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A B S T R A C T

This study investigates the corrosion inhibition potential of 7-(acetohydrazide-2-yloxy)-4-methylcoumarin 
(AMC) in 1.0 M HCl, emphasizing its efficiency at varying concentrations. The inhibitory performance was 
evaluated using potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) to assess the 
effectiveness of AMC’s in mitigating mild steel corrosion. The results revealed that AMC exhibited a peak in
hibition efficiency of 90.7 % at 0.5 mM, demonstrating its exceptional protective ability. The adsorption process 
was found to follow the Langmuir model, confirming the formation of a stable monolayer on metal surface. To 
gain deeper insights into the inhibition mechanism, Density Functional Theory (DFT) calculations were per
formed, revealing key electronic structure parameters and adsorption behavior of AMC at the molecular level. 
The findings highlight AMC a highly efficient and environmentally viable corrosion inhibitor in HCl solution, 
offering strong adsorption capabilities and long-term stability.

1. Introduction

Corrosion significantly impacts various industry sectors, particularly 
those operating under acidic conditions [1–3]. One of the most suc
cessful and cost-effective techniques for reducing corrosion is the use of 
corrosion inhibitors [4,5]. Corrosion inhibitors can be classified broadly 
as inorganic and organic. The inorganic inhibitors, commonly known to 
contain chromium, molybdenum, and nitrites, are capable of providing 
effective passive film protection on the surfaces of metals [6,7]. How
ever, the health and environmental issues that some inorganic inhibitors 
pose have intensified research efforts for the so-called greener, safer 
alternatives. Organic inhibitors, characterized by their diverse chemical 
structures, have received considerable attention due to their high effi
ciency and eco-friendliness. Compounds containing nitrogen (N), oxy
gen (O), sulfur (S), and phosphorus (P) atoms have been found with 
excellent corrosion inhibition properties by the formation of stable 
complexes with metal surfaces [8–10]. Among these, a promising class 
of organic inhibitors includes coumarin derivatives [11–13]. Coumarins 

are compounds containing a benzene ring together with an α-pyrone 
moiety and have multiple functionalities, resulting in strong adsorption 
onto metal surfaces, thus reducing corrosion [14–16]. Within corrosion 
science, Density Functional Theory (DFT) has become an invaluable 
computational tool in understanding the molecular mechanisms of 
corrosion inhibition.

The metal structures might be said to be significantly exposed 
because of the presence of thin electrolyte films and exposure to cor
rosive gases on the metallic surface. The possibility for the trans
formation of metallic particles to oxide or salt structures is high in 
moisture conditions. More specifically, for metals such as steel, the 
presence of ionic moisture content creates a situation that is very 
dangerous for the metal structures during the corrosion attack [17,18]. 
Corrosion occurs due to the differences in chemical compositions on 
different parts of the metal surface. Thus, it can be concluded that 
metallic surfaces in structural and construction applications are exposed 
to saline, acidic, or alkaline moisture which creates conditions that 
accelerate the significant economic losses caused by corrosion. A classic 
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example is the introducing of bent steel metals from salty water or dry 
spaces into an environment with humid or moister conditions, bringing 
about corrosion effects on the steel metals. Such conditions can bring 
about localized corrosion in metal materials because of barriers formed 
at local spots where small moisture can collect. These localized areas do 
not come into the full air zone when the area with moisture is covered. If 
such conditions are aggravated with poor drainage systems, local 
cathodic and possibly hydrogen sulfide systems can evolve with barriers 
within metals [19–21]. The DFT has a lot of depth in inhibitor-metal 
interaction in terms of electronic structures then adsorption energies 
and charge transfer processes. All these features then allow the rational 
design of newer inhibitors possessing better performances [22–24]. 
Whereas significant advancements in the field of corrosion inhibition 
have been noted, an exploration still has to be on the new inhibitor 
molecules as well as assessing their action in different conditions. 
Therefore, this research looks into the efficiency of inhibition against 
corrosion of AMC, which is an example of a derivative of coumarins, on 
mild steel when it is in an acidic medium. This study combines both 
experimentation and theoretical calculations in the field of development 
and formulation of simple as well as environmental-friendly corrosion 
inhibitors.

New corrosion inhibitors need to be developed because the corrosion 
problem is still very active in many industries. Significant corrosion, for 
example, due to acidic action, is still damaging metals, causing failures 
in strength, revenue losses, and loss of safety. While conventional in
hibitors have been widely used for many years, numerous inorganic 
inhibitors are damaging to health and the environment, making them a 
less attractive choice to be used for their particular purposes. This in
terest is now growing into organic inhibitors which are safer and often 
more environmentally friendly, however, their efficiency and applica
bility require further exploration in terms of efficiency and application 
under varying conditions. Therefore, there is a critical need to find and 
formulate new inhibitors that would be useful in corrosion protection 
but also fulfill environmental and economic sustainability criteria. This 
gap can be fulfilled with the help of understanding new corrosion- 
resistant compounds and using advanced techniques for rational un
derstanding of their inhibition mechanisms. The current study addresses 
one major gap regarding corrosion inhibition performance of AMC in a 
1.0 M HCl solution. With the systematic examination of AMC concen
tration effects on inhibition efficiency, this study aims to give rich 
insight into the anticorrosion potential application of AMC. Experi
mental methods that include potentiodynamic polarization (PDP) curves 
and electrochemical impedance spectroscopy (EIS) coupled to theoret
ical knowledge from Density Functional Theory (DFT) calculations 
provide a comprehensive angle on the corrosion inhibition mechanism 
of AMC (Fig. 1). Such understanding will favor advancements in the field 
of corrosion science and engineering.

2. Materials and methods

1.1. Synthesis of Inhibitor

The inhibitor, AMC was synthesized following the methodology 
described by Hamdi et al. [25].

2.1. Materials

Mild steel coupons obtained from Metal Samples Company, were 
used as the working electrodes in the current investigation. The chem
ical composition of the mild steel coupons, presented in weight per
centage, is presented in Table 1. Before experimentation, the mild steel 
coupons were cleaned according to the standard method G1–03/ASTM 
[26,27].

The working electrode used was a mild steel sample with dimensions 
of 1 cm × 1 cm. The electrode surface was polished sequentially using 
silicon carbide abrasive papers of different grades (from 400 to 1200 
grit) to obtain a mirror-like surface. After polishing, the electrode was 
with distilled water, degreased with acetone, and dried. The pre-treated 
electrode was then immediately immersed in the test solution to prevent 
contamination. A 1.0 M HCl solution was prepared using analytical- 
grade hydrochloric acid and distilled water. AMC was prepared in the 
acidic solution at varying concentrations (0.1, 0.2, 0.3, 0.4, and 0.5 mM) 
to study its inhibition performance. The working electrode was 
immersed in the test solution containing AMC for 30 min before mea
surements to ensure the formation of an adsorption layer on the elec
trode surface. All experiments were performed under controlled 
temperature conditions of 303 K using a thermostatic water bath. After 
each measurement, the electrodes were carefully removed, rinsed with 
distilled water, dried, and stored in a desiccator for subsequent analysis.

2.2. Electrochemical measurements

Electrochemical impedance spectroscopy (EIS) measurements were 
conducted in aerated, unstirred 1.0 M HCl solutions containing various 
concentrations of the inhibitor. These measurements were performed at 
steady-state corrosion potential using a Gamry water-jacketed glass cell 
equipped with three electrodes: a working electrode (mild steel spec
imen), a counter electrode (graphite bar), and a reference electrode 
(saturated calomel electrode, SCE). The electrochemical measurements 
were carried out using a Gamry REF 600 Potentiostat/Galvanostat/ZRA 
model and monitored with Gamry’s DC105 and EIS300 software. For the 
EIS experiments, an AC signal with a peak-to-peak amplitude of 5 mV at 
the corrosion potential was applied over a frequency range of 100 kHz to 
0.1 Hz. The impedance data were analyzed and fitted to appropriate 
equivalent circuits (ECs) using the Gamry Echem Analyst program. To 
ensure a stable potential, all electrochemical tests were started 30 min 
after electrode immersion in the solution. Each experiment was repeated 
three times under identical conditions, and only the average data were 
reported reproducibility and accuracy of the results [28].

2.3. Density functional theory (DFT) computations

To complement the experimental results, quantum chemical calcu
lations were performed to analyze the electronic structure and chemical 
reactivity of the AMC molecule. DFT computations were conducted 
using ChemOffice software, employing Becke’s three-parameter hybrid 
functional (B3LYP) with the Gaussian 03 software and the 6–31G 
reference basis set. Key quantum chemical parameters, including the 
energy gap (ΔE), fraction of electron transfer (ΔN), dipole moment (μ), 
ionization energy (I), electron affinity (A), absolute electronegativity 
(χ), hardness (η), and softness (σ), were determined for AMC in the gas 
phase [29–31]. These parameters were calculated using the following 
equations (Eqs. 1–6): 

I = − EHOMO (1) 

A = − ELUMO (2) 

χ =
I + A

2
(3) 

Fig. 1. The chemical structure of AMC.
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η =
I − A

2
(4) 

σ =
1
η (5) 

ΔN =
χFe − χinh

2(ηFe + ηinh)
(6) 

where χFe is the electronegativity of iron and ηinh is the hardness of 
iron. It was reported that χFe, was of 7 eV/mol, whereas ηFe was 0 eV/ 
mol [31].

3. Results and discussion

3.1. Chemistry

The synthesis of AMC involves a straightforward two-step process, as 
depicted in Fig. 2. The first step involves the esterification of 7-hydroxy- 
4-methylcoumarin (compound 1) using ethyl bromoacetate in the 
presence of anhydrous potassium carbonate (K₂CO₃). Dry acetone is used 
as the solvent under reflux conditions, ensuring full esterification of the 
hydroxyl group, yielding intermediate compound 2. Compound (2) 
undergoes a nucleophilic substitution reaction with hydrazine hydrate 
(N₂H₄) under reflux, to form the target compound (Fig. 2).

3.2. Electrochemical measurements

3.2.1. Electrochemical impedance spectroscopy (EIS) measurements
The corrosion behavior of mild steel in a 1.0 M HCl solution at 303 K 

both in the absence and presence of varying concentrations of AMC was 
analyzed through Electrochemical Impedance Spectroscopy (EIS). The 
Nyquist plots, presented in Fig. 3, display a series of semicircles, char
acteristic of electrochemical processes at the metal-solution interface. 
The diameter of each semicircle is directly correlated with the charge 
transfer resistance (Rct), a critical parameter for evaluating corrosion 
inhibition efficiency. The experimental data, summarized in Table 2, 
demonstrate that AMC addition significantly enhances impedance, 
signifying improved corrosion resistance of mild steel. This enhance
ment results from the formation of a protective adsorption layer on the 
metal surface, effectively mitigating the corrosive effects of HCl. The 
inhibition efficiency (IE%) of AMC was calculated using Eq. (7): 

IE(%) =
Ro

ct − Rct

Ro
ct

×100 (7) 

Where Ro
ct and Rct are the charge transfer resistances in the absence 

and presence of AMC, respectively.
As presented in Table 2, inhibition efficiency increases with rising 

AMC concentration. Specifically, the efficiency improves from 83.1 % at 
0.1 mM to 89.5 % at 0.5 mM. This trend underscores the high perfor
mance of AMC as a corrosion inhibitor, particularly at elevated con
centrations. The findings confirm that AMC effectively establishes a 
stable and protective adsorption layer protective barrier on the metal 
surface, significantly reducing the corrosion rate [32–34].

As shown in Table 2, the charge transfer resistance (Rct) values in
crease with elevated AMC concentrations. The Nyquist plots in Fig. 3
exhibit well-defined semicircles, whose diameters expand progressively 
with increasing AMC concentrations. This behavior confirms that AMC 
improves charge transfer resistance, thereby reducing the corrosion rate 
[34].

The capacitive behavior of the double layer at the metal-solution 
interface is represented by Constant Phase Element (CPEdl) in the 
equivalent circuit model schematically illustrated in Fig. 4. This model 
was employed to fit the impedance data, providing a realistic repre
sentation of the electrochemical processes occurring at the interface 
[35].

From this perspective, EIS results confirm that AMC significantly 
improves the corrosion resistance of mild steel in 1.0 M HCl, based on 
EIS results. The increasing Rct values at higher AMC concentrations 
correspond to increased inhibition efficiencies, reaching a maximum of 
89.5 % at 0.5 mM, indicating that it could be an effective corrosion 
inhibitor for mild steel in acidic environments. Moreover, the Nyquist 
plots further validate the equivalent circuit model, confirming its ability 
to accurately capture the electrochemical processes, reinforcing the 
proposed protective mechanism of AMC.

3.2.2. Polarization measurements
The polarization behavior of mild steel in a 1.0 M HCl solution, with 

and without various concentrations of AMC, is illustrated in Fig. 5. The 
polarization curves provide critical insights into the electrochemical 
processes at the metal surface, particularly the anodic and cathodic re
actions governing corrosion [35]. Key polarization parameters derived 
from the potentiodynamic polarization curves are summarized in 
Table 3. These include the corrosion current density (icorr), corrosion 
potential (Ecorr), anodic Tafel slope (βa), and cathodic Tafel slope (βc). 
These parameters were determined by locating the intersection of 
anodic and cathodic Tafel lines at the corrosion potential. The icorr 
values quantify the corrosion rate. As shown in Table 3, the presence of 
AMC significantly decreases icorr, from 644.8 μA/cm2 in the absence of 

Table 1 
Chemical Composition of Mild Steel Coupons (wt%).

Element Carbon Manganese Silicon Aluminum Sulfur Phosphorus Iron

Percentage 0.210 0.050 0.380 0.010 0.050 0.090 Balance

Fig. 2. Synthesis route for AMC.
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AMC to just 61.1 μA/cm2 at the highest concentration of 0.5 mM. This 
substantial reduction in icorr indicates that AMC effectively inhibits mild 
steel corrosion in 1.0 M HCl. The progressive decline in icorr with 
increasing AMC concentration is attributed to the formation of a pro
tective adsorption film on the steel surface, which impedes the elec
trochemical reactions driving the corrosion process [36]. The Ecorr 
values provide insights into the electrochemical influence of AMC. As 
seen in Table 3, the addition of AMC results in a positive shift in Ecorr, 
from − 0.51 V (SCE) in the absence of AMC to − 0.48 V (SCE) at 0.5 mM. 
This positive shift suggests that AMC decreases the electrochemical 
driving force for anodic metal dissolution, acting as a protective agent. 
However, since the Ecorr shift is less than 85 mV, AMC can be classified as 
a mixed-type inhibitor, influencing both anodic and cathodic processes 
[37]. The Tafel slopes provide information regarding the kinetics of 
anodic and cathodic reactions. According to Table 3, both βa and βc 
decrease with increasing AMC concentration. Specifically, βa decreases 
from 0.15 V/dec to 0.05 V/dec, while βc decreases from 0.15 V/dec to 
0.09 V/dec as the AMC concentration increases from 0 mM to 0.5 mM. 
This indicates that AMC slows both the anodic dissolution of iron and the 
cathodic reduction of hydrogen ions, effectively inhibiting the overall 
corrosion process [38]. In conclusion, the polarization measurements 
confirm that AMC significantly reduces the corrosion rate of mild steel in 
acidic environments by forming a protective surface layer and acting as 
a mixed-type inhibitor. This dual functionality makes AMC a promising 

Fig. 3. Nyquist plots of mild steel in 1.0 M HCl solution at varying AMC concentrations at 303 K. The spectra demonstrate an increase in total impedance with AMC 
concentration indicating enhanced corrosion inhibition at elevated AMC concentrations.

Table 2 
Inhibition efficiency of AMC determined from electrochemical impedance spectroscopy (EIS) measurements at varying concentrations at 303 K.

Cinh (mM) CPEdl Cdl
(
μF.cm− 2) Rct

(
Ω.cm2) Rs

(
Ω.cm2) IE (%)

0.0 Yo
(
μS.sαcm− 2) α 129 0.0925 1.944 0.0

0.1 907 0.83 94 0.5483 0.776 83.1
0.2 522 0.77 72 0.6760 0.521 86.3
0.3 492 0.77 59 0.7184 0.474 87.1
0.4 447 0.79 41 0.8345 0.461 88.9
0.5 389 0.82 33 0.8811 0.419 89.5

Fig. 4. Equivalent model used to fit the impedance data for mild steel 
immersed in 1.0 M HCl with and without AMC.

Fig. 5. Potentiodynamic polarization curve for mild steel in 1.0 M HCl with 
various concentrations of the AMC at 303 K.

Table 3 
Polarization parameters for mild steel in 1.0 M HCl with different concentrations 
of the AMC at 303 K.

Conc. 
(mM)

icorr 

(μA⋅cm− 2)
ECORR 

(VSCE)
βa 
(V⋅dec− 1)

βc 
(V⋅dec− 1)

IE 
(%)

0 644.8 − 0.51 0.15 0.15 0
0.1 216.7 − 0.57 0.13 0.14 66.4
0.2 186.3 − 0.53 0.15 0.16 71.0
0.3 95.5 − 0.52 0.08 0.11 84.2
0.4 73.8 − 0.51 0.06 0.09 88.5
0.5 61.1 − 0.48 0.05 0.09 90.7
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candidate for corrosion protection in industrial applications.
The inhibition efficiency (IE%) of AMC was calculated using Eq. (8), 

where icorr and icorr(inh) represent the corrosion current densities in the 
absence and presence of AMC, respectively. 

IE(%) =
icorr − icorr(inh)

icorr(inh)
×100 (8) 

The calculated inhibition efficiencies presented in Table 3 demon
strate a significant improvement with increasing AMC concentrations. 
Starting at 66.4 % efficiency at 0.1 mM, the inhibition efficiency pro
gressively increases, reaching 90.7 % at 0.5 mM. These high inhibition 
levels highlight AMC’s strong ability to protect mild steel from acid- 
induced corrosion. The potentiodynamic polarization curves in Fig. 5
illustrate that AMC addition affects both the anodic and cathodic 
branches, leading to a notable shift toward lower current densities as 
AMC concentration increases. This confirms AMC’s dual role in miti
gating the rates of anodic and cathodic reactions. The simultaneous 
reduction in both βa and βc further validates AMC’s mixed-type inhi
bition behavior, effectively controlling metal dissolution (anodic reac
tion) and hydrogen evolution (cathodic reaction) [39].

In conclusion, the potentiodynamic polarization studies confirm that 
AMC serves as a highly effective mixed-type inhibitor for the corrosion 
of mild steel in 1.0 M HCl solution at 303 K. The significant reduction in 
icorr, combined with the positive shift in Ecorr and the reduction of both 
anodic and cathodic Tafel slopes, suggests the formation of a stable 
protective layer on the steel surface. This layer prevents both anodic iron 
dissolution and cathodic hydrogen evolution reactions, ensuring high 
inhibition efficiency, particularly at elevated AMC concentrations. The 
polarization curves and inhibition efficiency data consistently confirm 
AMC’s potential as a highly effective corrosion inhibitor for acidic 
environments.

3.3. Adsorption isotherm

The adsorption behavior of AMC on the mild steel surface in 1.0 M 
HCl solution was analyzed using the Langmuir adsorption isotherm 
model. The plot of Cinh/θ versus Cinh (Fig. 6) demonstrates a linear 
relationship with a high correlation coefficient (R2 = 0.9983), indicating 
that the adsorption of AMC onto the steel surface closely follows the 
Langmuir isotherm model [40]. The Langmuir adsorption isotherm is 
mathematically expressed as Eq. (9): 

Cinh

θ
=

1
Kads

+Cinh (9) 

where Cinh is the inhibitor concentration, θ denotes the surface coverage, 
and Kads is the adsorption equilibrium constant.

The linearity of the plot confirms that AMC adsorption occurs via a 
monolayer adsorption process, where each AMC molecule occupies a 
specific adsorption site on the metal surface, with minimal interactions 
between adsorbed molecules [41]. The slope and intercept of the plot 
were used to determine Kads, with the slope value (0.84) being close to 
unity, consistent with the Langmuir model assumptions. From the 
intercept, Kads was calculated, yielding a high adsorption equilibrium 
constant, indicative of strong adsorption of AMC molecules onto the 
metal surface. This aligns with electrochemical studies, which reported 
high inhibition efficiency. The strong adsorption suggests that AMC 
molecules form chemisorptive interactions with the steel surface, likely 
through active sites such as oxygen and nitrogen atoms, which coordi
nate with the vacant d-orbitals of iron atoms in the steel. This robust 
interaction establishes a stable protective barrier, preventing aggressive 
ions from infiltrating and attacking the metal surface [42,43]. In sum
mary, the adsorption isotherm analysis confirms that AMC exhibits 
strong and effective adsorption on the mild steel surface, following the 
Langmuir isotherm model.

3.4. DFT calculations

The quantum chemical parameters presented in Table 4 provide 
critical insights into the properties of AMC. The ionization energy of 
9.169 eV indicates that AMC exhibits considerable stability, making it 
less prone to electron loss. This characteristic supports the formation of a 
durable protective layer on metal surfaces. Additionally, the electron 
affinity value of 3.950 eV demonstrates AMC’s capacity to accept elec
trons, potentially promoting stronger interactions between the inhibitor 
and the metal, thereby enhancing adsorption [44–47]. The HOMO en
ergy level is observed at − 9.169 eV, while the LUMO is at − 3.950 eV, 
leading to a substantial energy gap (ΔE) of 5.219 eV. A larger energy gap 
generally corresponds to higher chemical stability and lower reactivity, 
desirable attributes for corrosion inhibitors as they contribute to the 
formation of a stable protective barrier on the metal surface. With a 
hardness value of 2.60 eV, AMC demonstrates moderate resistance to 
electron cloud deformation, which supports its role as a corrosion in
hibitor. The electronegativity of 6.55 eV suggests that AMC can effec
tively attract electrons from the metal surface, enhancing adsorption. he 
negative ΔN value (− 0.0844 eV) indicates that AMC has a tendency to 
donate electrons to the metal surface, facilitating the formation of a 
protective film.

The visual representations of the HOMO and LUMO orbitals (Fig. 7) 
provide insights into the reactivity of AMC. The HOMO is primarily 
localized on the oxygen atoms and the coumarin ring, suggesting that 
these regions play a key role in electron donation to the metal surface, 
thereby enhancing adsorption. The LUMO, is distributed over the 
coumarin ring and neighboring atoms, indicating potential electron- 
accepting sites. This distribution of the frontier molecular orbitals sug
gests that AMC can effectively interact with the metal surface, providing 
both electron donation and acceptance capabilities that are crucial for 
forming a stable and protective adsorption layer [48,49].

The distribution of atomic charges (Fig. 8) derived from the DFT 
calculations further identifies the reactive sites within the AMC mole
cule. Significant negative charges are observed on the oxygen atoms, 
indicating that these atoms are highly prone to interactions with the iron 
atoms of metal surface. The overall distribution of atomic charges sup
ports the notion that AMC can establish multiple interactions with the 
metal surface, enhancing the anticorrosion properties of AMC. DFT 
studies on AMC reveal that its electronic characteristics, such as a large 
energy gap, favorable hardness, and the arrangement of frontier mo
lecular orbitals, make it highly effective as a corrosion inhibitor [50]. 
The distribution of atomic charges highlights the reactive centers that 
facilitate AMC’s strong binding to metal surfaces. These results are 
consistent with the molecule’s demonstrated high corrosion inhibition Fig. 6. Langmuir isotherm model
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performance, as its structural and electronic features allow it to create a 
durable protective barrier, significantly reducing corrosion [51,52].

3.5. Proposed inhibition mechanism

AMC molecules predominantly adsorb onto the metal surface via 
chemisorption, forming a monolayer that effectively blocks active 
corrosion sites. The adsorption behavior follows the Langmuir isotherm, 
indicating uniform surface coverage without multilayer formation. The 
adsorbed AMC molecules generate a stable protective layer that limits 
the diffusion of corrosive species (e.g., Cl− ions) to the metal surface. 
This layer also significantly reduces anodic iron dissolution and cathodic 
hydrogen evolution reactions. As the AMC concentration increases, the 
inhibition efficiency improves due to greater surface coverage. DFT 
calculations indicate that electron-donating groups in AMC, such as the 
acetohydrazide moiety, interact strongly with the metal surface, thereby 
enhancing the inhibitor’s efficiency. The electronic properties of AMC, 
including a small energy gap and high electron density, further support 
its effectiveness as a corrosion inhibitor [53–55]. Fig. 9 represents the 
proposed inhibition mechanism which illustrates the adsorption and 
protective role of AMC on mild steel in 1.0 M HCl solution [56–58].

3.6. A comparison between coumarin derivative and similar works

Table 5 provides a comprehensive comparison of the inhibition ef
ficiencies of AMC and other coumarins tested as corrosion inhibitors for 

mild steel in 1.0 M HCl solutions. AMC achieves the highest inhibition 
efficiency (90.7 %) at a low concentration of 0.5 mM, outperforming 
other coumarin-based inhibitors. This significant performance is due to 
its distinctive molecular structure, particularly the acetohydrazide 

Table 4 
Quantum chemical parameters of AMC corrosion inhibitor, calculated using DFT at the B3LYP basis set in its neutral form.

I (eV) A (eV) EHOMO(eV) ELUMO(eV) ΔE(eV) η χ ΔN(eV)

9.169 3.950 − 9.169 − 3.950 5.219 2.60 6.55 − 0.0844

Fig. 7. Optimized structure and Frontiers orbitals.

Fig. 8. The atomic charge distribution of AMC inhibitor molecules

Fig. 9. Schematic Representation of the Inhibition Mechanism of AMC on Mild 
Steel in 1.0 M HCl Solution.
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group, which strengthens its ability to form robust coordination bonds 
with Fe2+/Fe3+ ions on the steel surface. This interaction creates a dense 
and durable protective layer, effectively shielding the metal from cor
rosive Cl− ions in the acidic medium.

In comparison, N1-(coumarin-7-yl)amidrazone, achieves a slightly 
lower inhibition efficiency (89 %) but requires a higher concentration 
(0.0005 M) [59]. The efficiency of a corrosion inhibitor depends not 
only on its inhibition percentage but also on the concentration required 
to achieve this level of protection but also about the concentration at 
which it achieves this protection. AMC achieves excellent protection 
(90.7 %) at a low concentration of 0.5 mM, whereas other coumarin 
derivatives like 4,7-Dimethyl-2H-chromene-2-one (74 %) and 7- 
Methoxy-4-methyl-2H-chromene-2-one (66 %) require 200 μmol, to 
achieve slightly lower efficiencies. This lower effective concentration of 
AMC minimizes material usage and cost, further reinforcing its superi
ority. The structure-function relationship is evident, as compounds like 
7,7′-(propane-1,3-diylbis(oxy))bis(4-methyl-2H-chromen-2-one) (89 %) 
and 7,7′-(1,3-phenylenebis(methylene))bis(oxy)bis(4-methyl-2Hchro
men-2-one) (91 %) show moderate efficiencies due to the presence of 
hydroxyl or methoxy groups, which facilitate moderate adsorption [61]. 
However, the acetohydrazide group in AMC enhances adsorption 
through hydrogen bonding and lone pair interactions, resulting in su
perior inhibition performance. The inhibition efficiency of AMC not only 
exceeds that of most coumarin derivatives but also rivals other classes of 
organic inhibitors studied for similar applications. This positions AMC as 
a promising candidate for both academic research and industrial adop
tion. AMC exhibits the highest inhibition efficiency (90.7 %) among the 
listed coumarin derivatives, outperforming even closely related de
rivatives like 7-mercapto-4-methylcoumarin (95 %) [62]. AMC dem
onstrates superior efficiency at a lower concentration (0.5 mM), 
underscoring its enhanced adsorption capabilities. The acetohydrazide 
functionality in AMC provides additional adsorption sites and strong 
bonding interactions, making it more effective than simpler coumarins.

In conclusion, AMC demonstrates superior inhibition efficiency, 
strong adsorption characteristics, and remarkable environmental 
compatibility compared to similar coumarin derivatives and traditional 

corrosion inhibitors.

4. Conclusion

The investigation of AMC as a corrosion inhibitor for mild steel in a 1 
M HCl solution demonstrates its high inhibition efficiency, achieving 
90.7 % inhibition at a 0.5 mM concentration and 303 K. The adsorption 
behavior of synthesized inhibitor molecules on the metal surface follows 
the Langmuir model, indicating the formation of stable and strong bonds 
between AMC molecules and the mild steel surface. AMC functions as a 
mixed-type inhibitor, effectively reducing both anodic and cathodic 
corrosion reactions by forming a protective layer on the tested coupon 
surface. Theoretical insights from DFT calculations further support the 
experimental findings, offering a deeper understanding of the corrosion 
inhibition mechanism. The consistency between experimental results 
and theoretical data underscores AMC’s efficiency as a reliable and 
potential corrosion inhibitor for mild steel in HCl.
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