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Abstract: This research evaluates the inhibitory effect of L-amino acids (AAs) with different side
chain lengths on Fe surface implementing Monte Carlo (MC) simulation. A quantitative and
qualitative description of the adsorption behavior of AAs on the iron surface has been carried out.
Calculations have shown that the absolute values of the adsorption energy of L-amino acids
increase with side chain prolongation; they are also determined by the presence of heteroatoms.
AAs from nonpolar and basic groups have the best adsorption ability to the iron surface, which
indicates their highest inhibitory efficiency according to the results of MC simulation.

Keywords: corrosion; amino acids; inhibitors; steel; iron; Monte Carlo simulation.

1. Introduction

The effectiveness of a particular inhibitor depends on many parameters, such as the
composition of the corrosive medium, pH value, temperature, contact time, chemical nature of the
inhibitor, type of surface, etc. [1-3]. Recently, there has been a boost in the number of inquiries where
theoretical methods based on quantum mechanical and molecular simulation are applied to
determine the nature of the molecular interaction of inhibitors with a metal surface and to assess
their effectiveness based on these data. These methods allow determining not only the mechanism of
inhibitor adsorption on the metal surface (by identifying nucleophilic attack and electrophilic attack
atomic centers that exchange electrons with the metal), but also how corrosive ions penetrate
through inhibitor films formed on the metal [4-8]. This gives the possibility of computational
predictive evaluation of a wide class of compounds to identify molecular structures with evident
inhibitory properties.

The aim of this work is to carry out a systematic comparative theoretical survey of the
adsorption behavior of L-amino acids (AAs) on the iron surface to identify promising candidates for
the role of effective iron corrosion inhibitors using the Monte Carlo simulation.

2. Computational details

AAs structures have been taken from the public repository for chemical structures and their
bioactivities by the National Center for Biotechnology Information (NCBI) [9]. The Fe (100) surface
was selected to model the adsorption behavior of amino acids. An 8x8 Fe (100) surface consisting of 8
atomic layers was created based on a pre-optimized bulk structure with a lattice constant of 2.82 A
[10]. A vacuum layer of 30 A was applied in the cells to exclude the influence of atomic layers
associated with imposed periodic boundary conditions.

The adsorption behavior of AAs on the iron surface in the gas phase was investigated by Monte
Carlo simulations employing the Adsorption Locator module of Material Studio software [11]. The
adsorption locator determines the configuration of the adsorbed L-amino acid based on the
Metropolis algorithm [12]. The search for the global minimum is based on the metaheuristic
algorithm simulating annealing with automated temperature control and the following parameters:
10 temperature cycles with 100,000 steps for each [13,14]. The COMPASS force field was employed
to optimize the structure of L-amino acids in the search for the minimum energy [15]. The Ewald
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summation method [16] was applied to describe the electrostatic interaction with an accuracy of 10-
kcal/mol. Van der Waals interaction energies were calculated implementing the Atom-based method
with a cubic spline truncation and cut off distance of 18.5 A.

3. Results and discussion

The investigation of the adsorption behavior of L-amino acids on the Fe (100) surface has been
carried out by the Monte Carlo (MC) method in the gas phase. Evaluation of the corrosion inhibition
efficiency AAs is based on the analysis of the adsorption energy (Eads) of equilibrium low-energy
configurations of the structure. The influence of the side chain type on the equilibrium configuration
of L-amino acids during adsorption on the iron surface was determined on the basis of E,45 using
the following formula:

Equas = Er- (Eq + Eg),

where E, 45 is the energy of the substrate-adsorbate configuration, Er is the total energy of the
system “L-amino acid/Fe(100) surface”, E4, and Eg are the energy of the inhibitor molecule and of
the iron surface, respectively. The results of calculating E,g4 are submitted in the diagram in Fig. 1.
All values of the adsorption energies are negative, which means that the process can proceed
spontaneously. The highest negative adsorption energy indicates the system with the most stable
coating. In accordance with the AAs classification by the side chain type, the calculation results
manifested in Fig. 1 are divided into 4 groups: nonpolar, polar, acidic and basic [17]. In each group,
an increment in the absolute value of the adsorption energy of an amino acid on the Fe (100) surface
is observed, due to a side chain prolongation and the number of heteroatoms. Thus, an increase in
the side chain length, which correlates with the values of the adsorption energy of L-amino acids,
indicates a multiplication of the number of the adsorption centers for the formation of bonds with
the metal surface.
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Figure 1. The adsorption energy (Eads) obtained from Monte Carlo simulations of L-amino acids on
Fe (100) surface in gas phase.
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The molecular structure of the side chain affects the nature of the formed bonds of L-amino acid
with the metal surface and the affinity for it. The calculation demonstrated (Fig. 1) that the
maximum absolute value of the adsorption energy of L-amino acids on the Fe (100) surface in
accordance with the side chain type classification increases in the following sequence: Glu (acidic) <
GIn (polar) < Trp (nonpolar) < Arg (basic). L-amino acids from nonpolar and basic groups have the
best adsorption ability to the iron surface, which indicates their highest inhibitory efficiency
according to the results of MC simulation.

4. Conclusions

In this work, we performed a comparative systematic analysis of the inhibitory effect of
L-amino acids with different side chain lengths on the Fe (100) surface in the gas phase. Monte Carlo
simulations have proved that AAs can be absorbed onto the iron surface, maximizing the number of
bonds formed by being horizontally positioned. The absolute values of the energy of adsorption of
these inhibitors on the Fe (100) surface increase with the side chain prolongation and the number of
heteroatoms in it. The findings of theoretical studies have demonstrated the promising nature of
using L-amino acids from nonpolar and basic groups as effective inhibitors of iron corrosion.
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