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Article’s Information Abstract

Pyridinium salts (namely 4-(2-(3-phenylallylidene) hydrazine-1-
carbothioamido)-1-propylpyridin-1-ium bromide, Al; 3-(2-(4-(dimethylamino)
benzylidene) hydrazine-1-carbothioamido)-1-ethylpyridin-1-ium bromide, A2;
3-(2-(4-(dimethylamino) benzylidene) hydrazine-1-carbothioamido)-1-
propylpyridin-1-ium bromide, A3 were successfully prepared in advance, and
in this study, they were examined theoretically to determine their
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effectiveness and efficiency as powerful mild steel corrosion inhibitors. The
weight loss method was used to evaluate corrosion inhibition of these salts in
1M H2SO4 media which carried out for 24 hours at room temperature. At a
variety of pyridinium salt concentrations, the inhibitory efficiency results for
all these salts (A1, A2, and A3) were high. The rate of corrosion is known to
decrease with increasing inhibitor concentration, while at the same time,
surface degree of coverage and inhibition efficiency are rising. The
physisorption effects for these prepared compounds (Al, A2, and A3) were
indicated by the adsorption results. For the three inhibitors under study,
semi-empirical molecular orbital computations and the molecular mechanics
approach were used to examine the relationship between experimental and
theoretical data. To comprehend the nature of the interaction between the
organic inhibitor molecules with the metal surface, theoretical simulations
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were performed.
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1. Introduction

Corrosion process is an electrochemical reaction
between the metal and its environment which leads
to deterioration of metal properties and it causes
several effects like the surfaces of national
infrastructure, wastewater treatment plants,
bridges, and almost on all metallic objects [1]. Iron
is one of the popular materials in construction
industry with wide range of applications, therefore,
the comprehensive analysis and evaluation of
various studied corrosion inhibitors were applied to
reduce and prevent corrosion reactions on the
surface of iron [2-5]. The inhibitors reduce and
prevent erosion reaction by adding a little amount of
concentration to the environment of erosive [6], this
inhibition could be achieved by forming
monomolecular film adsorbed surface [7], which

blocks the direct contact between metal and
corrosive environments [8], [9]. Hetroatoms (N, P,
0) which are present in organic chemical compounds
have been proven to have an effective effect on the
process of corrosion inhibition [10], and thus act as a
shield to inhibit this process. Several research
works are carried out by using computational design
systems of different organic molecules to prevent the
corrosion of metals [11], [12]. The aim of this work
was to obtain an approach to understanding the
nature of interacting the organic compounds when
to be next to metal surfaces at acidic environment.
Computational methods are of great importance in
studying the reduction of the corrosion process
because it is an effective method in developing the
study of inhibitors and their use in industrial
applications. In this paper, quantum chemical
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calculations would be performed on three compound parameters calculated were correlated to obtain
salts. These salts as depicted in Figure 1. Molecular inhibitory activities for these pyridinium salts.
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Figure 1: The formula of prepared inhibitor molecules.

3

2. General synthesis procedure of triethylammonium compounds

Pyridinium  salts, namely: 4-(2-(3-phenylallylidene)hydrazine-1-carbothioamido)-1-propylpyridin-1-ium
bromide, Al; 3-(2-(4-(dimethylamino) benzylidene)hydrazine-1-carbothioamido)-1-ethylpyridin-1-ium bromide,
A2 and 3-(2-(4-(dimethylamino)benzylidene)hydrazine-1-carbothioamido)-1-propylpyridin-1-ium bromide, A3
were previously synthesized (Scheme 1) [13] :
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Scheme 1: The pyridinium salts' A1-A3 synthesis

2.1. Preparation of aggressive solution 2.2. Weight loss measurements

Solution of (98%) H2S04 (it is diluted with distilled The mild steel specimen was with composition of
water to get a solution of 1M H2S04). The following: 0.288 % Mn, 0.0154 % S, 0.03 % C, 0.0199
concentrations that have proven effective as % Cr, 0.065 % Cu, 0.002% P, and 0.0005 % V, 0.002

inhibitors were from 5x10% to 1x102 M in the % Mo, and remaining Fe. Discs with a diameter of
presence 1M of H2SOu4. 2.5 cm were obtained from the cutting of mild steel
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sheets. Different emery papers were used to obtain
smooth surfaces of these discs. After that, the mild
steel specimens were cleaned by using distilled
water, ethanol, and acetone, respectively. In the
beginning, specimens were dried by using a
desiccator before corrosion tests. In the first step, an
electronic balance was used to weigh the steel disc.
In the presence and absence of the known
concentration of prepared organic inhibitor, the mild
steel disc was immersed in 1M sulfuric acid. After
that, it was washed with a sufficient amount of
water and acetone after being exposed to room
temperature for 24 hours, and then it was re-
weighed after drying and kept by using a desiccator.
The average weight loss value was tested twice
according to the ASTM test [14] for the purpose of
ensuring the accuracy of the results using the
weight loss method, and thus the average corrosion
rate (mgem2h1) was calculated. The formula (1) was
used to calculate the corrosion rate of mild steel was

as a following [15]:
Am

where W corrosion rate (mgem2h1), Am
difference of weight loss (mg) prior to and after
immersion of specimen, S = sample area (cm?2) and t
immersion time (h). Equation 2 is used to

calculate the inhibition efficiency (IE%) as
following [16]:
1E% = Weorr — Wcorr(inh) %100 (2
M/COTT

where Weorr and Weorrnn): corrosion rates in both
absence and presence of the inhibitor respectively.

2.3. Theoretical Calculations

Correlation has been studied between experimental
data and theoretical calculations via inhibition
efficiencies for mild steel corrosion process in acidic
environment [17, 18]. The study clearly aims to
understand the electronic form of some prepared
chemical inhibitors using quantitative calculations,
while from experimental data the relation between
the reactivity of the molecular shape and the
efficiency of the inhibition is known. Molecular
mechanics was used for the purpose of theoretical
calculations at MM+ level, while in the PM3 method
used to perform semi-experimental calculations for
organic inhibitor molecules in the gas phase and
without restrictions at a temperature of 25°C. So,
the HyperChem 7.52 Program [20], which has a full
geometry improvement, was used for this purpose.
To know the inhibition efficiency of synthesized
inhibitors, there is a simple method such as the
energies of the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular
orbital (LUMO) to analyze calculated parameters.
While the PM3 method used to calculate frontier
orbital energy gap (AE), molecular dipole moment
(), polarizability (a), electron affinity (A), ionization
potential (I), electronegativity (x), global hardness
(n), softness (0), the fraction of electron transferred
(AN), electrophilicity index (»), nucleophilicity index
() and back-donation (AEback-donation) (see Table 1).
According to Koopman's theorem and Fukui indices
[21], these quantum approximated calculated
parameters have used to clearly know the properties
and reactivity of the synthesized pyridinium salts
(A1-A3). As well as, helping to make a correlation
between the quantum calculated parameters and
experimental data which is obtained by loss weight
method for the corrosion process [22].

Table 1: Quantum approximated calculated parameters as following relationships.

I+ A
I=- Eaomo A=-Friumo | AE=ELumo- Exomo xX=—
— 2 — 7N
7’]=I A w:)(_ g:l AN=2XFe Ninn
2 2n 1) (Mre + Ninn)
1 Erumo — Enomo n
0= E AEpack—donation = 8 = _Z
where xFe and Xinn represent the inhibitor metallic atoms, it is assumed that for a metallic

molecule's and the metal's respective absolute
electronegativity. The absolute hardness of iron is
denoted by xFe, whereas the inhibitor molecule is
represented by ninh. Since they are softer than the

bulk (I = A), xFe =7.0 eV and nFe

= 0 for the calculation of the electron transmitted
(AN) [23]. Thus, the electron transport is driven by
the difference in electronegativity, and the total
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hardness characteristics serve as a resistance [23].
The MM+ force field developed by Hyperchem,
which is derived from Allinger's MM2, is explained
and compared to other MM2 versions in terms of the
conjugation process, the rotation, and structural
energy differences. It may also be used to quantify
the forces that exist between and within
molecules[24]. At atmospheric pressure, iron can be
found in two distinct crystal structures: the body
centered cubic (bcc), which is stable in the ground
state, and the face centered cubic (fce) [25]. A typical
metallic surface was prepared by using iron crystal
surface obtained from the crystal shape of iron. The
surface was optimized to smallest energy utilizing
the Hyperchem’s MM+ force field. Unit cells (11x3)
of Fe crystal surface were built, and from the
optimized crystal surface as an adsorbance surface
for inhibitor molecules. The inhibitor compound
synthesized to be adsorbate and react with surface
particles of the metal crystal surface by adsorption
locator module (adsorption locator module identifies
possible adsorption sites by carrying Hyperchem’s
Mm+ force field searches of the configurational
space of the substrate-adsorbate). A suitable
distance between the adsorbate and the chosen iron
crystal surface for optimization by Hyperchem’s
Mm+ force field was maintained.

3. Results and Discussion

3.1. Synthesis of pyridinium salts A1-A3

Some pyridinium salts, namely: 4-(2-(3-
phenylallylidene)hydrazine-1-carbothioamido)-1-
propylpyridin-1-ium bromide, Al; 3-(2-(4-
(dimethylamino) benzylidene)hydrazine-1-
carbothioamido)-1-ethylpyridin-1-ium bromide, A2;
3-(2-(4-(dimethylamino)benzylidene)hydrazine-1-
carbothioamido)-1-propylpyridin-1-ium bromide, A3
were previously prepared and thoroughly analyzed
by our research groupl13].

3.2. In this study of corrosion

After immersing mild steel for 24 hours at room
temperature, the deterioration was determined.
Measurements of weight loss method was used to
obtain the rate of corrosion and effectiveness of
inhibition by using different concentrations of
inhibitor compounds (A1-A3) which are mentioned
in table below (see Table 2) [13]. Table 2
demonstrates that when the concentration of the
inhibitor is raised, the corrosion efficiency increases
and reaches high inhibition efficiencies at 102 M.
Consequently, of the contrast, the ability of

inhibition that follows the order (A2>A1>A3) could
be comparable. The effects of carbon chain in the
molecular organic structures (that could make
flexible structure with A2 and rigidity with Al and
A3) on inhibition efficiency may be explained by
values of the inhibition ability [26], as well as, the
procedure adsorption of organic molecules on the
metal surface. Basic information of method
adsorption can elutriate the natural activity which
occur on the surface of metal and chemical
molecular compound. Therefore, the values of plane
coverage degree (0), with various inhibitor of
concentration was achieved by weight loss tests with
1 M sulfuric acid by the surface coverage degree, (0=
IE(%)/100)) (see Table 2) at room temperature, the
Equation 3 below shows the relationship between

surface coverage degree and concentrations
inhibitor to calculate [27]:

c 1

- = +C -(3)

6 Kads

where C is concentration of inhibitor (M), Kads is the
value of equilibrium constant (M1).

The values of Kads were computed from the crossings
of the straight line of C/6 vs concentration, in
accordance with the Langmuir isotherm. Equation
(4) was used to calculate the values of AGeaas [27]:
(the molar concentration of water is 55.5 M).

! (— AG;‘“) (4

Kaas = gesexP{ = —pr

Table 3 shows the values of free energy in the
adsorption procedure which carries the negative
sign to show that the processes of adsorption for the
compounds (A1-A3) is spontaneously operation over
plane of mild steel in 24 hrs of dipping at room
temperature. This approach was used to introduce a
clear picture in order to observe the interaction
between metal surface and organic molecules (Al-
A3). In the environment of corrosion reaction,
moving toward the metal surface, organic
compounds cause molecules' electrons to interfere
with the vacant orbitals on the surface atoms [28,
29], as well as a process known as retro-donation
mechanism [30]. The presence of donor atoms in the
inhibitor makes the adsorption process more
complicated between the inhibitor molecules and the
metal, as shown below in equations (5,6) [31,32]:

Fe +xH:0 — Fe(H20ads)x (5)
Fe(H20a4s)x + Inhsot — Fe-Inh complex + xH20 ...(6)
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Table 2: Weight loss at room temperature for 24 hour period is measured together with the rate of corrosion,
capacity of inhibition IE%), coverage of surface (8), and AG®ads for mild steel tested with 1 M sulfuric acid.

Concea:/‘;)r ation The rate of corrosion (mg.cm?2.h1) IE% 0 (kAJ(.}IEc()ils'l)

Blank 4.1995

Al
5x104 1.1367 72.93 0.7293
1x10°3 0.4594 89.06 0.8906 -31.05
5%103 0.0429 98.97 0.9897 (R2 =0,9999)
1x1072 0.0120 99.71 0.9971

A2
5x104 0.9132 78.25 0.7825
1x10°3 0.4576 89.10 0.8910 -31.41
5%103 0.0481 98.85 0.9885 (R2 = 0,9999)
1x1072 0.0084 99.79 0.9979

A3
5x104 1.1754 72.01 0.7201
1x103 0.5640 86.56 0.8656 -30.71
5%103 0.1445 96.55 0.9655 (R2 = 0,9999)
1x1072 0.0624 98.51 0.9851

In addition, it's possible that the quantity of metal
complexes present on the metal surface are lower at
low concentrations of the prepared organic inhibitor.
Therefore, it’s obvious that inhibition efficiency is
increased with iIncreasing organic inhibitor
concentrations. Adsorption inhibitor mechanism
works by acting of adsorption compounds via (N and
S) atoms that contain organic molecular inhibitor.
According to reports, functional groups inside
molecules contribute to the electron density
distribution of molecules, which can have a
significant impact on the process of adsorption on
metal surface [33]. To avoid or stop the loss of metal
atoms from the surface that can be caused by the
reaction of electrochemical dissolutions, through
thin film complexes, the organic inhibitors (A1-A3)
that the active anode sites were accepting by
adsorbing with the metal surface. The values of
AGoqgs for (A1-A3) are listed in Table 2 revealed
physical adsorption that occurs physically and
electrostatically, via the interaction between the
organic molecules and the charged centers on the
electrode metal surface and metal surface itself [34].
The organic inhibitor (A2) was showed value AGCds
= -31.4 kd/mol, this was confirmed by IE% readings
(78-99) at the various concentrations and indicated

in Table 2. At the high concentration of inhibitor,
IE% of (A1-A3) are compatible with the values of
AGOags, follows the order A2>A1>A3. We believe the
reason behind is the molecular structure of a
variant carbon chain on the N atom of pyridinium
ring and the spatial geometry of (A1-A3) that cause
the electron density around the organic molecule to
be differed in intensity. Therefore, by comparing the
regular distributions of electron densities of
molecules with the surface metal to molecules (A3
and A1), the interaction between the molecule (A2)
with the surface metal is expected to improve.

3.3. Theoretical Investigation

A correlation between the produced inhibitors
experimental inhibitory efficacy and their molecular
structure model was determined by semi-empirical
calculations involving PM3 level. For the suggested
inhibitors of the pyridinium salts (A1), (A2), and
(A3), all theoretical calculations were carried out by
using more stable of energetically conformations,
which are demonstrated to be planar over the entire
molecular model of the inhibitors that are
recommended and caused by n-systems (see Figure
2).
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‘.
(A3) “
Figure 2: Conformations of the proposed pyridinium salt A1-A3 inhibitors that are energetically stable with
PM3 method.

Figure 3 shows the HOMO and LUMO isosurface maps for the proposed inhibitors of (A1), (A2), and (A3). The
electronic density of the HOMO and LUMO is entirely concentrated on the N and S atoms present in the
proposed inhibitors for all compounds. Accordingly, the electronic density of S and N atoms in the molecular
system (except N atom of pyridinium ring) act as a donor for the intermolecular interaction with the
environmental metal surface (Fe® and Fell ).

. HOMO ¢ (A3) " LUMO ¢

Figure 3: Using PM3 method, the proposed inhibitors of the ammonium salts (A1-A3) and their boundary
distributions of molecular orbital density (HOMO and LUMO)

Therefore, the calculated HOMO energies for the that the HOMO energies are near in values, as well

pyridinium salts (A1), (A2) and (A3) are -10.1037, - as, the values of the highest IE% and AGeads (see

10.1051, Table 2). Its meaning, there is an interesting

-10.1091 eV, respectively (see Table 3). It is clearly coincidence between theoretical and experimental
www.anjs.edu.iq Publisher: College of Science, Al-Nahrain University
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data. The LUMO energy is calculated to be -4.9673,

-4.9748, -4.9907eV for (A1-A3), respectively
(see Table 3). This means inhibitor (A3) with lowest
LUMO energy can be readily to accept electrons
from d-orbital of corroding surface metal by
comparing with LUMO energies of (A1 and A2). The
energy band gap between HOMO-LUMO energy
levels is another quantum vital parameter that is
needed to be put into consideration; since the
smaller band gap accompanies the greater the
corrosion inhibition efficiency [31]. As shown in
Table 3, that (A3) has lowest band gap energy than
(A1 and A2) with excellent corrosion inhibition
efficiency. This suggests that the carbon chain with
N atom of pyridinium ring gives flexibility for
overall molecules to orient itself toward the active
sites on the surface metal, that makes structural
molecule of inhibitor (A3) can play a crucial role in
the adsorption process on the metal surface.
Furthermore, the calculated dipole moment is an
important expression of non-uniform distribution of
charges on various atoms in the molecule. It
measures interactions of molecules in a particular
chemical environment. Table 3 shows the dipole
moments of the pyridinium salts (A1-A3) are in
range (16-20 D) that values indicated that the
feature of salt applies to these pyridinium salts. It
was clear that energy of the deformability increases
with the increase the value of dipole moment,
making the molecule easier to be adsorbed on metal
surface. Thus, as shown in Tables (2,3) that
corrosion inhibition efficiency of a molecule to be
high value with increasing the magnitude of dipole
moment [32]. Figure 4 displays electrostatic
potential maps that illustrate the varying
magnitudes of computed dipole moments for the
recommended inhibitors (A1-A3). Table 3 illustrates
that the compounds polarizability order is A3> A2>
Al, indicating that high inhibitor polarization
values correspond to high inhibition efficiency. High
values of polarizability facilitate the strong
adsorption process of corrosion inhibitors onto the
metal surface and hence, high inhibition efficiency
[33]. The qualitative definition of hardness is closely
related to the polarizability, since polarizability (o)
is inversely proportional to the third power of the
hardness values [34]. Therefore, molecule becomes
more polarizable with increasing of softness (see
Table 3). Since a decrease of the energy gap usually
leads to easier polarization of the molecule, which
decreases (LUMO- HOMO) energy gap and
improves the efficiency of inhibitor [35]. Figure 4

displays electrostatic potential maps that illustrate
the varying magnitudes of computed polarizability.

A molecule's tendency to transfer electrons to an
electron-deficient species 1is indicated by the
quantity of electrons moved (AN); the higher value
of AN, the more probable a molecule will do that.
Therefore, as organic corrosion inhibitor 1is
examined, a greater AN can be indicated with a
higher propensity to interact with the surface of the
metal that makes sense to lead to increasing
corrosion inhibition efficiency [33]. As shown in
Table 3, that (A3) has highest electrons transmitted
than (A1 and A2). With the findings of the
experiment are in good agreement with this. One
crucial indicator of an atom's or molecule's chemical
reactivity is their ionization potential (I). Small
ionization potential indicates strong reactivity of the
atoms and molecules, while high ionization potential
indicates great stability and chemical inertness [34].
The great inhibitory efficacy of (A1) is indicated by
its low ionization potential (I = 10.1037 eV). With
the findings of the experiment are in good
agreement with this.

The chemical property that characterizes a
molecule's capacity to draw electrons into itself in a
covalent connection is called absolute
electronegativity (x). The molecules (A1, A2, and A3)
with a large electronegativity rapidly achieve

equitable  distribution, as a result, high
responsiveness 1s expected, indicating good
inhibitory efficiency, according to Sanderson's
electronegativity = equalization principle  [35].

According to Table 3, (A3) exhibits the maximum
electronegativity. Thus, the highest increase in the
electronegativity difference between the metal and
inhibitor is seen for (A3). This is consistent with the
experiment's results. Measuring molecule stability
and reactivity requires knowledge of absolute
hardness () and softness (o) [36]. It is clear that the
resistance to deformation or polarization of the
electron field of atoms, ions, or molecules under mild
chemical reaction perturbations is what chemical
hardness essentially signifies. The energy gap
between a soft molecule and a hard molecule is
smaller [37]. In the current investigation, the salt
(A3) has the lowest energy gap and the lowest
hardness value (2.5592 eV) when compared to other
created pyridinium salts.
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+0.955

-0.020

+0.697

-0.061

+0.771

-0.027

(A3)

Figure 4: Electrostatic potential maps that illustrate the varying magnitudes of computed inhibitors (A1-A3)
by using PM3 method.

In general, a high inhibition efficiency is predicted
for the inhibitor with the lowest global hardness
value (and thus the largest global softness value)
[38]. Adsorption may take place at the location of
the molecule where the local property softness (o)
has the maximum value in order to facilitate the
easiest electron transport [39]. A softness value of
0.3907 eV, the pyridinium salt (A3) exhibits a high
level of inhibitory efficiency. This is consistent with
the experiment's results. Taking account of the
global electrophilicity index (@), which quantifies a
molecule's tendency to be electrophilic and the

stabilization energy and the tendency of chemical
species to obtain addition charge from AN the
environment [40]. We find that the inhibitor (A3)
with highest electrophilicity index value (11.1365
eV) than the other (A1 and A2), then (A3) has a high
inhibition efficiency as well as, a good value free
energy adsorption. This result is in good agreement
with the experimental data. When assessing
corrosion inhibitors, two crucial factors to take into
account are the electrophilicity index (@) and the
nucleophilicity index (g). (@) represents the ability of
inhibitor molecules to acquire electrons, whereas (g)
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represents their ability to contribute electrons. The
inhibitory activity rises with increasing () value
and declines with decreasing (») value [41, 42]. In
our research of molecules, the value of (@) has
reduced and the value of (¢) has increased. The
strongest inhibitory action is exhibited by our
compounds (A1-A3), as determined by (¢ and )
assays. Through back-donation (AEback-donation),
the inhibitor potency and center activity are further
investigated [43]. An effective inhibition process
would be indicated by this type of action if n > 0 and
AEback-donation < 0. This would indicate that there
is a move of charge to the molecule followed by
return donation to the unoccupied d-orbital of the
metal atom [44]. In comparison to Al (-0.6420 eV)

and A2 (-0.6412 eV), AEback - donation is highly
advantageous for A3 (-0.6398 eV; see Table 3). The
vdW volume, as well as, surface area was calculated
with Hyperchem, based on Quantitative Structure
Activity Relationships (QSAR), which is listed below
in Table 3, demonstrating that Al (1121 A3) has
comparatively greater volume than A2 (1070 A3)
and A3 (1016 A%. Thus, Al offers a sizable
adsorption contact area, which improves inhibitor
activity. As a conclusion, the various molecule
systems are showing different values of different
quantum approximated chemical parameters, that
maybe suggesting different interactions could be
taken place between the inhibitor molecule and the
metal surface.

Table 3: Quantum approximated chemical parameters of the studied pyridinium salt derivatives as corrosion
inhibitors by using PM3 method.

Inhibitor Al A2 A3

Fhowmo, eV -10.1037 -10.1051 -10.1091
Frumo, eV -4.9673 -4.9748 -4.9907

AE, eV 5.1364 5.1303 5.1184

I, eV 10.1037 10.1051 10.1091

A, eV 4.9673 4.9748 4.9907

X, eV 7.5355 7.5399 7.5499

n, eV 2.5682 2.5651 2.55692

g, eV 0.3893 0.3898 0.3907

AN 0.8628 0.8644 0.8676

®, eV 11.0551 11.0814 11.1365

g, eV-1 0.0904 0.0902 0.0897
AEpack-donation, €V -0.6420 -0.6412 -0.6398
Vdw, As 1121.85 1070.56 1016.82
(surface area, A?) (670.98) (634.39) (596.88)

Dipole moment (D) 16.50 18.33 20.07
Polarizability, a.u. 263.90 272.37 279.32

3.4. Molecular mechanics investigation

The three inhibitors adsorbed on the Fe (001)
surface (Fe0) and their small energy adsorption
patterns are displayed in Fig. 5. The electrons of the
nitrogen, sulfur, and benzene rings are the
adsorption sites of the inhibitors under study on the
surface of Fe (001), as shown in Fig. 5.
Adsorbate/substrate system interaction is
strengthened when inhibitor molecules are adsorbed
in a nearly flat configuration on the surface of the
iron to increase covering and contact with the
surface [45,46]. Studying the adsorption energies of
inhibitors absorbed on iron surfaces when taking
inhibition performance into account will be highly
attractive, as the potency of corrosion inhibitors
absorbed on iron surfaces can be described by the
adsorption energy (Eads). The following equation

[47] can be used to determine the adsorption energy
in a solution.

Eaas-= Etota / complex (Fe—Inh.)
- (Etotal/Fe + Etotal /Inh.) (8)

The average adsorption energy of the acquired
equilibrium configurations was used to compute the
energies of adsorption in the present study. The Eaas
acquired are (-89.33, 87.32 and -81.87 kJ/mol) for
A1, A2, and A3, respectively (see Table 4) [48]. Since
the adsorption energies are shown to be negative,
spontaneous adsorption is predicted  [49].
Essentially, the greater the contact between the
blocker and the metal surface, the greater the
absolute value of Eads [50]. A1l clearly shows superior
inhibitory qualities for mild steel than A2 and A3,
with larger absolute values of Eads than the latter
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two. These findings are consistent with
experimental evidence [51]. The relative energy of
the complex creation by the subtracted portion of
the total heat of synthesis for each individual
component is shown in Figure 6 (see Table 4).
Correlation between the theoretical Eaqs values and
the results of measurements of electrochemical
values, the values of AGeags, that follow the order

Before

A2=A1>A3. This is due to the following factors: Al
and A2 have a larger molecular size than A3 with (it
could be) a large effect of carbon chain on
orientation the molecular system on metal surface,
that allowing Al and A2 to cover a larger area over
the metal surface that causes high values of 1E%,
AGOds and Eads.

Figure 5: Side and top views of most stable adsorption configurations and electrostatic potential maps for Al
inhibitor on Fe (001) surface (Fe®) (before and after simulation).

Table 4: Quantum chemical properties of the proposed inhibitors with metal surface using Mm+ method were

computed
Component Total energy, (kJ/mol) Eads, (kd/mol)
Al 147.40 -89.33
A2 144.90 -87.32
A3 141.64 -81.87
Fe crystal 21402.05
Complex(Fe-InhA1) 21460.12
Complex(Fe-InhA2) 21459.63
Complex(Fe-InhA3) 21461.82
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Figure 6: Diagram of proportional adsorption energy for the production of complexes. (a) (Inh +Fe crystal), (b)
for complex (Fe-InhB5), (c) for complex (Fe-InhB6) and (d) for complex (Fe-InhB4); energies are in kJ moll.

We suggested another molecular simulation with a charged iron upper surface (Fell) to calculate the three
inhibitors' configurations for minimal energy adsorption (Al, A2 and A3) adsorbed on the Fe (001) surface
(Fel) are shown in Fig. 7. The Eaas obtained are (-86.93, -83.79 and -81.35 kdJ/mol) for Al, A2 and A3,

respectively (see Table 5).

Table 5: Calculated quantum chemical parameters of the suggested inhibitors with charged metal surface,
using Mm+ method.

Component Total energy, (kd/mol) Eads, (kd/mol)
Al 147.40 -86.93
A2 144.90 -83.79
A3 141.64 -81.35
Fellcrystal 21133.46
Complex(Fel'-InhA1) 21193.93
Complex(Fe'-InhA2) 21194.57
Complex(Fe-InhA3) 21193.75
Before
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Figure 7: Side and top views of most stable adsorption configurations and electrostatic potential maps for
inhibitor Alon Fe (001) surface (Fel!) (before and after simulation).
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It's clear from Eads data of Tables (3, 4) that the
adsorption process by inhibitor molecule on the
charged iron upper surface was approximately the
same as uncharged iron upper surface with inhibitor
molecule. That explains that adsorption process
between molecular system and the metal surface are
strong in case of charged iron upper surface or
uncharged iron upper surface. In addition, the
relationship between experimental data of AGeags
and theoretical Eagas calculations are found to make
conclusion that two cases of protection for metal
surface can occur synergistically by inhibitor
molecules with charged and uncharged iron surface,
(see Figure 8).
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Figure 8: Adsorption energy diagram for the
complexes formation between inhibitor molecule and
uncharged and charged iron surface.

3.5. The mechanism of corrosion inhibition

Finally, the mechanism of corrosion inhibition for
the present work is physicochemical characteristics
over Fe surface. In the light of the experimental
research and theoretical computations, it is
suggested that changing the electronic environment
of the metal surface might be used to demonstrate
adsorption. The inhibitory effect of the pyridinium
salts on the iron surface is shown in Fig. 9.
Numerous investigations have demonstrated that
the surface of metal in an acidic solution lacks
electrons [52]. The inhibitor's ability to be adsorbed
on the surface of metal is explained by the ability of
specific function groups to connect to the inhibitor
molecules on the surface of metal. The creation of a
protective coating of molecules of inhibitors on the
metal/solution contact boosts the effectiveness of
inhibition when the concentration of the inhibitor is
increased. The change of the electronic environment
for Fe surfaces encourages organic inhibitor
molecule to be adsorption, resulting a thin layer of
organic inhibitor molecules in the solution. Because
the N and S electrons are not shared, these organic
salt compounds can combine in solution. Molecules
of organic material may have a physiosorbed effect
on the surface of metal as a result of electrostatic
interaction [53]. The organic molecule could be
absorbed by an imagined process on the metal/acid
mixture interaction. In Fig. 9, the following
processes are shown: (i) physisorption, or the
electrostatic attraction of protonated organic
molecules that inhibit with currently adsorbed ions;
(i) chemisorption or physisorption, is the
interaction of charged particles and unpaired
electrons of the heteroatoms with the unoccupied d-
orbital of iron surface atoms; and the relationship
between the d-electron of the iron surface atom and
the unoccupied orbital of the molecule that inhibits
(retro-donation).
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Figure 9: Mechanism of relationship between inhibitor molecules and the mild steel surface environment that
has been proposed.

4. Conclusions

The use of pyridinium salts (A1-A3) as organic
corrosion inhibitors on the iron metal surface in a
solution of 1 M Ha2SO4 at room temperature was
successful. The synthesized inhibitor compounds
exhibited significant inhibitory effects, as indicated
by the efficiency inhibition (IE%) data. The physical
process of adsorption was influencing the free
energy adsorption readings (A1, A2, and A3), which
provided crucial information to clarify the natural
of the organic molecules' interactions with the
metal. The correlation between theoretical data via
quantum molecular orbital calculations and the
outcomes of the three inhibitors under study were
taken into consideration. Theoretical simulations
helped clarify the mechanism of the relationship
between the organic inhibitor of corrosion and the
iron surface.
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