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ABSTRACT

Corrosion inhibitors are widely used to mitigate safety risks and economic losses in engineering, yet post-adsorption processes re-

main underexplored. In this study, we employed density functional theory calculations with a periodic model to investigate the dis-

sociation mechanisms of imidazole on the Fe(100) surface. Imidazole was found to adsorb optimally in a parallel orientation, with an

adsorption energy of —0.88eV. We explored two dissociation pathways: C—H and N—H bond cleavages and found C—H dissociation

having a lower activation barrier of 0.46¢eV. Intriguingly, an alternative indirect route C—H dissociation pathway involving a tilted

intermediate state was found to be competitive. Both indirect and direct C—H dissociation pathways are energetically more favorable

than N—H cleavage. Molecular dynamics simulations reveal that indirect C—H dissociation occurs rapidly. This study proposes an

alternative protective mechanism involving dissociated imidazole inhibitors, offering new insights for corrosion inhibitor design.

1 | Introduction

Corrosion is a widespread and costly issue that affects a wide
range of industries such as infrastructure, transportation, en-
ergy, and manufacturing. The development of effective corro-
sion inhibitors is therefore of paramount importance to mitigate
the economic and structural damage caused by this electro-
chemical process. Extensive scientific and engineering research
efforts have been dedicated to advancing our understanding of
corrosion and developing preventive measures [1, 2]. Among
the various strategies for corrosion mitigation, the utilization of
corrosion inhibitors emerges as a particularly effective method
for protecting metals in industrial environments [3-5]. Organic
compounds containing heteroatoms have been proven as par-
ticularly effective in this role [6-11]. The inclusion of heteroat-
oms in organic corrosion inhibitors enhances their interaction
with metal surfaces, leading to the formation of protective films

and effectively mitigating corrosion, thus making them highly
valuable for ensuring metal durability and longevity in various
industrial applications.

Among the diverse classes of organic corrosion inhibitors, im-
idazole and imidazole derivatives have garnered significant
attention for their outstanding performance [12, 13]. Imidazole
derivatives are effective due to their strong adsorption on metal
surfaces, ability to form protective films, electrochemical sta-
bility, solubility, chemical stability, functional group versatility,
and environmentally friendly nature. Extensive research has
highlighted the effectiveness of imidazole derivatives in pre-
venting corrosion across a range of environments particularly
for iron and carbon steel [14-26].

Density Functional Theory (DFT) under periodic boundary
conditions and Molecular Dynamics (MD) calculations are

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the

original work is properly cited and is not used for commercial purposes.

© 2025 The Author(s). Journal of Computational Chemistry published by Wiley Periodicals LLC.

Journal of Computational Chemistry, 2025; 46:70047
https://doi.org/10.1002/jcc.70047

1of 8


https://doi.org/10.1002/jcc.70047
https://doi.org/10.1002/jcc.70047
mailto:
https://orcid.org/0000-0002-7535-9873
https://orcid.org/0009-0009-3583-7672
mailto:
https://orcid.org/0000-0003-2162-1220
mailto:zhaowngd@gdut.edu.cn
mailto:chmwmw@nus.edu.sg
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjcc.70047&domain=pdf&date_stamp=2025-01-25

powerful computational methods widely used to study the
adsorption properties on metal surfaces and mechanisms
of corrosion inhibitors [27-29]. DFT, a quantum mechani-
cal modeling approach, allows for the precise calculation of
electronic structure, enabling the identification of adsorption
sites, interaction energies, and the electronic properties of
inhibitors at the molecular level. This method provides deep
insights into the chemical bonding and reactivity of imidaz-
ole compounds on metal surfaces. On the other hand, MD
simulations offer a dynamic perspective of the behavior of
inhibitors in various environments over time, helping to un-
derstand diffusion, adsorption dynamics, and the formation of
protective films on metal surfaces. Together, DFT and MD cal-
culations complement each other, providing a comprehensive
understanding of how imidazole and its derivatives function
as effective corrosion inhibitors [11, 14, 15, 20, 30-36], aiding
in the design and optimization of more effective compounds
for industrial applications. It is worth noting that combining
DFT calculations with machine learning-driven quantitative
structure—property relationship (QSPR) models has emerged
as a promising approach for predicting corrosion inhibition
properties [27, 28, 37].

While theoretical studies indicate that imidazole compounds
can significantly enhance the anti-corrosion properties of iron
materials, further research is necessary to identify the most
effective interaction modes and the underlying mechanisms
of anti-corrosion. In particular, there is a significant research
gap in understanding the processes that occur post-adsorption,
specifically the dissociative adsorption behavior of inhibitors.
This study uses imidazole as a test case to explore the inter-
action mechanisms beyond simple adsorption of the corrosion
inhibitor on the iron surface. We investigate the mechanisms
of C—H and N—H bond dissociation in imidazole on Fe(100)
surface using first-principles surface slab-based DFT cal-
culations and DFT-based MD simulations. Additionally, we
perform a comparative study of C2-haloimidazoles adsorp-
tion and dissociation on the Fe(100) surface, building on the
work of Al-Saadi, Wong and co-workers [17]. Previous stud-
ies have primarily focused on the adsorption behavior of C2-
halogenated imidazole and its derivatives on iron surfaces, as
well as the dissociation mechanisms of C-halogenated bonds

(a) Imidazole (b) Fe

[17, 30]. In this study, we comprehensively investigate the po-
tential competitive reaction pathways for C—H and N—H bond
dissociations on the Fe(100) surface, with a particular focus
on both the indirect and direct mechanisms of C2-H dissoci-
ation. Through this theoretical investigation, we propose an
alternative model for corrosion inhibition via the dissociation
mechanism, aiming to bridge the existing knowledge gaps and
enhance the understanding of inhibitor interactions on iron
surfaces.

2 | Computational Methods

All DFT calculations were carried out using the VASP soft-
ware [38], employing Perdew-Burke-Ernzerhof (PBE) func-
tional [39] at the generalized gradient approximation (GGA)
level. We carried out the spin-restricted fashion in this work.
The projector-augmented wave PAW technique [40, 41] was
used here to describe the electron—ion interaction. An energy
cut-off of 400eV was chosen for the plane-wave representa-
tion of the orbitals. First-order Methfessel-Paxton smearing
[42] with a width of 0.2eV was employed to facilitate self-
consistent field (SCF) convergence. For geometry optimiza-
tions, depending on the lattice length, the Brillouin zone was
sampled with a Monkhorst—Pack mesh [43] of 2 X 2x 1 k-points
for the Fe(100) surface. Due to the large unit cell 2x2Xx2nm?
for the molecular species in the gas phase, the corresponding
Brillouin zone was sampled only by I'-point. Convergence cri-
teria were set such that energy changes during self-consistent
field iterations were below 10~*eV, and a force threshold of
2x10~* eV/pm was required for each relaxed atom during
geometry optimization. Transition state (TS) structures were
located using the nudged elastic band (NEB) method, followed
by an application of the dimer method [44].

A periodic model featuring a slab of five closed-packed Fe
atomic layers was used, and a vacuum region generally exceed-
ing 1.7nm between the slabs. In all calculations, the top three Fe
layers together with the adsorbates were allowed to relax, while
the two bottom layers were fixed at bulk-terminated geometry
Fe-Fe=255pm, to mimic the bulk conditions. As illustrated in
Figure 1, the flat terrace of Fe(100) was modeled by a 4 X4 unit

FIGURE1 | (a)Optimized structures of isolated imidazole, (b) iron bulk and (c) surface models of Fe(100). For clarity, the upper layer of Fe atoms

in Fe(100) surface is represented by larger ball size. In the illustrations, Fe is depicted in light blue, C in gray, N in blue, and H in white.
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cell. Various adsorption sites for imidazole were considered, in-
cluding 1 the top site, 2 the bridge site above the midpoint be-
tween nearest-neighbor metal atoms, and 3 the hollow site above
the center of four neighboring atoms.

The adsorption energy AE,,, per imidazole (imi) molecule on
the surface (sur) is defined by

AE, 4, = E[imi / sur| — E[sur] — E[imi]

where Eimi/sur is the total energy of system, E[sur] is the en-
ergy of the pure surface, and E[imi] is the energy of a single
imidazole molecule in the gas phase. For each reaction, we
also calculate the reaction energy AE_ and activation free bar-
rier AE,7,

AE, = E[imi — H /sur] — E[imi/sur] — E[sur]

AE,” = AE(TS) — AE(imi /sur)

All MD simulations were performed at a temperature of 300K,
with a time step of 0.5fs. The Nose-Hoover thermostat was used
to control the temperature of the NVT ensemble [45]. The ini-
tial 500fs of the simulations served as the equilibration period
and was excluded from the data analysis. During the equilibra-
tion run, the imidazole molecule was frozen to maintain the TS
configuration.

3 | Results and Discussion
3.1 | Adsorbed Species on Fe(100) Surface

To investigate the hydrogen removal mechanism in imidazole,
we began by analyzing the key structural characteristics of both
adsorbed and dissociated imidazole, that is, co-adsorbed C,N,H,
and H on the Fe(100) surface. We first examined the optimized
final structures (FS) of the products resulting from C—H disso-
ciation FS. and N—H dissociation FS Figure 2. Following
this, we evaluated the general trends in reaction energies and
activation barriers to identify the preferred dissociation pathway
for imidazole on the Fe(100) surface.

We begin by examining several potential adsorption structures
of imidazole on the Fe(100) surface. Three primary adsorption
conformations were identified: parallel, perpendicular, and ti-
tled structures, with corresponding adsorption energy of —0.88,
—0.79, and —0.66€eV. As with in other theoretical studies on
adsorption geometries aromatic molecules on metal surfaces
[17, 32, 46, 47], the parallel configuration is the most stable ad-
sorption geometry. This parallel conformation IS, and the
titled mode IS, together with their initial structures (IS), are
shown in Figure 2.

It is also insightful to examine the adsorption energies of imidaz-
ole on other iron surface facets, specifically Fe(110) and Fe(111).
The calculated adsorption energies of the parallel and titled con-
figurations on these two facets are —0.50 and —0.85¢eV and —10.5
and —0.97eV, respectively. In comparison, the Fe(100) facet
exhibits moderate surface energy, ranges from —0.6 to —0.8¢V,
higher than the stable Fe(110) surface but lower than the reactive

FIGURE 2 | Optimized structures of the most favorable initial state
IS_ . and IS

para tit

and N—H FS;, cleavage of imidazole on the Fe(100) surface, with key

, and the corresponding dissociated states of C—H FS_

structural parameters given in A.

Fe(111) surface, making Fe(100) an intermediate case, balanc-
ing stability and reactivity. This balance makes it particularly
suitable for studying the adsorption behavior of inhibitors and
the early stages of corrosion. Furthermore, the Fe(100) surface
provides more uniform and accessible active sites for adsorption
compared to other facets. Based on these considerations, the
Fe(100) surface was selected for further calculations to facilitate
a more detailed investigation of imidazole dissociation.

InthelS  , configuration, imidazole adsorbs parallelly to the
surface with N1, N2, and C2 atoms numbering of the imid-
azole atoms are given in Figure 1a bonded to the surface Fe
atoms, with C—Fe=2.04A and N—Fe=2.06 A. Both C1 and
C3 atoms are located on the same Fe site, consistent with the
previous theoretical finding [30]. In the titled structure in
Figure 2, an ~45° angle is observed between the imidazole
molecule and the Fe surface. Notably, one of the H atoms ap-
proaches the Fe surface, forming a H—Fe bond of 1.85A. It
is interesting to note that the C2—H bond length in the titled
mode (1.17 A) is significantly longer than that of the parallel
configuration (1.09 A).

Based on the geometries of the dissociated imidazole, that is,
co-adsorbed C,N,H, and H in Figure 2, we can determine the
reaction energy of imidazole dissociation on Fe(100). For the
product of C—H dissociation, the dissociated H atom prefer-
ably occupies the bridge site while the C,N,H, species plane
is almost perpendicular to the surface. In the case of N—H
dissociation, the C;N,H, species also preferentially adsorbs
at a site similar to that of the intact imidazole molecule and
the H atom favoring the bridge site. Notably, after either C—H
dissociation or N—H dissociation, the C,N,H, species moves
close to the surface with significantly shorter C—Fe/N—Fe
bond length of 1.98/1.99 A. This clearly indicates the forma-
tion of stronger C/N—Fe chemical bonds compared to those in
the adsorbed imidazole.
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3.2 | Imidazole Dissociation on Fe(100) Surface
3.2.1 | Direct Dissociation

To gain deeper insights into the mechanism and kinetics of im-
idazole dissociation, we examined the direct cleavage of C2—H
and N1—H bonds on iron surface. The calculated reaction en-
ergies E /eV and activation barriers are summarized in Table 1.
Both direct dissociations of C2—H and N1—H in imidazole are
exothermic, with calculated reaction energies of —0.63 and
—0.44eV, respectively, indicating the feasibility of imidazole
dissociation on the Fe(100) surface, without considering the
entropic contribution. The resulting dissociated structure of co-
adsorbed C2 dehydrogenated imidazole is a more stable species
on the iron surface than N1 dehydrogenated counterpart.

Furthermore, we examined the TSs for C2—H and N1—H bond
cleavages of imidazole on Fe(100) to elucidate the kinetics of im-
idazole dissociation. The schematic dissociation energy profiles
are shown in Figure 3a. The calculated barrier of C2—H bond
cleavage is 0.46, 0.30eV lower than that of N1—H bond breaking.
It is important to note that the activation barrier of ~0.5eV can
be readily overcome at room temperature. In the TS,;, the C—H
bond breaking distance is 1.79A, while the H atom attaches
to the nearest surface Fe atom at a distance of 1.61 A distance.
Notably, the N1, C2, and C3 atoms in TS_,; move upward from
the parallel orientation, leading an angle of ~70° between the
imidazole backbone and the Fe surface (Figure 3b). Conversely,
in TSy, the N—H bond breaking distance is 1.53 A, with the H
atom positioned on its nearest surface Fe atom at a distance of
1.70A. Unlike TS,y all five imidazole backbone atoms in TS
remain parallelly adsorbed to the surface (see Figure 3b).

3.2.2 | Indirect Dissociation via Titled Structure

The direct dissociation calculations indicate that the cleavage of
the C2—H bond is more favorable than that of the N1-H bond.
It is instructive to consider also whether an alternate route ex-
ists that can facilitate the C2—H bond cleavage. We explored
an indirect dissociation mechanism, which involves an initial
transformation from a parallel to a tilted imidazole adsorption
structure, followed by the cleavage of the C—H bond. We did not

TABLE1 | Calculated reaction energies E, /eV and activation barriers
E,/eV for the C—H and N—H dissociation of imidazole on Fe(100),
together with the key parameters of dy; A in TS between H atom of
imidazole and its nearest Fe atom trapping the hydrogen on the surface.

Reaction E, E, dy.cn
Direct
C2—H —-0.63 0.46 1.79
N1—H —0.44 0.76 1.53
Indirect
Trans? 0.16 0.40 —
C2—H -0.71 0.01 1.21

aTransformation from the parallel to tilted adsorption structure.

investigate the indirect dissociation of N—H bond, as it is likely
a high-energy process due to the N—H bond being positioned
too far from the Fe surface in the tilted adsorbed structure. It is
noteworthy that Kokalj and co-workers [48] have demonstrated
that on copper surfaces, imidazole can undergo dissociative ad-
sorption through cleavage of either the C—H bond in an upright
adsorbed geometry or the N—H bond in a lying down adsorbed
geometry.

Asevidenced in Table 1 and Figure 4a, the transformation from
parallel to tilted imidazole is a slightly endothermic process
0.16eV. However, the predicted activation barrier of 0.40eV
can be easily surmounted at room temperature. In the opti-
mized TS1 geometry (see Figure 4b), the imidazole backbone
lifts from the parallel mode, causing the bond breaking of N1,

0.0 = -\ TS
(a) -02— DR | /—\
> -0.4 ] \\\ 5076 ”I, *\\
3 -06: \‘ E i r" H \\ \\
5 0.8 SO et 0460 NN
g el BLS i — y . .
LL) '1.0‘-' lSpam \\ \\
< -1.2 L FS
-1.6- ====NH i
(b)o TScu TSnu

FIGURE3 | (a)Schematicenergy profiles for C—H and N—H directly
dissociation in imidazole on Fe(100) surface. (b) Optimized TS geome-
tries of C—H TS_;; and N—H TS, dissociations.

(@) _8:(2)_' &
-0.4 1 )
—0.6-_ s 0SS
-0.8 - Y

—]0" ISpara )
12 |
_]4.: “FS
-1.6

O TS1

A Energy/eV

(b)

FIGURE4 | (a)Energy profiles for indirect C-H dissociation in imid-
azole via the titled intermediate on Fe(100) surface; (b) Calculated TS1
for transformation from parallel to tilted structure, and TS2 for C—H
cleavage in the titled imidazole on Fe(100).
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C1, and C3 atoms with the Fe surface. Importantly, both N2
and C2 atoms are still bonded with the Fe surface, resembling
the tilted adsorption mode. Notably, there is no dissociation of
the C1—H bond at this step, with the bond length remaining at
1.15A. In the subsequent step involving C2—H bond cleavage,
the tilted configuration is highly susceptible to dissociation.
The calculated activate barrier is very low ~0.01 eV and the re-
action is exothermic by 0.71 eV, consistent with previous study
on copper surface [48]. As shown in Figure 4b, the calculated
C—H bond distance in TS2 is 1.21 A, slightly longer than that
of the adsorbed imidazole/Fe(100) system 1.17 A, whereas a
shorter value of 1.09 A is in the isolated imidazole molecule.
This clearly indicates that the C2—H bond dissociation in the
titled mode is imminent.

In summary, our computational results indicate that the C2—H
dissociation of imidazole is significantly favored over N—H dis-
sociation on Fe(100) surface Figure 3a. The overall dissociation
energetics is summarized as follows: (i) The adsorption of im-
idazole on Fe(100) IS 0 18 exothermic, with an adsorption en-
ergy of —0.88¢eV. (ii) The calculated activation barriers of C2—H
and N—H cleavages are 0.46 and 0.76 eV, respectively. (iii) The
final state of co-adsorbed C2-dehydrogenated imidazole is more
stable than that of the N1-dehydrogenated product. (iv) The in-
direct C2—H fragmentation of imidazole through the titled in-
termediate offers a more competitive pathway than the direct
dissociation, aligning with the findings of a previous DFT study
by Kokalj [30].

3.2.3 | Molecular Dynamics Simulations

As demonstrated in our NEB studies, the dissociation of the
C2—H bond is more favorable than that of the N1—H bond. To
further explore the favorable C—H dissociation reaction, MD
simulations were conducted. Since ab initio MD simulations
starting from the most stable parallel structure and conducting
them for C2—H bond dissociation is a computationally demand-
ing process. To circumvent this challenge, the MD simulations
were carried out by considering the titled imidazole mode on
Fe(100) as the starting point.

Figure 5 depicts the time evolution of the C2—H bond dissoci-
ation of imidazole during the MD simulation. The C2—H dis-
sociation was observed to occur within 2 ps. We also examined
snapshots taken at various time intervals along the trajectory.
Notably, the C2—H bond breaks on Fe(100) surface in a short
time of 920fs, followed by the separation of dissociated hydrogen
from imidazole, which occurs after 1.5ps. The MD results here
align with previous study on C2-halogenated imidazoles [17],
confirming that the tilted conformation is kinetically unstable,
leading to easy cleavage of the C—H bond. It is worth noting that
Kokalj hypothesized that this layer of dissociated products is the
key factor responsible for the corrosion inhibition properties of
imidazole [30].

What is the physical origin of the favorable C—H dissociation
in imidazole? To further understand the dissociation mecha-
nism of the tilted configuration of imidazole adsorbed on the
Fe(100) surface, projected density of states PDOS was calcu-
lated as shown in Figure 6. The DOS curves of the Fe, ; atom,

C2-H distance, A

T T T T T T T
0 250 500 750 1000 1250 1500 1750 2000
Simulation time, fs
FIGURE 5 | The time evolution of C2—H bond distance during the

MD simulations. Snapshots depict various conformations sampled
throughout the trajectory.

DOS(arb.unit)

-3 -2 -1 0 1 2 3 -4
Energy (eV)

FIGURE 6 | The projected density of states PDOSs for the C, and H,
atom of the imidazole, surface Fe, ; and Fe 4 atoms. C.: Which is bound-
ed to the surface; H,: Which is bound with C, atom; Fe, ;: The surface Fe
atoms in the left row bonded with imidazole; Fe,: The surface Fe atoms
in the right row bonded with imidazole.

which is bound to imidazole on the left side of Fe(100) surface,
and the Fe ¢ atom, which is bound to imidazole on the right
side, are very similar. The DOS peak at the valence band clos-
est to the Fermi level is situated approximately at —0.5eV. The
high degree of electron hybridization indicates a strong bond-
ing interaction between the surface Fe atoms and the adsorbed
imidazole.

For the C—H bond adsorbed on the surface of Fe(100), C6 atom
displays significantly higher activity compared to H4 atom,
showing a greater degree of electron hybridization with surface
Fe atoms than that of H atom. This observation indicates that
the C atoms readily form bonds with Fe atoms, rendering C—H
dissociation more prone to occur. This is further supported by
the weaker C2—H bond length (1.17 A) of the titled configuration
compared to the parallel structure (1.09 A), which support the
enhanced activity and dissociative propensity of this bond. This
finding aligns with computational results obtained from energy
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SCHEME1 | Schematic illustration of dissociated imidazoles as cor-
rosion inhibitors.

profiles and MD simulations, elucidates the relative ease of bond
dissociation compared to the parallel structure.

3.2.4 | Alternate Model for Corrosion Inhibition

We believe our theoretical findings here not only elucidate the
microscopic mechanism of imidazole as a corrosion inhibitor
but also provide an alternative model for corrosion inhibition
through molecular dissociation Scheme 1. In this model, when
imidazole molecules adsorb onto the iron surface, C—H dissocia-
tions occur readily, leading to strongly bounded dehydrogenated
species that remain on the surface. These dissociated products
are predicted to create a robust protective film over the iron, ef-
fectively blocking corrosive agents from penetrating the metal
surface. A similar corrosion model was proposed in a combined
theoretical and experimental study of the adsorption behavior
and corrosion inhibition mechanism of 2-halo-1H-imidazoles
[17]. The authors concluded that the tilted conformation of C2-
haloimidazole is kinetically unstable, leading to rapid C-halogen
bond fragmentation, lead to a tightly adsorbed layer on the iron
surface due to halogen-metal interactions. This insight is essen-
tial for advancing the screening, design, and development of
the next-generation corrosion inhibitors. By understanding the
dissociation-based inhibition mechanism, we can better predict
the performance of potential inhibitors and tailor molecular
structures to enhance their protective capabilities. This model
not only provides a deeper understanding of imidazole's inhib-
itory properties but also offers a framework for exploring other
compounds that may operate through similar dissociation-
driven mechanisms.

4 | Conclusion

In this study, we utilized state-of-the-art first-principles surface
slab calculations and DFT-based MD simulations to investigate
the adsorption of imidazole on the clean Fe(100) surface and the
dissociation pathways of the adsorbed molecules at a molecular
level. We identified three main adsorption conformations: par-
allel, perpendicular, and tilted, with the parallel structure being
the most stable E,;=-0.88eV. The geometries of the imidazole
dissociation products indicate stronger C—Fe and N—Fe chemical
bonds compared to the corresponding adsorbed imidazole. We
considered two possible pathways for the dissociation of imidazole
on the Fe(100) surface: direct and indirect dissociation. Previous

research has primarily explored on the adsorption behavior of C2-
halogenated imidazoles on iron surfaces, the dissociation mech-
anisms of C-halogenated bonds, and the adsorption behaviors of
various organic compounds [17, 30]. In contrast, our study reveals
the dissociation mechanisms of C—H and N—H bonds on the
Fe(100) surface, emphasizing that the indirect C2—H dissociation
pathway, via a titled intermediate state, is energetically more fa-
vorable. For direct dissociation, the reaction energies for C—H and
N—H cleavages are —0.63 and —0.44 eV, respectively, indicating an
exothermic process. The calculated C—H bond dissociation barrier
is 0.46eV, which is 0.3eV lower than that for the N—H bond rup-
ture on the Fe(100) surface, showing that the C2—H bond is easier
to dissociate than the N1—H bond. Additionally, we examined an
indirect pathway for imidazole C—H bond dissociation, involving
a transformation from a parallel structure to a tilted imidazole ad-
sorption structure, followed by C—H cleavage. Our computational
results indicate that the transformation from parallel to tilted
imidazole can readily occur at room temperature, making the
C2—H bond dissociation likely under the tilted structure. MD sim-
ulations further confirmed the favorable indirect process via the
tilted intermediate in a short time. In summary, C2—H dissocia-
tion is more favorable than N1—H cleavage on Fe(100), and the co-
adsorbed C2 dehydroimidazole structure is more stable. Based on
the calculated dissociation energetics, we proposed an alternative
protective mechanism involving dissociated imidazole inhibitors.
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