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Abstract: The effect of changes in the number of nitrogen atoms on the
corrosion inhibition efficiency of 1,4,7,10,16-Pentaoxa-13-azacyclooctadecane
(aza-18-crown-6/N1) derivatives has been studied using Density Functional
Theory and Monte Carlo Simulation. The DFT B3LYP/6-311G(d,p) method
was used to measure the quantum parameters of aza-18-crown-6 derivatives.
Prediction of corrosion inhibition efficiency based on quantum parameters is
successively hexaaza-18-crown-6 (N6) > pentaaza-18-crown-6 (N5) >
tetraaza-18-crown-6 (N4) > triaza-18-crown-6 (N3) > 1,4,10,13-diaza-18-
crown-6 (N2) > aza-18-crown-6 (N1). N6 has the highest inhibition efficiency,
while N1 has the lowest. The substitution of a nitrogen atom into the crown
ether ring acts as an electron donor. Monte Carlo simulations demonstrate the
interaction of aza-18-crown-6 derivatives with the iron surface. This indicates
good agreement with the results obtained from DFT/B3LYP 6-311G (d,p)
quantum calculations in the solution phase.

Keywords: corrosion inhibitor, aza-18-crown-6, DFT, Monte Carlo

simulation

Introduction

Corrosion causes metal surfaces to become
rough, brittle, and easily destroyed. The
corrosion process is quite difficult to control.
Preventative measures are necessary to reduce
corrosion [1, 2]. The use of corrosion inhibitors
is an effective, efficient, and economical way to
prevent corrosion. Corrosion  inhibitors
generally come from inorganic and organic
compounds. Organic inhibitors are the right
solution for preventing corrosion because they
are readily available, safe, inexpensive, and
environmentally friendly. Organic compounds
used as inhibitors must contain at least one
heteroatom, such as N, O, P, or S, which has a
lone pair of 1 electrons [3, 4].

One organic compound that can be
used as a corrosion inhibitor is a crown ether
compound. Crown ethers have the advantage
of effectively binding metal ions through
complex formation. Crown ethers have
structural properties that can be easily modified
to meet the criteria for corrosion inhibitors, due
to their heteroatoms (O, N, P, and S) in their
structure. Furthermore, crown ethers are non-
toxic and environmentally friendly, making
them suitable for use as corrosion inhibitors [5-
10].

Fouda et al. [10] reported that crown ethers
have great potential as corrosion inhibitors due
to their high efficiency. M. Abdallah et al. (2008)
investigated  18-Crown-6-ether (DB18C6)
derivatives using the mass loss method and
found an efficiency of 72% on type 304 stainless
steel in hydrochloric acid (HCI). Fouda et al.
(2010) also studied the effect of several crown
ethers as corrosion inhibitors on type 430
stainless steel in 2M hydrochloric acid (HCI)
and obtained an efficiency of 82.02%. Paul et al.
[11] also studied the potential of dibenzo-18-
crown-6 derivatives as corrosion inhibitors on
mild steel in hydrochloric acid (HCI) solution
and obtained an efficiency of 98.57%.

Studies on the use of crown ethers as
corrosion inhibitors have also been discussed
through theoretical studies. The influence of
macrocyclic ring size on corrosion inhibition
efficiency of dibenzo-crown-ethers using DFT
method. Furthermore, theoretical studies on the
efficiency of crown ethers as corrosion
inhibitors are still limited to crown ether
compounds with the addition of substituents
only. Therefore, theoretical research is needed
on the influence of the type of heteroatom
bonded to the crown ether ring (Figure 1) that
can increase corrosion inhibition efficiency.
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Figure 1 Structure of the Aza-18-Crown-6 derivative compound (O = Oxygen, N = Nitrogen).

Methodology
Theoretical Inhibition Data Analysis

The ionization potential can be calculated using
Equation (1):

= -EHOMO.................... )

where 1 is the ionization potential and
E_HOMO is the energy of the Highest
Occupied Molecular Orbital [12].

The electron affinity can be calculated using
Equation (2):

A =-ELUMO........ooooooeer 2)

where A is the electron affinity and E_LUMO is
the energy of the Lowest Unoccupied
Molecular Orbital [12].

Electronegativity can be calculated using
Equation (3):

where x is the electronegativity, 1 is the
ionization potential, and A is the electron
affinity [13].

Hardness can be calculated using Equation (4):

where 1 is the chemical hardness, I is the
ionization potential, and A is the electron
affinity [14].

The fraction of electron transfer (AN) can be
calculated using Equation (5):

— XFe_Xinh
AN = EE )

where AN is the electron transfer, x_Fe is the
electronegativity of iron, y_inh is the
electronegativity of the inhibitor, 1n_Fe is the
hardness of iron, and n_inh is the hardness of
the inhibitor. Based on theoretical values, y_Fe
= 7.0 eV and n_Fe = 0 are used to calculate the
fraction of electron transfer [15].

The theoretical corrosion inhibition efficiency
was calculated using Equations (6), (7), and (8):

ladd. 9% = 2= Y 100, e ©)
Inh

[Eadd. % = Iadd- % — eInh* Q0 e (7)

IEteori.% = Ielnh.% + IEadd- 0 e, (8)
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where I_add.% is the percentage of ionization
potential difference, I _Inh is the ionization
potential of the parent compound, I_X is the
ionization  potential of the derivative
compound, IE_add.% is the additional
inhibition efficiency percentage, IE_Inh.% is the
inhibition efficiency, and IE_theory.% is the
theoretical inhibition efficiency percentage.

Simulasi Monte Carlo

Monte Carlo simulations were performed using
Material Studio 7.0 software from Accelrys Inc.
This Monte Carlo simulation process can find
the lowest energy adsorption site of organic
inhibitors on metal surfaces and water
molecules. The initial step taken was to save the
crown ether structure optimization results from
Gaussian in MDL SDfile (.sdf) format so that
they can be imported into the material studio
system in 3D. Next, select the iron metal surface
used as the Fe (110) plane, because the Fe (110)
crystal plane is the most stable for simulating
the adsorption process [17]. To provide a large
surface for the interaction of organic inhibitors,
Supercell (8x8) and Vacuum slab with a
thickness of 15 A along the C axis were used,
built with the Fe (110) plane. All simulations
were implemented with the KOMPASS force
field to optimize the structure of all desired
system  components. Organic inhibitors
(monoaza-18-crown-6, diaza-18-crown-6, triaza-
18-crown-6, tetraaza-18-crown-6, pentaaza-18-

crown-6, hexaaza-18-crown-6) and Fe (110)
using 100 molecules in each case or each
organic inhibitor. The use of 100 water
molecules is very important in the simulation
because it can play an important role in
corrosion in the environment [18].

Result and Discussion

As a consequence of selecting a quantum
chemistry method, method validation is
necessary. Optimization of the structure of aza-
18-crown-6 derivatives was performed based
on the experimental crystal structure. The
optimized  structure of  aza-18-crown-6
derivatives, represented by hexaaza-18-crown-6
(N6), is shown in Figure 2.
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Figure 2. Structure Optimization Results of

Hexaza-18-Crown-6 Compound (atoms:
white=H; blue=N; gray=C)

Table 1. Comparison of structural parameters of 18-crown-6 and derivatives of aza-18-crown-6.

Senyawa Diagonal O-O Distance
DFT Ab initio Experiment
Min (A) Max (A) Min(A) Max(A) Min(A) Max (A)
18C6 (NO) 5.381 5.385 5.802 5.948 4.267 4.784
N1 5.568 5.848
N2 5.587 5.808
N3 5.831 5.836
N4 5.509 5.978
N5 5.771 5.972
N6 5.622 5.627

Table 1 shows the bond distance between O-O
from the structure optimization results with
DFT calculations for the compound 18-crown-6
(18C6) obtained the shortest bond distance of
5381 A and the longest bond distance of 5.385
A. These results are not much different from the
crystal structure of the experimental results
conducted by Dunitz (1974) [19] who reported
the shortest O-O bond distance of 4.267 A and

the longest bond distance of 4.784 A. The
difference in bond distance between the
theoretical and experimental calculation data
shows good results, namely an average of
around ~0.6-1 A. In the ab initio calculation, the
results of the difference in bond distances were
quite different when compared to the results of
the DFT calculation, where the longest bond
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distance was 5.948 A and the shortest bond
distance was 5.802 A. Thus, based on the
comparison of shorter bond distances, the use
of the DFT method at the B3LYP level of theory
with the 6-31G(d) basis set is more valid and

acceptable for optimizing the molecular
structure  of  aza-18-crown-6  derivative
compounds.

Quantum Chemistry Parameters

Table 2 shows that the addition of nitrogen
(N) heteroatoms affects the corrosion inhibition
efficiency of aza-18-crown-6 derivatives. The
order of corrosion inhibition efficiency,
according to Table 4.2, is hexaaza-18-crown-6
(N6) > pentaaza-18-crown-6 (N5) > tetraaza-18-

crown-6 (N4) > triaza-18-crown-6 (N3) > diaza-
18-crown-6 (N2) > monoaza-18-crown-6 (N1).
The increase in inhibition efficiency of these
organic inhibitors can be explained based on
adsorption theory, which assumes that organic
inhibitors form a protective layer/film on the
metal surface. It is known that adsorption
primarily depends on the presence of n
electrons and heteroatoms, which leads to
greater adsorption of inhibitor molecules on the
metal surface. Compounds containing nitrogen
(N) and sulfur (S) are important because they
often provide superior inhibition compared to
compounds containing only nitrogen or sulfur

[20].

Table 2. Quantum chemical parameters for aza-18-crown-6 derivatives calculated using DFT at the
B3LYP/6-31G(d,p) level of theory.

Inhibitor Parameters
Enomo ELumo Egap I A X AN IEtheory
(eV) (eV) (eV) (eV) (eV) (eV) (V) (%)

N1-18C6 -6.18814 1.15947 7.34761 6.18814 -1.15947 251433 0.61049 60.81247
N2-18C6  -6.12963 1.06695 7.19658 6.12963 -1.06695 2.53134  0.62094 61.43564
N3-18C6  -6.05154 1.08818 7.13972 6.05154 -1.08818 2.48168  0.63284 62.26735
N4-18C6  -5.82840 0.95348 6.78188 5.82840 -0.95348 2.43746 0.67275 64.64393
N5-18C6  -5.77861 0.95648 6.73509 5.77861 -0.95648 2.41106  0.68134 65.17422
N6-18C6  -5.60364 0.28544 5.88908 5.60364 -0.28544 2.65909 0.73710 67.03776

The aza-18-crown-6 derivative compounds
in their structure contain heteroatoms such as
nitrogen (N) which have lone electron pairs.
Each aza-18-crown-6 derivative compound that
has lone electron pairs on the nitrogen atom (IN)
interacts with the d-orbitals of iron metal (Fe) to
form a protective layer/film that can inhibit the
corrosion rate and increase corrosion inhibition
efficiency. Table 2 shows the highest inhibition
efficiency is found in the hexaaza-18-crown-6
(N6) compound inhibitor at 67.03% while the
lowest efficiency is found in the monoaza-18-
crown-6 (N1) compound inhibitor at 60.81%.

The difference in inhibition efficiency of
these organic inhibitors of aza-18-crown-6
derivative compounds is caused by the addition
of different nitrogen (N) heteroatoms to the
crown ether ring which will affect its structure
and electron density. Based on studies of
several organic compounds containing nitrogen
(N) atoms for iron corrosion inhibition, the
presence of electron density on the atoms of
functional groups, which serve as reaction
centers, emphasizes the effectiveness of organic

compound inhibition. The inhibition efficiency
of organic inhibitors increases with increasing
electron density on the nitrogen (N) atom,
which serves as the reaction center for aza-18-
crown-6 derivatives. Thus, the addition of more
nitrogen (N) heteroatoms to hexaaza-18-crown-
6 (N6) compounds increases the electron
density in their molecular structure, thereby
facilitating stronger adsorption on iron (Fe)
metal surfaces and higher inhibition efficiency
than other inhibitor compounds.

The addition of nitrogen (N) heteroatoms to
the crown ether ring of aza-18-crown-6
derivatives is also explained by the HSAB
(Hard Soft Acid Base) theory. Based on the
theory of acid-base strength (HSAB) introduced
by Pearson (1968) [21], nitrogen atom donors
are more basic (base strength n = 7.27) than
oxygen atom donors (base strength n = 6.08).
This difference, of course, serves as a reference
for the study of heteroatom changes conducted
in this study. According to the HSAB principle,
hard acids are more stable when forming
complexes with hard bases, and soft acids are
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more stable when forming complexes with soft
bases.

Based on HSAB, iron (Fe) as the central
atom is included in the "hard" group, while
ligands from aza-18-crown-6 derivatives
contain nitrogen (N) heteroatoms as bases, so
the bonding tendency 1is covalent and
coordinate covalent. Coordination covalent
bonds occur due to the presence of empty d
orbitals on the iron metal atom (Fe) so that the
electron pairs owned by the nitrogen atom (N)
in the aza-18-crown-6 ligand and its derivatives
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form coordinate covalent bonds]. Hexaaza-18-
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heteroatoms bound to the crown ether ring can
form more stable complex compounds with
iron metal (Fe), so that hexaaza-18-crown-6 has
better inhibition ability compared to other
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Figure 3. Relationship between HOMO energy and inhibition efficiency

HOMO energy is the molecular orbital
with the highest energy level that will be
occupied by electrons. LUMO energy is the
molecular orbital with the lowest energy level
that is not occupied by electrons. HOMO
energy is the property of molecules to donate
electrons. The higher the HOMO energy, the
stronger an organic compound's adhesion to a
metal surface, resulting in higher efficienc.

Conversely, the lower the LUMO energy, the
more readily the molecule accepts electrons.
Inhibitor molecules function to donate their
lone pairs of electrons to the iron metal.
Therefore, more reactive inhibitors are those
with higher HOMO energies and lower LUMO
energies [22].

Based on the data in Table 2, the
EHOMO values of the aza-18-crown-6
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derivative compounds can be sorted from the
highest to the lowest, namely hexaaza-18-
crown-6 (N6) > pentaaza-18-crown-6 (N5) >
tetraaza-18-crown-6 (N4) > triaza-18-crown-6
(N3) > diaza-18-crown-6 (N2) > monoaza-18-
crown-6 (N1). The effect of EHOMO on
corrosion inhibition efficiency can be clarified
by the correlation in Figure 3.

Figure 3 shows the relationship
between HOMO energy and inhibition
efficiency, indicating that a higher HOMO
energy value increases corrosion inhibition
efficiency. This EHOMO value is directly
proportional to the corrosion inhibition
efficiency of aza-18-crown-6  derivatives.
Corrosion inhibition efficiency increases for the
organic inhibitor hexaaza-18-crown-6 (N6),
which has the highest HOMO energy value of -
5.60364 eV. The lowest HOMO energy is for the
organic inhibitor monoaza-18-crown-6 (N1),
which has a HOMO energy value of -6.18814
eV, thus decreasing corrosion inhibition
efficiency.

A high EHOMO energy value indicates
that the organic inhibitor compound is highly
susceptible to excitation to the empty d orbital
on iron. This occurs because organic inhibitors
with a high EHOMO have lone electron pairs,
such as nitrogen atoms (N), which have a high
electron density. Therefore, the electrons from
these compounds can interact with iron,
forming bonds that coat the iron surface,
increasing its corrosion inhibition -efficiency
Therefore, the inhibitor hexaaza-18-crown-6
(N6) has a higher inhibition efficiency
compared to other inhibitors because it is more
easily excited.

Ionization potential is the energy
required to remove one outermost electron
from an atom. lonization potential is used to
measure the reactivity of an atom or molecule.
A high ionization potential value indicates high
reactivity, while a low ionization potential
value indicates low reactivity. Based on Table 2,
the order of ionization potential values from
smallest to largest is hexaaza-18-crown-6 (N6) <
pentaaza-18-crown-6 (N5) < tetraaza-18-crown-
6 (N4) < triaza-18-crown-6 (N3) < diaza-18-
crown-6 (N2) < monoaza-18-crown-6 (N1). The
effect of ionization potential on corrosion
inhibition efficiency can be clarified by the
correlation graph in Figure 3.

Figure 3 shows that ionization potential
has a significant effect on corrosion inhibition
efficiency. The ionization potential is inversely
proportional to the corrosion inhibition

efficiency. The lower the ionization potential,
the higher the inhibition -efficiency, and
conversely, the higher the ionization potential,
the lower the inhibition efficiency. lonization
potential is defined as the amount of energy
required to remove one outermost electron
from an atom. This is certainly related to the
attraction between the nucleus and the electron.
The higher the ionization potential, the greater
the attraction of the electron to the atomic
nucleus, and the greater the energy required for
the electron to escape from its orbit.
Conversely, the lower the ionization potential,
the smaller the attraction of the electron to the
atomic nucleus, and the lower the energy
required for the electron to escape or exit its
orbit, making the molecule more reactive

Table 2 shows that the ionization
potential of the hexaaza-18-crown-6 (N6)
inhibitor is lower, at 5.60365 eV, while the
ionization potential of the monoaza-18-crown-6
(N1) inhibitor is higher, at 6.18814 eV. Based on
these data, it can be predicted that the hexaaza-
18-crown-6 (N6) inhibitor has a higher
inhibition efficiency, allowing electrons to be
easily released to bind to iron compared to the
monoaza-18-crown-6 (N1) inhibitor.
Electronegativity is the ability of an atom in a
molecule to attract electrons into its atomic
structure. Electronegativity is the affinity of an
atom to attract electrons in a bond. A low
electronegativity value makes it easier for a
molecule to reach electron equilibrium, making
it less reactive. A high electronegativity value
indicates a more difficult time for a molecule to
reach equilibrium, making it more reactive [23].

The electronegativity ranking, from
highest to lowest, is hexaaza-18-crown-6 (N6) >
diaza-18-crown-6 > monoaza-18-crown-6 (N1) >
triaza-18-crown-6 (N3) > tetraaza-18-crown-6
(N4) > pentaaza-18-crown-6 (N5). The effect of
electronegativity on corrosion inhibition
efficiency can be clarified by the correlation in
Figure 3. Figure 3 shows that the relationship
between electronegativity and corrosion
inhibition efficiency is not well correlated. Data
in Table 4.2 shows that corrosion inhibition
efficiency increases with the hexaaza-18-crown-
6 (N6) inhibitor, which has a higher
electronegativity value of 2.65909 eV. This
indicates that hexaaza-18-crown-6 (N6) has a
higher electron-attracting capacity than other
inhibitor compounds, and therefore, hexaaza-
18-crown-6 (N6) is a better inhibitor than other
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inhibitors. Meanwhile, several researchers have
stated that low electronegativity values can
cause molecules to more easily reach electron
equilibrium, making them more reactive, and
vice versa. A literature survey found several
deviations in the correlation between
electronegativity and corrosion inhibition
efficiency, =~ making electronegativity = an
unsuitable parameter for determining corrosion
inhibition efficiency.

Electron transfer is the ability to donate
electrons, thus determining the number of
electrons transferred from an organic inhibitor
as a donor molecule to an iron metal as an
acceptor atom. The electron transfer value
significantly influences corrosion inhibition
efficiency. The order of electron transfer values
from highest to lowest is hexaaza-18-crown-6
(N6) > pentaaza-18-crown-6 (N5) > tetraaza-18-
crown-6 (N4) > triaza-18-crown-6 (N3) > diaza-
18-crown-6 (N2) > monoaza-18-crown-6 (N1).

Figure 3 shows that electron transfer
significantly influences the corrosion inhibition
efficiency of aza-18-crown-6 derivatives. This
electron transfer value is directly proportional
to the corrosion inhibition -efficiency. The
higher the electron transfer value, the higher
the corrosion inhibition efficiency. Based on the
data in Table 4.2, the electron transfer value of
the hexaaza-18-crown-6 (N6) inhibitor is higher
at 0.73710 eV, thus having a higher corrosion
inhibition efficiency. Meanwhile, the electron
transfer value of the monoaza-18-crown-6 (N1)
inhibitor is lower at 0.61049 eV, thus having a
lower corrosion inhibition efficiency.

Electron transfer describes the ease with
which a molecule can donate electrons, rather
than measuring the number of electrons
transferred. A molecule's corrosion inhibition
ability increases with the ease with which it
donates electrons to the metal surface, thus
inhibiting the corrosion process. Therefore, the
hexaaza-18-crown-6 (N6) inhibitor has a higher
inhibition efficiency compared to other
inhibitors because it is more readily able to
donate its electrons.

Electrostatic Surface Potential (ESP) Analysis

Electrostatic Surface Potential (ESP) is
the probability of finding an electron at
Cartesian coordinates (x, y, and z) within a
molecule. The electrostatic surface potential is
often associated with electron density. Electron
density is the region where electrons can be

found. Electron density can explain molecular
properties, reactivity, and stability. High
electron density indicates regions with a high
probability of electron occupancy, while the
converse is true for regions with low electron
density, which also have a low probability of
electron occupancy. ESP provides a visual
method for understanding the relative polarity
of a molecule. Red indicates regions with high
electronegativity, such as oxygen (O) and
nitrogen (N) atoms. Yellow represents atoms
with moderate electronegativity. Blue indicates
positive regions for organic inhibitors. The ESP
visualization results for the aza-18-crown-6
derivative compound can be seen in Figure 4.

Figure 4 shows that all organic
inhibitors ~ (monoaza-18-crown-6, diaza-18-
crown-6, triaza-18-crown-6, tetraaza-18-crown-
6, pentaaza-18-crown-6, hexaaza-18-crown-6)
have oxygen and nitrogen atoms with high
electron density in the red region, indicating a
uniform distribution of electrons in the
heteroatom-containing crown ether ring. Based
on the ESP visualization results, hexaaza-18-
crown-6 has a higher electron density than the
other inhibitor compounds. This is evident from
the abundance of red in the crown ether ring,
indicating an electron-rich region or region
with the highest electron density. This region
with the highest electron density is the region
with the highest probability of electrons being
found, making it the most favorable region for
the iron (Fe) metal surface during the
adsorption process.

Monte Carlo Simulation

Monte  Carlo simulations  were
conducted to understand the interaction
mechanism of organic inhibitors and iron metal
surfaces. Previous Monte Carlo studies have
shown a very strong molecular attraction
between organic inhibitors and metal surfaces.
The Monte Carlo simulation process attempts to
find the lowest energy for all systems. The
Monte Carlo simulation process was performed
on organic inhibitors derived from aza-18-
crown-6 compounds, such as (monoaza-18-
crown-6, diaza-18-crown-6, triaza-18-crown-6,
tetraaza-18-crown-6, pentaaza-18-crown-6,
hexaaza-18-crown-6), using 100 water
molecules and an iron metal surface with an Fe
(110) plane. The Monte Carlo visualization
results can be seen in Figure 5.
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Figure 4. HOMO-LUMO and ESP energy visualization of aza-18-crown-6 derivatives
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Figure 5. Visualization Monte Carlo

Table 4 Adsorption energy of Fe(110)/Inhibitor/100H20

Systems Adsorption Energy Adsorption Energy
(inhibitor) kJ.mol-! (H20) k].mol+
Fe(110)/N118C6/100HO -169.4304 -17.7823
Fe(110)/N218C6/100HO -171.8455 -17.3577
Fe(110)/N318C6/100HO -175.3810 -16.7508
Fe(110)/N418C6/100HO -181.3174 -16.4385
Fe(110)/N518C6/100HO -187.4716 -17.2814
Fe(110)/N618C6/100H,O -196.6356 -17.2892

Figure 5 shows that the results of Monte Carlo
simulations with the most stable adsorption
conformation of each organic inhibitor of the
aza-18-crown-6 derivative compound on the
surface of Fe (110) and 100 water molecules.
The distance between atoms in the organic
inhibitor and the metal surface can help to
understand the nature of the adsorption
process. Based on the visualization results, the
structure of the hexaaza-18-crown-6 (N6)

compound is bound very strongly to the surface
of iron metal (Fe) compared to other inhibitors.
This is due to the presence of more nitrogen (N)
heteroatoms in the hexaaza-18-crown-6
compound which can increase the electron
density in its molecular structure, thus
facilitating a greater adsorption process
compared to other inhibitor compounds. The
large adsorption process by the hexaaza-18-
crown-6 ligand on the iron metal surface
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indicates the greater ability of hexaaza-18-
crown-6 in protecting iron metal (Fe) from
corrosive substances in solution than other
inhibitors. Based on Table 4.3, the adsorption
sequence of organic inhibitor compounds on
the surface of iron metal is hexaaza-18-crown-6
(N6) > pentaaza-18-crown-6 (N5) > tetraaza-18-
crown-6 (N4) > triaza-18-crown-6 (N3) > diaza-
18-crown-6 (N2) > monoaza-18-crown-6 (N1).
This sequence is the same or in
accordance with the results obtained from
DFT/B3LYP 6-311G (d,p) quantum calculations
in the solution phase. Organic inhibitors
(monaza-18-crown-6, diaza-18-crown-6, triaza-
18-crown-6, tetraaza-18-crown-6, pentaaza-18-
crown-6, hexaaza-18-crown-6) have lone
electron pairs such as nitrogen atoms (N) in the
cavity of the crown ether ring, so that it can
allow to donate electrons to empty d orbitals on
the Fe (110) surface and can form stable
coordination  bonds. Higher  negative
adsorption energy values indicate more stable
and stronger interactions between organic
inhibitors and iron metal. Based on Table 4.3, it
shows that the adsorption energy value of the
organic inhibitor hexaaza-18-crown-6 (N6) is
obtained at -196.6356 kcal/mol higher to the
metal surface than other inhibitors. So that the
organic inhibitor structure of hexaaza-18-
crown-6 (N6) can cover and form a protective
layer of iron metal that is larger than other
inhibitors from corrosive substances in solution.

Conclusion

The DFT method at the B3LYP level of theory
with the 6-31G(d) basis set was the best method
selected based on validation of the method
comparing the geometric structure and bond
lengths of experimental studies with theoretical
results. The addition of nitrogen heteroatoms
can affect the corrosion inhibition efficiency of
aza-18-crown-6 derivatives. This is because
nitrogen  heteroatoms cause a greater
distribution of electrons in the crown ether ring,
resulting in more electrons being donated to
iron. Quantum parameters indicate that
inhibition efficiency increases with the hexaaza-
18-crown-6 (N6) inhibitor compound, reaching
67.037%.
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