on the cathodic reaction of hydrogen evolution [24]. It can also be
observed that a successive increase in the inhibitor concentration resulted in a
more pronounced inhibition behavior. The inhibition behavior could be attributed
to the nitrogen atoms of the imidazole ring and the sulphur atom present in the
alkyl chain of the inhibitor molecule.

Figure 2. Polarization curves for mild steel in 1 M HCl containing different T3
concentrations.
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In the inhibitors presence, both anodic and cathodic Tafel slopes remained almost
unchanged (Fig. 2), indicating that the inhibitors acted by merely blocking the
reaction sites of the metal surface, without changing the anodic and cathodic
reaction mechanisms [25]. Furthermore, even in the inhibitor presence, it was
observed that the corrosion rate increased at more positive potentials to ~ -0.250
V, and that the mechanism of anodic dissolution reaction changed. This
behaviour may arise from a significant iron dissolution, leading to the inhibitor
film desorption from the metal surface; the potential value can be defined as the
“desorption potential” [23-24].
Table 1. Polarization parameters and corresponding inhibition efficiency for the
corrosion of mild steel in 1 M HCl containing different concentrations of T3 at 308 K.
Concentration
mol/L

Ecorr
(mV/SCE)

Icorr
(µA cm-2)

1M HCl

-464

2102

220

98

-

10-6
10-5
10-4
10-3

-471
-444
-480
-466

532
228
201
157

148
175
173
196

105
94
92
88

74.7
89.1
90.4
92.3

–βc
(mV dec-1)

βα
(mV dec-1)

IE
(%)

The inhibitor presence resulted in a slight shift of the corrosion potential towards
the active direction, in comparison to the result obtained in the inhibitor absence.
However, no significant shift of potential was observed in either anodic or
cathodic direction, with respect to Ecorr. This suggests that the investigated
inhibitor exhibits a mixed-type behavior. The highest inhibition efficiency
reached a maximum value of 92.3% at optimum T3 concentration (10-3 M). The
efficiency was widely increased in T3 (92.3%) at 8 carbon chain, compared to T1
having 14 carbon chain (78%) [13]. The carbon chain influence is largely
discussed in literature [8, 26-28].
Electrochemical impedance measurements
The electrochemical impedance spectroscopy (EIS) is a non-destructive
technique that allows the evaluation of organic-coated metal surfaces in a rapid
and convenient manner. Therefore, it is used to investigate the protective
properties of organic corrosion inhibitors [28]. The obtained impedance spectra
for mild steel in 1 M HCl, in the absence and presence of various T3
concentrations, were similar in shape, and are given in Fig. 3.
All semicircles correspond to a capacitive loop. The semicircles size depends on
the additives concentration. The capacitive loop diameter increases with higher
T3 concentrations. The occurrence of single, slightly depressed semicircle loops
indicates a single time constant. This shows that the electrochemical process is
charge transfer controlled, and that the electrode/electrolyte interface has a nonideal capacitive behavior [29-30].
The Nyquist plots represented in Fig. 3 were analyzed by best fitting to the
equivalent circuit model shown in Fig. 4, and the symbols values of this circuit
are listed in Table 2. These parameters can be defined according to the following
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convention: Rs is the solution resistance, Rp is the polarization resistance which
contains the charge transfer resistance (Rct) and the film resistance (Rf), and Q is
the constant phase element (CPE) [31].

Figure 3. Nyquist diagrams for mild steel in 1 M HCl containing different T3
concentrations.

Figure 4. Fitted Nyquist plots; the inset shows the electrical equivalent circuit used for
modeling the metal/solution interface in the inhibitor absence and presence.

Conventionally, in a Nyquist plot, the difference between the Zreal values at the
highest and lowest frequencies is termed as the charge transfer resistance (Rct).
However, in the case of a metal surface immersed in a corrosive medium in the
inhibitor presence, the contribution of the film resistance (Rf), diffuse layer
resistance (Rd) and of the resistance due to other adsorbed species (Ra) cannot be
neglected. Hence, in this case, we have used the term Rp, i.e., polarization
resistance, to model the overall resistance contribution. The same equivalent
circuit was proposed in the literature for carbon steel acidic corrosion in
quinoxaline presence [32]. The use of CPE-type impedance has been extensively
stated by previous reports [33-34]. CPE impedance is described as [35]:
Z CPE = A−1 ( jω ) − n

(3)
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where A is the CPE constant (in Ω-1Sn cm-2), E is the sine wave modulation
angular frequency (rad-1), i2 = -1 is the imaginary number, and α is an empirical
exponent (0 ≤ n ≤ 1), which measures the deviation from ideal capacitive
behavior [36]. The impedance parameters obtained by fitting the EIS data to the
equivalent circuit are listed in Table 2. The inhibition efficiencies at different
inhibitor concentrations were calculated using equation 2.
Table 2. Impedance parameters for mild steel corrosion in 1 M HCl, in the absence and
presence of different T3 concentrations.

1 M HCl

T3

Conc
(M)

Rs
(Ω cm2)

Rp
(Ω cm2)

00
10-6
10-5
10-4
10-3

1.28 + 0.01
1.27 + 0.02
1.36 + 0.02
1.73 + 0.03
2.18 + 0.02

23.26 + 0.15
41.38 + 0.61
66. 9 + 0.51
162.8 + 0.53
230.9 + 0.5

10-4Q
(Ω cm-2s-n)

n

Cdl
(µF cm-2)

IE
(%)

0.80 + 0.003
0.66 + 0.05
0.71 + 0.05
0.74 + 0.05
0.74 + 0.05

149.37
130.17
100.71
77.10
68.62

43.2
7
65.3
6
86.2
9
90.1
7

-1

3.49 + 0.07
0.1 + 0.01
0.07 + 0.05
0.05 + 0.07
0.02 + 0.04

From Table 2, it can be observed that an increase in the inhibitors concentration
causes an increase in Rp values, and a concomitant decrease in Cdl. This results
from the increase in the surface coverage by the inhibitor, leading to an increase
in IE %. The inhibitor protective layer thickness (δorg) can be related to Cdl as
follows:

ε 0ε r
(4)
δ org
where ε0 is the vacuum dielectric constant and εr is the relative dielectric
constant. The decrease in Cdl values might result from the local dielectric
constant lowering, or from an increase in the electrical double layer thickness,
suggesting that the inhibitor molecules function by adsorbing at the
metal/solution interface [36]. Thus, the observed decrease in Cdl values is caused
by a gradual replacement of the water molecules by the inhibitor molecules
adsorption onto the metal surface, which decreases the metal dissolution.
Cdl =

The potential of zero charge
In order to elucidate the adsorption mechanism, the surface charge on the mild
steel surface is one of the governing factors. The surface charge of a metal can be
determined by comparing the open circuit potential with the potential of zero
charge (PZC). EIS measurements were used to evaluate the mild steel surface
PZC in 1 M HCl, in the presence of 10-3 M of T3. A plot of Cdl values at each
applied potential is shown in Fig. 5, forming a parabola with a minimum at -484
mV/SCE, which can be called the mild steel surface’s PZC. In HCl, T3 exists as
a moiety of benzimidazole cationic forms and chloride ions [37].
The mild steel OCP in the same conditions is -466 mV. The difference between
OCP and PZC, which is Antropov’s rational corrosion potential (Φ) = EOCP EPZC, is 18 mV, which means that the metal surface is positively charged at the
open circuit potential, in the present case.
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The metal surface is positively charged with respect to PZC, but it becomes
negatively charged, because the chloride ions will get adsorbed onto the metal
surface. Now, the adsorbed Cl- ions will attract benzimidazole cationic forms and
protonated water molecules. Moreover, the excess positive charge on the
electrode surface increases as more inhibitor molecules are adsorbed onto it [29].

Figure 5. Plot of Cdl vs. applied electrode potential (E, mV/SCE) in 1 M HCl containing
10-3 M T3.

The displacement of water molecules from the metallic surface was largely
discussed in several ways by Bockris et al. [38], according to the following
reaction:
T 3sol

+

xH 2Oads

→ T 3ads

+

xH 2Osol

(5)

where x is the size ratio, that is, the number of water molecules replaced by one
inhibitor molecule.
Adsorption isotherm
Basic information on the interaction between the inhibitor and the mild steel
surface can be provided by the adsorption isotherm. In order to obtain the
isotherm, a linear relation between the degree of surface coverage (θ) and the
inhibitor concentration (C) must be found. Attempts were made to fit the θ values
to various isotherms, including Langmuir, Temkin, Frumkin, etc. By far, the best
fit was obtained with the Langmuir isotherm. The Langmuir isotherm is based on
the assumption that all adsorption sites are equivalent, and that the particle
binding occurs independently from nearby sites, whether occupied or not.
According to this isotherm, θ is related to C by:
C

θ

=

1
+C
K ads

(6)

where Kads is the adsorption constant, C is the inhibitor concentration, and the
surface coverage values (θ) are obtained from the EIS measurements for various
concentrations. Fig. 6 shows the plots of C/θ against the inhibitor concentration
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(C) at 308 K, and the expected linear relationship was obtained for this
compound, with an excellent correlation coefficient (R2=0.99993), confirming
the validity of this approach. The slope of the straight line is unity, suggesting
that the adsorbed inhibitor molecules formed a monolayer on the carbon steel
surface, and that there was no interaction among the adsorbed inhibitor
molecules. The obtained value of Kads is 133226.8 M-1, and it facilitates the
determination of the standard free energy of adsorption (∆Gºads) by this equation:
o
∆Gads
= − RTln(55.5 K ads )

(7)

where R is the gas constant, T is the absolute temperature of the experiment, and
the constant value of 55.5 is the water concentration in a solution, in mol L-1.

Figure 6. Langmuir isotherm of T3 on C-steel in HCl media.

The negative value (-40.5 kJ/mol) of ∆Gºads, calculated from Eq. 7, indicates the
spontaneity of the adsorption process, and the stability of the adsorbed layer onto
the carbon steel surface. This value is widely discussed in literature, and is
associated to chemisorption, as a result of the sharing or transfer of electrons
from organic molecules to the metal surface, to form a coordinate bond [39].
Surface morphology
From the scanning electron microscopy (SEM) images shown in Fig. 7, a number
of spots can be observed on the mild steel surface, arising due to the aggressive
medium attack. However, in the T3 inhibitor presence, we can see a significantly
smooth morphology, caused by the compound interaction with the metal
surface’s active sites. This results in an enhanced surface coverage of T3
molecules on the metal, so that there is a decrease in the contact between the
metal surface and the aggressive medium.
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Figure 7. SEM micrographs of mild steel (a) polished, (b) after immersion in 1 M HCl
without inhibitors, (c) after 6 h immersion in a 1 M HCl solution containing 10-3M of
T3.

Molecular dynamics simulations; adsorption energy calculations
In the current study, the dynamics simulation was carried out using the DMol3
code of Materials Studio 8.0 software from Accelrys Inc. USA [19]. For the
DMol3 calculations, we chose the generalized gradient corrected B3LYP (Becke
three parameters, Lee-Yang-Parr) functional and dual digital-based set with
polarization functions on hydrogen’s (DNP). This approach is shown to yield
favorable geometries for a wide variety of systems.
The adsorption of a single inhibitor molecule, namely, 1-octyl-2-(octylthio)-1Hbenzimidazole (T3), onto the iron surface, and the formation of the Fe-inhibitor
(T3) complex occurred through molecular dynamics (MD) simulation, in an
attempt to understand the interactions for the Fe (111)/T3/30 H2O system. The
calculation parameters used for the geometry optimization, via the module
Forcite, are depicted in Table 3.
Table 3. The calculation parameters used in the geometry optimization for the T3-Fewater system.
Champ of force
Convergence tolerance

Charges
Quality
Summation method

COMPASS
Energy : 2.0 e-5 kcal/mol
Force : 0.001 kcal/mol/Å
Displacement : 1.0 e-5 Å
Max Iterations : 500
Force field assigned
Ultrafine
Electrostatic: group based
Van der Waals : atom based

For the whole simulation procedure, the COMPASS (Condensed-phase
Optimized Molecular Potentials for Atomistic Simulation Studies) force field
[25] was used to optimize the structures of all the system’s components.
COMPASS is the first ab-initio force field that enables accurate and
simultaneous prediction of chemical properties (structural, vibrational,
conformational, etc.) and condensed-phase properties (equation of state, cohesive
energies, etc.) for a broad range of chemical systems. It is also the first high
quality force-field to consolidate parameters of organic and inorganic materials.
In the current study, the MD simulation was performed to study the system
behavior, i.e., single inhibitor molecule / solvent molecules / iron surface [25].
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Using the adsorption locator and the Forcite code implemented in the Materials
Studio 8.0 [19], the single T3-molecule on Fe (111) configuration was sampled
from a canonical ensemble. Fig. 8 shows the optimization energy curves of the
inhibitor (T3) in the neutral form, and before putting it on the iron surface.

Figure 8. Optimization energy curves of the neutral form, before putting it on the iron
surface.

In the canonical ensemble, the loading of imidazole derivatives on the iron (111)
surface, as well as the temperature, are fixed. The adsorption energy distribution
for the T3 /Fe (1 1 1)/30 H2O complex system is presented in Fig. 9.

Figure 9. Adsorption energy distribution of the T3/30H2O/ Fe (111) system.

Total energy, van der Waals energy, average total energy, electrostatic energy
and intermolecular energy for the Fe (111) / T3 /30 H2O system were calculated
by optimizing the whole system, and are given in Fig. 10.

Figure 10. Total energy distribution for the Fe (111)/T3/30H2O complex during the
energy optimization process.
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The most stable low-coverage structures of the single inhibitor molecule (T3) on
the Fe (111)/30H2O system, using Monte Carlo simulations, are depicted in Fig.
11, and the adsorption energies for the T3-Feads complex are shown in the side
and top views of the stable adsorption configurations.

Figure 11. Side (S) and top (T) views of stable adsorption configurations for the Fe
(111)/T3/30 H2O system, obtained using the Monte Carlo simulations.

An inspection of Fig. 11 shows that the adsorption centers on the iron (111)
surface are nitrogen, sulfur and the π-electron system, and that the form of the
neutral T3 inhibitor interacts in a parallel way with the iron (111) surface (Fe-SC=N: -79.496°, Fe-N-C-C: -76.99°, Fe-N=C-N: 123.273° and Fe-S-C=N:
80.33°). The measured shortest bond distances between the closest heteroatoms
(-S- & -N=) of T3 and the iron (111) surface at equilibrium were as follows: T3–
Fe interactions: (dFe–S-: 2,909A°, dFe–N=: 2,604A° dFe–N=3.934A°). A shorter bond
distance implies stronger interactions (high inhibition efficiency) [40]. The
strong bonding of T3 heteroatoms with the Fe atom ensures the chemical nature
of the adsorption process (chemisorption). This indicates that T3 is an efficient
inhibitor. The values for the outputs and descriptors calculated by the Monte
Carlo simulation for the Fe (111)/T3/30 H2O system are listed in Table 4.
Table 4. Outputs and descriptors for the lowest adsorption configurations for the Fe
(111)/T3/ 30 H2O system, calculated by the Monte Carlo simulation (all in Hartree).
System

ETotal

Eads

R.A.E.

DEnergy

Fe (1 1 1)/T3/30 H2O

-0.729

-0.780

-0.7851

0.0045

dEads/dNi
T3
-0.316

dEads/dNi
H 2O
-0.00053

The parameters presented in Table 4 include total energy (ETotal) in Hartree, of
the substrate–adsorbate configuration. The total energy is defined as the sum of
the energies of the adsorbate components. In addition, adsorption energy (Eads)
reports the energy released (or required) when the T3 relaxed adsorbate
components are adsorbed onto the substrate. The adsorption energy is defined as
the sum of the rigid adsorption energy (R.A.E) and the deformation energy for
the adsorbate components. The rigid adsorption energy reports the energy
released (or required) when the unrelaxed T3 molecule, before the geometry
optimization step, is adsorbed onto the iron (111) surface, in the presence of 30
water molecules. The deformation energy (DEnergy) reports the energy released
when the adsorbed T3 molecule is relaxed on the iron surface. Table 4 also

143

F. El-Hajjaji et al. / Port. Electrochim. Acta 37 (2019) 131-145

shows dEads/dNi, which reports the energy of Fe–T3 configurations where one of
the T3 molecules has been removed.
It is quite clear from Table 4 that the adsorption energy value is negative (-0.780
Hartree), which denotes that the adsorption could spontaneously occur. The large
negative value indicates that the T3-Feads organometallic complex is the most
stable, and leads to stronger adsorption [41]. The T3 adsorption energy value
(-0.316 Ha) is far higher than that of the water molecules (-0.00053 Ha). This
indicates the possibility of a progressive replacement of the water molecules
from the iron surface, leading to the formation of a stable layer that can protect
the metal surface against aqueous corrosion.

Conclusions
In summary, a new 2-mercaptobenzimidazole derivative (T3) was synthesized,
characterized, and thereafter investigated as a corrosion inhibitor for C-steel in 1
M HCl. Electrochemical (potentiodynamic polarization and EIS) methods were
used for corrosion testing. T3 acted as an efficient inhibitor (92% at 10-3 M), and
exhibited a mixed type behavior. Fitted EIS curves ensured the adsorption
phenomenon, and MD simulation provided more details. The results of surface
morphology, before and after corrosion, corroborate electrochemical tests
observations.
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