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Corrosion has been discovered to degrade metal surfaces in acidic media. In-situ synthesis of
indole-3-carbaldehyde 4-methyl-3-thiosemicarbazone [ICar4MTSC] as a corrosion inhibitor was
carried out. The predicted structure of ICar4MTSC was supported by elemental analysis, melting
point, FT-IR, UV-Vis, and NMR analysis. To assess the efficacy of ICardMTSC, weight loss was
conducted in an acidic environment (1M HCI). The results revealed that as its concentration
increases, so does the corrosion inhibition's performance. The R? = 1 value of the Langmuir
adsorption isotherm pointed out that the ICar4AMTSC designed a monolayer on the mild steel
surface and interacted with the adsorbed inhibitors. The Gibbs free energy value: AGads = -
21.9873 kJ mol* implies that the 1Car4MTSC displayed both forms of adsorption types
(chemisorption and physisorption). The surface morphology of mild steel at its highest
concentration (0.5 uM) that had been soaked in 1M HCI for 24 hours was imaged using SEM-
EDX and mapping. The results deduced that a protective layer of ICardMTSC (0.5 uM) was
created, resulting in a smoother surface. Whereas the rough and pitting surface on the mild steel
denotes the absence of 1ICardMTSC (blank). The DFT (intrinsic molecular characteristics and
MEP) analysis showed that the ICar4MTSC contains promising adsorption sites (C=S, N atoms
of the thiosemicarbazide moiety, and the benzene of the indole ring) which could potentially

adsorb the mild steel surface by chemisorption and physisorption.
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Corrosion is a frequently used term referring to a
natural phenomenon throughout industries that causes
environmental pollution and property loss. The
depreciation of a metal arises through its chemical
reaction with environmental factors such as oxygen,
hydrogen, or bacteria [1]. Unending corrosion
processes generate a stressful environment on the
metal surfaces of bridges, buildings, and pipelines
that leads to fracture [2, 3]. The destruction created
by corrosion activity can be fended off with simple
initiatives and methods [4]. A corrosion inhibitor
aids in intensifying the metal's resistance to corrosion
processes at low concentrations. In corrosive media,
a simple strategy for generating a protective layer
by applying inhibitors to minimise the rate of
corrosion can be used [5, 6]. The azomethine (C=N)
and thione (C=S) moieties in thiosemicarbazone are
responsible for generating an adsorption layer on
metal surface [7].

The effectiveness of thiosemicarbazone as a
corrosion inhibitor can be correlated to its intrinsic
molecular characteristics using density functional
theory (DFT) calculations [9]. This might clarify
the mechanisms underpinning ligand adsorption and
corrosion inhibition and provide a design guide for
new ligands with corrosion-prevention properties.
Furthermore, the polar region of organic inhibitor
compounds featuring heteroatoms has the potential to
form an adsorption film [8]. Although the compound
has been synthesised and characterised with X-ray
crystallography [10], there are yet no studies on its
corrosion inhibition activity. Besides that, many
compounds have been studied for their potential as
corrosion inhibitors, but fundamental research to find
an excellent inhibitor still needs to be done. Therefore,
the goal of this study is to synthesise, characterise, and
assess the potential of 1Car4MTSC as a corrosion
inhibitor. The corrosion inhibition performances in
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HCI were reviewed using the weight loss technique
and surface analysis by SEM-EDX with mapping.
The Langmuir isotherm and Gibbs energy were
computed, and a DFT analysis was carried out to
theoretically look at the structure-reactivity
relationship of the corrosion inhibitor. The chosen
study technique can yield enlightening results
concerning the efficacy of the studied compound
as an acid corrosion inhibitor.

EXPERIMENTAL
Materials and Characterisation

The chemicals namely 4-methyl-3-thiosemicarbazide
(97%) and indole-3-carbaldehyde (97%) were purchased
from Sigma-Aldrich. The elemental data (CHNS)
of 1Car4MTSC was derived using the Elemental
Analyser Model Vario EL Cube. The melting point of
ICarAMTSC was measured using the melting point
apparatus model SMP10 Stuart. Next, the fingerprints
of 1ICardMTSC were determined using FTIR with the
Perkin Elmer Model GX (650 cm™* to 4000 cmt).
The structure of 1ICar4MTSC was ascertained using
a Lambda JEOL 400 MHz NMR with deuterated
dimethyl sulfoxide (DMSO-ds) as the solvent. A UV-
Vis spectrometer was used to detect the electronic
transitions (200 to 400 nm) in DMSO (1 x 10* M)
using the PG instrument T80/T80+ spectrophotometer.
Morphological study was utilised on mild steel (bare,
blank, and 0.5 pM) using the SEM Zeiss Merlin model
at 500x magnification.

The Synthesis of ICar4MTSC

ICarAMTSC was synthesised using the reflux method
of condensation. 1Car4dMTSC was prepared by dropping
the methanolic of AMTSC (0.5258 g, 5 mmol) into the
methanolic of ICar (0.7258 g, 5 mmol) [1:1]. The
mixture was continuously stirred for 4 hours at
close to 70 °C. The solution was cooled to room
temperature after 4 hours, and the white precipitate
was filtered before being washed with cold methanol.
Lastly, it was desiccated on anhydrous silica gel, and
the purity of the ICar4MTSC was verified by Thin
Layer Chromatography.

Corrosion Inhibitory Studies
Preparation of Solution and Specimen

1 M of 37% HCI was prepared by dilution with
distilled water. The concentrations of ICar4MTSC
[0.1,0.2,0.3,0.4, and 0.5 uM] were also prepared with
distilled water. All the mild steel specimens (2 cm?)
were polished with a series of silica carbide papers
from 320 to 1,200 grades. They were washed with
distilled water and acetone [11].

Weight Loss Method

The polished specimen’s initial weight was measured.
It was then soaked in 1 M HCI with the presence and
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absence of 1Car4MTSC at concentrations of (1, 2, 3,
4, and 5) x 10t M for 24 hours at 25 °C. After 24
hours, the specimen was cleaned with distilled water
and acetone before drying. The specimen was re-
weighed after drying to measure the final weight. The
weight loss was calculated by subtracting the weight
of the specimen before and after soaking. The weight
loss in g/cm? was applied in the calculation of the
percentage inhibitory efficacy (%IE) and surface
coverage (0) of the 1CardMTSC [12]. The corrosion
rate (CR in g/cm?h) was also computed using the
following equation:

AW

Corrosion rate (CR) = ~

Where AW is the average weight loss, s is the
total area of the specimen, and t is the soaking time in
hours. The weight loss technique was repeated in
triplicates.

Langmuir Isotherm and Gibbs Energy

The Langmuir adsorption isotherm approximated the
maximum surface coverage adsorption of 1Car4AMSTC
as concentrations rose. The degree of surface coverage
(0) was utilised to identify the most effective type of
adsorption isotherm that matched the predicted corrosion
rate values from the weight loss technique data
[13]. Using the weight loss data, a linear graph was
constructed to plot C/8 versus C. Based on the plotted
graph, the following equations were used:

Cinh_( 1 ) Cinkh
0  \Kads xLm
_C°RW—CRW
~ C°RW
C°RW — CRW
%1E=WX100

Where:
0 = the fractional surface coverage

Cinn = the ICar4MTSC concentration

Kags = the equilibrium constant of the adsorption
process

C°rw = the corrosion rate in the absence of
1Car4dMTSC

Crw = the corrosion rate in the presence of
ICar4dMTSC

%IE = corrosion inhibition efficiency

The Gibbs Energy was computed using the
following equation:

AG = -RTIN(55.5 X Kags)

Where;
G = Gibbs Free Energy



12 Intan Syahirah Abdul Salam, Sheikh Ahmad
Izaddin Sheikh Mohd Ghazali, Siti Syaida
Sirat and Nur Nadia Dzulkifli

T = Temperature in Kelvin (K)
R = Gas constant, 8.314 JK'! mol?

Kadgs = Adsorption rate (data obtained from Langmuir
Isotherm)

Scanning Electron Microscopy (SEM) — Energy
Dispersive X-ray (EDX) with Mapping

The SEM-EDX with mapping was utilised to generate
surface morphological images of the bare polished
specimen and the specimen in the highest concentration
of ICar4MTSC after 24 hours of immersion in 1 M HCI
[14]. The equipment provides topographical and
elemental information shown on the specimen surfaces.

Density Functional Theory (DFT)
The DFT investigation was carried out using

Gaussian09 utilising the hybrid functional RB3LYP
method 6-31G(d,p) basis set to optimise the
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IcardMTSC structure without symmetry constraints
[15, 16]. The RB3LYP method consists of Becke’s
three parameter (B3) hybrid exchange functional in
conjunction with the correlation functional of Lee
Yang and Parr (LYP) [17]. GaussView 5.0 was
applied to visualise the results of the DFT.

RESULTS AND DISCUSSION
Physiochemical Analysis

Table 1 shows the physiochemical characteristics of
the 1CardMTSC, including elemental content (%),
colour, and melting point. The melting point of
ICar4dMTSC is between 215-217°C [18], indicating
that as the number of bonds increases, more energy is
required to transition between phases. The elemental
percentages of C, H, N, and S for the obtained white
precipitate were in good alignment with the computed
values. Figure 1 depicts the proposed structure of the
1ICardMTSC.

Table 1. The physicochemical characteristic and elemental analysis of 1Car4AMTSC.

Color Melting point (°C) Elemental analysis (Experimental) (%0)
H N S
White 215-217 58.17 5.14 23.07 12.70
precipitate (56.87) (5.21) (24.12) (13.80)
*() Calculated values
S
\ NH

I=
Iz

/N

Figure 1. The suggested structure of ICar4MTSC.
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Figure 2. ATR-FTIR spectra of ICar, 4AMTSC and ICar4MTSC.

FTIR Analysis

The raw materials [ICar, 4AMTSC] and 1Car4MTSC
were portrayed by ATR-FTIR spectroscopy which
displayed several notable stretching bands as
fingerprints as shown in Figure 2. No stretching band
was presented for the thiol group v(S-H) within 2500-
2600 cm, highlighting that the 1ICar4MTSC is in
thione form when in solid state [19, 20]. The aldehyde,
v(C=0) [ICar] and primary amine, v(1 NHy) [4AMTSC]
stretching bands are noticeable at 1624 cm-! and
3229, 3285 cm?, respectively. The functional groups
were removed completely in the 1Car4MTSC and
replaced by intense azomethine nitrogen, v(C=N)
(1609 cmt) [21, 22]. The thiocarbonyl stretching
band v(C=S) emerged at 739 cm™ [ICar4MTSC].
These transformations verified the formation of
ICardMTSC. Lastly, stretching bands of v(N-N)
appeared at 1271 cm™* [4MTSC] and 1242 cm™
[ICar4aMTSC] [23].

IH and 3C NMR

The NMR values are tabulated in Table 2. The
'H-NMR spectrum gives information on the protons
contained within 1Car4MTSC as well as the
environmental features of the hydrogen protons
[24]. At 0 = 11.14 ppm, a singlet of N-H proton
emerges at a greater chemical shift (downfield)
generated by the de-shielding of the heteroatoms S and
N. At 0 = 8.31 ppm, a singlet peak representing the
HC=N proton signal was spotted and de-shielded by
the N atom [25, 26]. The presence of electronegative
atoms connected to the N-H and HC=N systems

reduce the electron densities surrounding the protons,
resulting in reduced shielding. The peaks at 0 = 7.79
and ¢ = 7.13-7.44 ppm were spotted and correlated to
the C-H of the indole and benzene rings, respectively.
The N-H proton of the indole ring was visible at 11.57
ppm. The methyl group, (-CHs) and NH-C(S), which
appeared as doublet and singlet small peaks, were
ascribed to the upfield regions in the spectrum at 3.09,
3.08 ppm and 2.50 ppm, respectively.

The 3C NMR signals of 1Car4dMTSC, which
were detected downfield at 6 = 177.26 and 140.94 ppm,
signify the presence of C=S and C=N, respectively.
The C=S and C=N were the most de-shielded, owing
to considerable electron delocalisation and the
conjugated structure of the rings, thereby lowering
the electron density surrounding the carbon atom
[27]. The terminal methyl CH3 emerged at 31.48 ppm,
as it was directly bonded to the electronegative
atom, N-H. The aromatic ring, however, revealed
six distinct peaks at chemical shifts of 112.19,
121.00, 122.66, 123.09, 124.42, and 137.50 ppm.
Meanwhile, the indole ring revealed 2 distinct peaks
at 131.22 and 137.50 ppm.

UV-Visible

The absorption peaks for 1Car4MTSC in DMSO
(1x10* M) emerged between 200 and 400 nm, as
illustrated in Figure 3. The azomethine, C=N, and
rings (indole and aromatic) were assigned to the
ICar4MTSC's two primary absorption peaks, which
were observed at 267 (n>7*) and 361 (n>7*) nm,
respectively [28, 29].
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Table 2. 'H and *C NMR data of ICar4MTSC.

Spectra C_hemical Type of proton or Structure of ICardMTSC
shift (ppm) carbon
2.50 (s) CHs-NH-C(S)
7.13-7.23 C-H aromatic
(m)
7.42 -7.44 (m) C-H aromatic
7.79 (d) C=CH-NH ring
H NMR | 3.08,3.09 (d) CH3-NH-C(S)
8.26 - 8.28 C-H aromatic
(m)
8.31 (s) CH=N
. . S L2
11.14 (s) N-H aliphatic /
11.57 (s) N-H ring \NJ\N/N\
31.48 -CHs H H
111.65 N=C-C=C
112.19,
121.00,
122.66, Aromatic
123.09,
“C NMR 124.42
131.22 C=C-NH (ring)
137.50 NH-C-C=C ring
140.94 C=N
177.26 C=S
1.0
TT—=T0%
0.8 4
0.6
8
< 044
0.2 4
n—sr
360 ' 400

Wavelength (nm)

Figure 3. UV-Vis absorption spectrum of ICar4MTSC.
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Table 3. Weight loss data measurement.

Acid Concentration Weight loss, Corrosion rate, Crw Surface Inhibition
(ppm) AW (g) (gcm?h?) coverage, 0 efficiency, n%
1 M HCl blank 0.0393 8.1800 x 10 - -
0.10 uM 0.0032 6.6700 x 105 0.9186 91.8
0.20 uM 0.0020 4.1700 x 10°5 0.9491 94.9
0.30 uM 0.0016 3.3300 x 105 0.9593 95.9
0.40 uM 0.0014 2.9200 x 10 0.9644 96.4
0.50 uM 0.0011 2.2900 x 10 0.9720 97.2
o8 0.00007
97 '.—._.___‘-—"‘ i}{I{l{H}ﬁT:
g o6 — __:.:
Z 95 2 — 0
= 12
E 04 0.00004(31
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Figure 4. Inhibition efficiency and corrosion rate of ICar4AMTSC at different concentrations immersed in 1 M
HCI solution.

Corrosion Inhibitory Study
Weight Loss Technique

The capability of the ICar4MTSC as an inhibitor that
retards the corrosion rate on mild steel exposed to
corrosive HCI solution was assessed by employing
the weight loss method [30]. Weight loss, commonly
known as the coupon method, is the most straight-
forward and long-established way of assessing
corrosion. The weight loss measurements collected
after a 24-hour soak in HCI at 25°C (room
temperature) were used to scrutinise the influence of
ICarAMTSC concentration on corrosion inhibition
effectiveness. Based on the data collected in Table 3
and Figure 4, the result depicts that the corrosion
protection effectiveness of the inhibitor increased
proportionally with the increase in 1Car4MTSC
concentrations [31, 32], and that the highest
efficiency was obtained at 0.50 pM (97.2 %). The
data imply that as concentration increases, more

ICarAMTSC is adsorbed on the mild steel surface,
assisting in the protection of a larger surface area and
the creation of a barrier film between two phases
(corrosive agent and mild steel surface).

Langmuir Adsorption Isotherm Study

An overview of the adsorption mechanism could be
provided by studies of the adsorption of 1Car4dMTSC
to mild steel surfaces employing adsorption isotherms
[33]. The most efficient way to describe the adsorption
behaviour of 1Car4AMTSC was found to be the
Langmuir adsorption isotherm, as shown in Figure 5,
namely by substituting the weight loss values for the
Langmuir isotherm calculation. The slope and the
corrosion rate inhibitors had the best correlation, and
the 1CarAMTSC created a monolayer adsorbed on
the mild steel surface. According to the Langmuir
isotherm, a hard surface of mild steel contains a fixed
number of adsorption sites, each with a specific
adsorption species [34].
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Figure 5. Langmuir isotherm of ICar4MTSC in HCI.

Thermodynamic Calculation

A thermodynamic model was utilised to figure out the
kind of adsorption of ICar4MTSC on the surface of
the mild steel. The crucial value for computing the
Gibbs free energy is the adsorption energy, Kags =
128.21. The computed value of Gibbs free energy, Gads
=-21.987 kJ mol?, falls between -20 and -40 kJmol™.
It was deduced that ICar4MTSC interacts with CI- and
Fe(1l) ions on the mild surface via physisorption and
chemisorption. However, the predicted value is close
to -20 kJmol?, indicating that the process is primarily
physisorption. Physisorption, often known as physical
adsorption, is an exothermic process. According to
the negative value of AGags, the process appears to
be spontaneous, signifying that the inhibitors are
successfully adsorbed on the mild steel surface. Water
molecules and metal surfaces engage electrostatically
during adsorption, which is followed by chemical
interactions between the metal surface and the
ICarAMTSC (inhibitor) [35]. All weak electrostatic
interactions, including the Van Der Waals interactions,
dipole-dipole forces, and London forces, are together
referred to as “physisorption”. The physisorption
occurred between the protonated N* of ICar4MTSC
and the chloride ion, CI, through electrostatic interaction
with the mild steel surface. HCI is referred to as a
hydrogen ion (proton) donor in the Bronsted-Lowry
theory that is able to interact with amine [34]. This
interaction occurs when the amine is converted to a
positively charged state. The physisorption shows
the weakest interaction and is easily de-adsorbed.
Meanwhile, through the sharing or transfer of electrons,
chemisorption develops when the 1Car4MTSC is
covalently attached to the mild steel surface. A
coordinative bond is created as a result of the transfer
of lone pair electrons from S to the empty d-orbital of

a mild steel surface. This interaction is aligned with
the MEP.

Scanning Electron Microscopy with Energy Dispersive
X-Ray (SEM-EDX)

SEM-EDX was utilised to explore the surface
morphology of mild steel immersed in 1M HCI for 24
hours in the presence and absence of the inhibitor
(1Car4MTSC). Figure 6 depicts the mild steel surface
that was inspected at 500x magnification in the
presence and absence of an inhibitor, respectively.
Figure 6(a) displays the morphological image of a
polished mild steel surface. Due to the unavoidable
process of corrosion removal, silica carbide sheets
formed apparent scratches on the mild steel surface.
Meanwhile, Figure 6(b) depicts the mild steel exhibiting
the corrosion situation that formed due to the rough
surface and pitting on the surface of the mild steel
immersed in 1 M HCI. Figure 6(c) shows the
morphological image of mild steel in the presence of
an inhibitor. As shown in Figure 6(c), adding 0.5 M
ICar4MTSC to the corrosive solution alters the
morphology of the mild steel, smoothing the surface
and resulting in fewer cracks, proving the presence of
a protective layer. The fact that the pits and cracks
were not as obvious as they were on the blank implies
that the mild steel was subjected to significantly less
damage. The SEM analysis surmises that ICar4AMTSC
showed high inhibitory performance because it can
create a protective layer by a mixed-adsorption
mechanism that aligns with the Gibbs energy data
[36-38]. Furthermore, the EDX analysis identified
content on the mild steel surface to facilitate the
creation of an adsorption layer by ICardMTSC, as
previously mentioned.
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(b)
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Figure 6. SEM images of mild steel surface: (a) of a polished mild steel, (b) immersed in 1 M HCI for 24 h, and
(c) immersed in 1 M HCI with ICarAMTSC for 24 h.

Figure 7 depicts the elemental composition on
the mild steel surface after 24 hours of immersion in 1
M HCI, proving the addition of two relatively small
extra peaks indicating the presence of nitrogen (N) and
sulphur (S) elements of ICar4MTSC. A low percentage
weight of N and S was noticed in the mapping images
[39]. The observation emphasised that the ICar4MTSC
was unsymmetrical adsorbed on the mild steel surface.
As noted in the Gibbs Energy section, the EDX images
revealed that the ICar4MTSC had favourably adsorbed
on the mild steel surface to minimise the corrosion rate
by possibility chemisorption and physisorption.

Density Functional Theory
Intrinsic Molecular Characteristics

The computation based on the Density Functional
Theory (DFT) was used to connect inhibitor efficiency
in solid form with intrinsic molecular characteristics.
The chemical stability and reactivity of the inhibitor
structure were determined by key factors such as its
highest occupied molecular orbital (HOMO), lowest
unoccupied molecular orbital (LUMO), and energy
band gap, as shown in Table 4. The thione component,
C=S, had the most significant HOMO electron density
distribution and the LUMO was distributed fairly
equally along the thiourea moiety [40]. The HOMO

and LUMO of I1Car4MTSC values were -5.2395
and -1.1652 eV, respectively. The high Enomo value
highlighted the inhibitor's electron-donating capacity,
which facilitates chemisorption on the metal surface
[41]. In the meantime, it shows their larger propensity
to receive electrons with low E_umo values from the
metal surface. As a result, the energy gap AE between
the HOMO and LUMO was calculated as 4.0743 eV.

The 1ICar4dMTSC's DFT values were compared
to those of a nearly comparable structure as studied by
Ranwa et al. (2017) [42]. The low AE of ICar4MTSC
signifies that the electron density transition from the
HOMO->LUMO orbital is more reactive, implying
that mild steel is better protected and favours high
corrosion inhibition efficiency. A low ELumo value
suggests that 1CarAMTSC is more susceptible to
accepting electrons from the metal surface via its
thiourea moiety. Meanwhile, the high Enomo value
denotes the electron-donating ability of C=S molecular
orbitals, which aids in the adsorption process on the
metal surface. The ionisation potential (1) of 5.2395
eV is higher than the electron affinity (A) of 1.1652
eV, displaying that 1ICarAMTSC prefers to release
electrons rather than accept them. The global
electrophilicity value is greater than 1.5 eV; hence,
the 1Car4MTSC could be suggested to possess strong
electrophile properties [43].
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Mapping Molecular Electrostatic Potential (MEP)

MEP is a reliable predictor of nucleophilic and
electrophilic attack sites on the mild steel surface-
based electron density distribution [44]. The thione
group, C=S, is distinguished as a negative potential
region (high electron density) and is responsible for
the adsorption site on the mild steel surface. It often
denotes the most favourable reactivity site for the
electrophilic attack [45]. The N atoms of the
thiosemicarbazide moiety and the benzene of the
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indole ring have a somewhat higher electron density
surrounding them, which contributes to their capability
of serving as adsorption sites. The pattern of MEP as
shown in Figure 8 shows that the ICar4MTSC has the
probability of adsorption on the mild steel surface
through chemisorption-physisorption caused by the
presence of many possible adsorption sites. On top
of that, the hydrogen atoms have a very noticeable
blue region (low electron density), which indicates
a positive charge and the most desirable reactivity site
for nucleophilic attack.

=
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Figure 7. EDX mapping of element distribution on a mild steel surface after 24 hours immersion in 1 M HCI
with a 5 M inhibitor.
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Table 4. Comparison between HOMO, LUMO, energy gap (HOMO-LUMO), and related molecular properties
of ICar4MTSC.

Molecular energy ICardMTSC
Enomo -5.2395
ELumo -1.1652
Energy gap (AE) 4.0743
lonisation potential (1) 5.2395
Electron affinity (A) 1.1652
Global hardness (1) 2.0372
Softness (S) 0.4909
Chemical potential (p) -3.2024
Electronegativity () 3.2024
Global electrophilicity (o) 2.5170
Electron donating ability, () 4.3728
Electron accepting ability, (w™) 1.1705

Structure

FMO

ELumo
-1.1652 eV

AE=4.07 eV

Eromo
-5.2395 eV

Figure 8. Optimised molecular structure, HOMO, LUMO, and MEP of 2CIAcTSC using DFT/B3LYP/6-31G

CONCLUSION

The ligand, indole-3-carbaldehyde 4-methyl-3-
thiosemicarbazone (ICar4MTSC), was successfully
synthesised, and the proposed structure was verified
using elemental analysis, FTIR, UV-Vis, and NMR
spectroscopies. For the corrosion inhibition trial, the
weight loss or coupon analysis demonstrated that as
the ICar4MTSC concentrations [0.1, 0.2, 0.3, 0.4, and
0.5 uM] increased, so did its corrosion inhibition

(d.p).

efficiency. The SEM-EDX with mapping morphology
images of the mild steel surface confirmed that the
ICar4MTSC had created an adsorption layer on the
mild steel surface by a monolayer that deduced by
Langmuir isotherm, resulting in a smoother surface.
Overall, the ICar4MTSC exhibited anti-corrosion
activity on the mild steel, providing good corrosion
inhibition performance in 1 M HCI. Lastly, the DFT
(Intrinsic molecular characteristics and MEP) deduced
that the 1ICar4MTSC has the probability of adsorption
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on the mild steel surface through chemisorption- 8. Abbas, M. A., Bedair, M. A., EI-Azabawy, O. E.
physisorption caused by the presence of many possible and Gad, E. S. (2021) Anticorrosion effect of
adsorption sites. ethoxylate sulfanilamide compounds on carbon
steel in 1M hydrochloric acid: electrochemical
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