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Abstract. (2E)-2-(acetylamino)-3-(4-nitrophenyl)prop-2-enoic acid (NPP) was synthesized following a
facile chemical method from 4-nitrobenzaldehyde (NB) and thoroughly characterized using spectroscopic
techniques. These compounds were applied as novel inhibitors for corrosion of mild steel in 1M HCl using
various methods such as absorbance difference, potentiodynamic polarization, and electrochemical impedance spectroscopy (EIS). The results indicate that these inhibitors show an excellent protection performance
and achieve the corrosion inhibition efﬁciency values of 94% and 84% for NPP and NB, respectively. The
adsorption of these molecules obeys the El-Awady isotherm model. The surface analysis of mild steel was
investigated using scanning electron microscopy (SEM) and energy dispersive X-ray (EDX) methods. Furthermore, quantum chemical calculations were investigated using DFT method at B3LYP/6-31G (d,p)
computed by Gaussian 09 showing a good correlation with the experimental results.
Keywords. Absorbance difference; DFT; EIS; polarization curves; mild steel.

1. Introduction
Depending on the engineer’s point of view, corrosion
is a degradation of material or its properties by
chemical reaction with the environment.1,2 This deﬁnition recognizes that corrosion is a harmful phenomenon: it destroys the material or reduces its
properties, making it unusable for an intended application.3 Therefore, several researchers are focused on
this problem using different techniques to achieve high
protection of materials.4 Moreover, owing to the
excellent mechanical properties and low cost of the
mild steel, it is considered as a preferred structural
material in various industries. However, the use of

mineral acids in high concentrations, such as that used
during industrial acid pickling/acid cleaning processes,
causes severe corrosion of mild steel. Compared to the
commonly used inorganic corrosion inhibitors, the use
of low toxicity organic corrosion inhibitors is preferred in industries.6,10–13 The use of organic inhibitors
is one of the most commonly used methods in this
ﬁeld, especially in the acidic medium.2,5,6 These
inhibitors adsorb ﬁrstly on the surface of metals and
intervene in the reaction processes of corrosion to
reduce the corrosion rate.1,2
The benzaldehyde derivatives are widely used as
corrosion inhibitors, especially in acidic medium. For
example, Kumar Singh et al., 7,8 studied the inhibition

*For correspondence
Electronic supplementary material: The online version of this article (https://doi.org/10.1007/s12039-020-01818-w) contains
supplementary material, which is available to authorized users.
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effect of 4(N,N-dimethylamino) benzaldehyde nicotinic hydrazone in 1M HCl, and it revealed excellent
protective behavior against mild steel corrosion. Also,
Zhang et al., 9 recently synthesized and evaluated the
inhibition effect of novel benzaldehyde derivatives
against corrosion of mild steel, and obtained satisfactory results. In this context, we herein report the synthesis of (2E)-2-(acetylamino)-3-(4-nitrophenyl)prop2-enoic acid (NPP) having an LD50 value of 2400 mg/
kg (oral, rat). This study aims to evaluate the inhibition
efﬁciency of NPP and perform its comparison with the
parent compound 4-nitrobenzaldehyde (NB) on the
corrosion of mild steel in 1M hydrochloric acid solution. The investigation was performed using various
methods: absorbance difference measurements,
potentiodynamic polarization, and electrochemical
impedance spectroscopy (EIS). Also, scanning electron microscopy (SEM) and energy dispersive X-ray
(EDX) was applied for the mild steel used. Besides,
quantum chemical calculations were carried out to
clarify the effect of these molecules and their electronic properties in inhibition efﬁciency.

2. Experimental
2.1 Synthesis procedure of NPP inhibitor
The synthesis of the NPP inhibitor is schematically displayed in Scheme 1. The structures and the IUPAC names
of NPP and NB inhibitors are given in Table S1 (Supplementary Information).
Part 1- Azlactone synthesis
A mixture of 58.5 g (0.5 mol) of acetylglycine, 30 g
(0.37 mol) of anhydrous sodium acetate, 111 g (0.74 mol) of
freshly distilled para-nitrobenzaldehyde and 134 g (1.25 mol)
of 95% acetic anhydride in a 1L round-bottomed ﬂask and
boiled for one hour under reﬂux, cooled and placed in a
refrigerator overnight. The solid mass of yellow crystals was
treated with 125 mL of cold water. The crystals were then
transferred to a Büchner funnel and washed thoroughly with
cold water then dried in a vacuum desiccator over phosphorus pentoxide. The yield of crude azlactone was about 75%
and was sufﬁciently pure for the next step.
Part 2-Azlactone opening
In a 1L round-bottom ﬂask, 58 g (0.25 mol) of the crude
azlactone was dissolved by boiling with a mixture
of 450 mL of acetone and 175 mL of water. Hydrolysis was
completed by boiling under reﬂux for four hours. Most of
the acetone was then removed by distillation. The residual
solution was diluted with 400 mL of water, heated to
boiling for ﬁve minutes to ensure the complete solution of
the acetamino acid and ﬁltered. After standing in a refrigerator overnight, the colorless crystalline needles were
collected on a Büchner funnel, washed with 150–200 mL of
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ice-cold water and dried for several hours at 90–100C. The
yield of the puriﬁed product was 80%. The FTIR spectrum
of NPP shown in Figure S1 (Supplementary Information).
(2E)-2-(acetylamino)-3-(4-nitrophenyl)prop-2-enoic acid
(NPP)
13
C-NMR (75.47 MHz; CDCl3) d (ppm) = 166.1
(C=O), 152.6(–C=N), 144.2 (=C–N–), 133.2, 132.1, 128.6
(2C), 127.2 (2C) (C6H5 aromatic carbons), 114.0 (–C=C
methylidene),17.2 (CH3) Figure S2 (Supplementary
Information).
1
H-NMR (Bruker, 300.13 MHz, CDCl3) d (ppm) =
3.09 (s, 3H, CH3), 6.7(d, 2H, Harom(3J = 8.9 Hz)), 7.75(d,
2H, Harom (3J = 8.9Hz)), 9.7 (s, 1H, HC=) Figure S3
(Supplementary Information).

2.2 Materials preparation
The material used in this work is mild steel with the following chemical composition: Fe (99.21), C (0.21), Mn
(0.05), Si (0.38), S (0.05), P (0.09) and Al (0.01). The mild
steel surface was polished with emery paper (until 1500 grit
size), washed with distilled water, degreased by acetone and
dried before the start of each experiment used in this study.
The hydrochloric acid solution (1M) was prepared by
dilution of analytical grade 37% HCl. The concentration
range of the studied inhibitors was 10-3M–10-6M.

2.3 Absorbance difference measurements
The absorbance difference measurements were performed,
as Alfred Onen et al. mentioned in his article.14 Firstly, the
samples were immersed in the aggressive solution 1M HCl
without and with varying inhibitor concentration and placed
in a thermostated water bath at 298K for 6 h. The absorbance of these solutions was taken at a wavelength of
480 nm using UV/Visible spectrophotometer (UV-6300PC,
Double Beam Spectrophotometer). The difference between
(A0) and (A1) was recorded as the absorbance difference of
the corroding in each case. All the reported readings are the
median of ﬁve experimental readings. The inhibition efﬁciency (%IE) of (NB) and (NPP) inhibitors was calculated
using the relation:
IEabs ð%Þ ¼

A0  A
 100
A0

ð1Þ

where (A) and (A) are absorbance for steel in the absence
and presence of inhibitors in 1M HCl solution at 298K.

2.4 Electrochemical studies
The electrochemical tests were performed using potentiostat
Tacussel-Radiometer PGZ 100 controlled with software
analysis Volta Master 4. The various electrochemical
experiments were conducted using a three-electrode glass
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Scheme 1. Synthesis procedure of NPP inhibitor.

cell. Platinum as the counter electrode, Ag/AgCl as a reference electrode, and mild steel as the working electrode
were used. Before the experiments, the potential of the
working electrode was stabilized for 30 min to achieve a
stable open circuit potential. The polarization curves were
realized at a scan rate of 1 mV/s. The EIS tests were
recorded in a frequency range from 100 KHz to 100 mHz
with 10 points per decade.

2.5 Surface analysis
The scanning electron microscopy (SEM) is an excellent
method for surface morphology analysis of metallic samples in corrosion studies. This technique can conﬁrm the
higher protective behavior of the studied inhibitors. The
SEM technique was performed after an immersion of 6 h in
the presence and absence of NPP and NB inhibitors at an
optimum concentration of 10-3M. The material composition is obtained using EDX attached to the scanning electron microscopy with an acceleration voltage of 20 kV.

2.6 Theoretical studies
Quantum chemical calculations can provide a lot of information about structural properties, and correlate the capability of adsorption of corrosion inhibitors with their
structural aspects. The reactivity descriptors such as the
highest occupied molecular orbital (HOMO), lowest unoccupied molecular orbital (LUMO), dipole moment (l), and
the energy gap (DEgap), etc. were evaluated in the current
study. Also, the reactive sites from electrophile or nucleophile attacks were extracted using Fukui indices calculations. These calculations were executed with Gaussian 09
program package15,16 using DFT/ (B3LYP) with a basis set
6-31G (d,p).

3. Results and Discussion
3.1 Absorbance difference measurements
3.1a Effect of concentration: The inhibition
efﬁciencies for mild steel at different concentrations

of benzaldehyde derivatives in 1M hydrochloric
solution at 298K obtained from absorbance
difference measurements are given in Table S2
(Supplementary Information). The absorbance
difference results indicate that the inhibition effect of
NPP and NB increases with concentration to attain a
maximum percentage of 93% and 84% at optimal
concentration, respectively. This result reﬂects the
ability of our inhibitors to adsorb on the mild steel
surface through the substituent groups,8 heteroatoms
and the delocalized p electrons in the aromatic ring of
benzaldehyde derivatives and the vacant d-orbital of
mild steel surface.9

3.2 Polarization curves
3.2a Effect of concentration: The polarization
curves of mild steel in 1M HCl media obtained with
and without various concentrations of NPP and NB are
illustrated in Figure 1. The electrochemical parameters
such as Icorr, Ecoor, and Tafel slopes (ßc, ßa) were
extracted by the extrapolation of Tafel curves
(Table 1). The inhibition efﬁciency (IEpol %) was
calculated using equation Eq. 2:17,18
IEPol ð%Þ ¼

icorr  i0corr
icorr
0

ð2Þ

where icorr and icorr are the corrosion current densities
without and in the presence of inhibitors, respectively.
The polarization results indicate that the corrosion
current densities (icorr) decrease with the increase with
the benzaldehyde derivatives concentration. Also, the
inhibition efﬁciency increases by the addition of
inhibitors to achieve maximum values of 94% and
84% for NPP and NB, respectively. On the other side,
the cathodic Tafel slopes decreased with the same
trend, which suggests that no modiﬁcation can be
observed for hydrogen evolution mechanism in the
studied surface area.19,20 Many researchers have suggested that the displacement of Ecorr of inhibitor
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compared to that of blank potential is an indication
about the classiﬁcation of the studied inhibitors. The
inhibitor can be termed as cathodic or anodic inhibitor
when the displacement of Ecorr is more than *85 mV;
if not, it is a mixed type inhibitor.20 In our study, it can
be suggested that the NPP and the NB inhibitors can
be considered as mixed-type inhibitors with predominantly anodic nature since the displacement of Ecorr
value is less than 85mV.
3.2b Effect of temperature: In the corrosion study,
the effect of temperature is very important because an
increase in temperature can accelerate the dissolution
of materials, and modiﬁes the kinetics of the
reactions.19–21 Therefore, it is necessary to test the
inhibition efﬁciency of these inhibitors at different
temperatures. The polarization curves in 1M of the
hydrochloric acid solution obtained at the optimum
concentration of the studied inhibitors at various
temperatures are presented in Figure S4
(Supplementary Information).
It can be seen from Table S3 (Supplementary
Information) that the current density in the presence of
inhibitors concentration is less than those obtained in
the blank solution indicating the adsorption behavior
of our molecules. Also, it shows a minimum variation
in the inhibition efﬁciency with the rise of temperature
from 298K to 328K. Consequently, it can be suggested
that these inhibitors act by chemical adsorption.
3.2c Activation
parameters: Thermodynamic
activation parameters of mild steel in acidic medium
calculated through Arrhenius equations Eqs. 3 and
422,23:
Ea

icorr ¼ Ae RT
icorr ¼

RT ðDSRÞ ðDH
e e RT Þ
NH

ð3Þ
ð4Þ

where R is the universal gas constant, A is Arrhenius
factor, T is the absolute temperature, N is Avogadro’s
number, h is Planck’s constant (h = 6.6252 10-34 J s),
DH*, DS* and Ea are enthalpy, entropy, and activation
energy, respectively.
From the results shown Figure 2 and the data in
Table S4 (Supplementary Information), it can be
concluded that the values for the enthalpy of activation
DH* in the inhibited medium are higher than those
obtained in uninhibited solution. This means that the
dissolution of steel is slow in the presence of the
benzaldehyde derivatives, especially for NPP inhibitor, conﬁrming the higher inhibition effect of this

compound compared to NB. Moreover, the activation
energy values are greater compared to the blank
solution, which indicates that the inhibitors adsorb on
the steel surface by physical adsorption.
3.3 Electrochemical impedance results
Electrochemical impedance spectroscopy (EIS) is an
effective method for corrosion studies.24,25 The inhibition effect of NPP and NB was also evaluated by this
technique. The impedance parameters obtained in the
presence and absence of inhibitors at different concentrations in acidic medium was extracted after a
good ﬁtting and regrouped in Table 2. The Nyquist
plots for the mild steel surface obtained at 298K with
and without inhibitors are presented in Figure 3.
The appearance of depressed semicircles in the
Nyquist plots of Figure 3 show that the electrochemical process of corrosion is charge transfer controlled.26–28 It can be seen from the data of Table 2
that NPP inhibitor shows superior performance compared to NB inhibitor. This performance may be
explained by the condensation between 4-nitrobenzaldehyde and (acetylamino) acetic acid.21 On the
other hand, the charge transfer resistance Rt increases
slightly with inhibitor concentration while the double
layer capacitance Cdl decreases. These results indicate
that our inhibitor compounds adsorb on the mild steel
surface forming a protective layer.11,29,30
The values of the factor of heterogeneity ndl
increases with the concentration of inhibitors due to a
reduction in the heterogeneities of the mild steel surface against the aggressive medium.31 The equivalent
circuit (Inset to Figure 3) model used in this study
contained the constant phase element Q in the place of
capacitor in order to achieve an appropriate simulation
since the Nyquist plots are not perfect.32,33 The
depressed semicircles appear due to the frequency
distribution, occurring due to surface inhomogeneity,
occurring due to corrosion damage. The circuit diagram used is the modiﬁed Randle’s circuit wherein
instead of the ideal double-layer capacitor, we have
used a constant phase element to model the frequency
dispersion behavior.21 The inhibition efﬁciency of
benzaldehyde derivatives tested showed the same
trend in all the techniques used.
In order to ﬁnd that the three methods show a good
correlation, a histogram (Figure S5, Supplementary
Information) was constructed to compare the inhibition efﬁciency values obtained at 10-3M of NPP and
NB inhibitors by the different methods tested in this
study. The result indicates that all the methods
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Figure 1. Polarization curves for mild steel in acidic medium without and with the addition of NPP and NB at different
concentrations of inhibitors at 298K.
Table 1. Electrochemical polarization parameters for mild steel in 1M HCl with different concentrations of inhibitors at
298K.
Medium

Conc. (M)

- Ecorr (mV/Ag/AgCl)

icorr (lA cm-2)

- bc (mV dec-1)

ba (mV dec-1)

IE (%)

1M HCl
NPP

**
10-6
10-5
10-4
10-3
10-6
10-5
10-4
10-3

437
367
376
368
375
393
386
397
374

983
605
283
113
62
682
465
356
160

140
134
130
124
92
143
137
134
131

150
69
66
57
62
120
82
94
61

**
38
71
89
94
31
53
64
84

NB

(absorbance difference, polarization curves and EIS)
conﬁrm that the synthetic product acts as good inhibitor of mild steel corrosion in 1M HCl. Also, the
difference between the three methods is not signiﬁcant
because we have the same trend for all values of the
inhibition efﬁciency (IE%).

3.4 Adsorption behavior
In order to ﬁnd information about the adsorption
mechanism of inhibitors, it is necessary to examine the
different models of isotherms. For this reason, the
experimental results of impedance measurements were
tested with different adsorption isotherms: Freundlich,
El-Awady, Frumkin, Flory-Huggins and Temkin. We
used the following linear equations of the various
isotherms.1 The Linear equations for the different used
isotherms are provided in Table S5 (Supplementary
Information). The plots of the tested adsorption isotherms are given in Figure S6 and the obtained
parameters are given in Table S6 (Supplementary
Information).

The examination of the tested isotherm models
shows that one active site can adsorb more than one
molecule of water. The adsorption constant obtained
from Freundlich isotherm has not signiﬁcance despite
that the correlation coefﬁcient is close to unity. Also,
the parameter Z of Freundlich isotherm is far from the
typical value of 0.6.34 Moreover, the data obtained
from El-Awady isotherm35 is compatible for NB
inhibitor since it shows a more appropriate value of the
coefﬁcient of regression compared to the other models
traced. From these results, it can be suggested that one
molecule of NB inhibitor can displace three molecules
of water. Furthermore, the value of standard Gibbs
free energy (DG0ads) indicates that NB shows mixed
adsorption (physical and chemical adsorption), the
electrostatic bonds may be formed due to nitro-substitution of NB. On the other hand, the adsorption
behavior for NPP inhibitor shows that the good coefﬁcient of a linear regression of isotherms tested
obtained from Temkin isotherm, the negative value of
parameter (A) reﬂects the attraction interaction in the
adsorbed layer.36 This result was also obtained by
Frumkin isotherm. The values of standard free energy
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Figure 2. Arrhenius plots of mild steel in 1M HCl at 10-3M of inhibitors.

indicate that NPP inhibitor adsorbs on the surface of
mild steel forming coordination bonds (chemical
adsorption).
3.5 Surface analysis
SEM studies of the mild steel surfaces were also carried out with and without inhibitors after a 6 h
immersion period at 298 K. SEM micrographs are
shown in Figure S7 (Supplementary Information). The
morphology of mild steel before immersion is
smoother compared to the blank (after immersion in
acidic solution), the surface in 1M HCl was too
damaged, which is explained by the metal dissolution
upon penetration of the acidic solution (Figure S7
(a) (b), Supplementary Information).26,29 While, the
presence of NB and NPP inhibitors shows the formation of a heterogeneous protective ﬁlm indicating the
adsorption of tested inhibitors on the steel surface
(Figure S7 (c) (d), Supplementary Information).
Energy-dispersive X-ray analysis (EDX) method
was also used in order to get the composition of the

element adsorbed on the surface of mild steel without
and with the inhibitors. The results shown in Figure S8
(Supplementary Information) revealed the presence of
heteroatoms such as nitrogen and oxygen explaining
the adsorption of the studied corrosion inhibitors onto
the steel surface. The percentage atomic content of the
different elements obtained by EDX analysis is illustrated in Table S7 (Supplementary Information). The
results show that NPP inhibitor protects the mild steel
surface more than the NB inhibitor since the percentage of nitrogen atom is higher than that obtained in NB
inhibitor. On the other hand, the percentage of Cl and
the Fe atoms were less than that obtained in 1M HCl
indicating the adsorption behavior of the studied
compounds.
3.6 Theoretical study
3.6a Global molecular reactivity of NPP and NB
inhibitors: Generally, the higher inhibition efﬁciency
depends on the nature of molecules studied. To get
information about reactivity of our inhibitors and to

Table 2. Impedance results of mild steel in molar hydrochloric acid with and without inhibitors at different concentrations
at 298K.
Medium

Conc. (M)

Rs (X cm2)

Rct (X cm2)

Q (lF Sn-1)

ndl

Cdl (lF cm-2)

IE (%)

1M HCl
NPP

**
10-6
10-5
10-4
10-3
10-6
10-5
10-4
10-3

1.12
1.60
1.50
1.59
1.66
1.20
2.08
2.29
1.55

34,7
54.4
116.7
256.3
362.1
49.2
69.8
88.0
181.6

315.0
257.4
159.3
161.7
70.93
282.2
244.4
195.2
123.7

0.770
0.764
0.762
0.732
0.792
0.736
0.754
0.765
0.774

121.0
69.02
45.98
50.59
27.21
60.97
64.95
56.1
40.99

**
36.2
70.2
86.5
90.4
29.5
50.3
60.5
80.9

NB
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Figure 3. Nyquist plots for benzaldehyde derivatives in 298K at various concentrations. Inset shows the equivalent circuit
used in EIS data.

Table 3. Quantum descriptors of the studied inhibitors.
Inhibitors
EHOMO (eV)
ELUMO (eV)
I (eV)
A (eV)
g
r
DN
V
DE (eV)
l(D)
Total energy (u.a)
IE (%) (EIS)

NPP

NB

- 6.3642
- 2.8505
6.3642
2.8505
4.9389
0.2024
1.2702
- 10.9691
2.4611
0.9706
- 910.7641
94

- 10.6034
- 0.1705
10.6034
0.1705
10.5181
0.0950
0.8408
- 10.6886
2.6150
3.7300
- 543.7802
84

r¼

1
g

DN ¼

justify the order of their inhibition efﬁciency obtained
in the experimental part, different descriptors were
calculated such as:37,38 energy gap (DE), dipole
moment (l), ionization potential (I), electronegativity
(v), global hardness (g), softness (r), electron afﬁnity
(A) and the fraction of electrons transferred (DN)
using the following equations and are given in
Table 3:1
DE ¼ ELUMO  EHOMO

ð5Þ

I ¼ EHOMO

ð6Þ

A ¼ ELUMO

ð7Þ

1
v ¼  ðELUMO þ EHOMO Þ
2

ð8Þ

1
g ¼  ðEHOMO  ELUMO Þ
2

ð9Þ

ð10Þ
vmetal  vinh
2ðgmetal þ ginh Þ

ð11Þ

Firstly, the NPP inhibitor possesses the lowest value of
ELUMO, indicating the higher capacity of this molecule
to accept electrons.19,39 However, NPP inhibitor has
the smallest energy gap (DE) compared to NB, which
might provide a higher reactivity to the NB inhibitors,40 as a result of the lower excitation energy from
the last occupied orbital.41 Moreover, according to
Lukovits, the value of the fraction of electrons transferred (DN) is less than 3.6, which reﬂects the electron-transfer capability to the metal surface.42 Also,
the dipole moment shows the same trend as the inhibition efﬁciency. These theoretical results show a
better correlation with those obtained experimentally.
Figure 4 shows that the HOMO and LUMO electron
density of the studied benzaldehyde derivatives studied (NPP and NB) concentrated around aromatic ring
reﬂecting the capability of these inhibitors to exchange
electrons with the metal surface. Therefore, the
adsorption behavior is probably going to occur on
reactive sites of the inhibitor molecules.
3.6b Local molecular reactivity of NPP and NB
inhibitors in the aqueous medium: From the natural
populations for atoms in different states anionic,
cationic, and neutral species. Fukui indices were
computed to ﬁnd the available information about the
active sites for nucleophilic or electrophilic attacks of
these inhibitor molecules. These indices were
calculated from the following equations:11,43

112

Page 8 of 10

J. Chem. Sci. (2020)132:112

Figure 4. Geometry optimization and Electron density distributions (HOMO & LUMO) of NPP and NB inhibitors
obtained by B3LYP/6-31G (d,p) level.

Fþ
k ¼ Pk ðN þ 1Þ  Pk ðNÞ

ð11Þ

4. Conclusions

F
k ¼ Pk ðNÞ  Pk ðN  1Þ

ð13Þ

F0 ¼ Pk ðN þ 1Þ  Pk ðN  1Þ

ð14Þ

The studied inhibitors (NPP and NB) show an excellent performance against corrosion of mild steel in
hydrochloric acid solution and conﬁrmed by different
techniques. The result obtained experimentally has a
good correlation with theoretical calculations. From
these results, we can conclude that:

where PK(N), PK(N ? 1), and PK(N - 1) are the
natural populations for the atom k in the neutral,
anionic and cationic species, respectively.
From the results shown in Table S8 (Supplementary
Information), the most probable sites for nucleophilic
or electrophilic attacks of inhibitor molecules indicate
that the reactive sites on NB inhibitor are localized
only on N9, C7 and C4 atoms. While the NPP inhibitor
possesses various active sites throughout the whole
molecule structure, which can explain the higher
protective behavior compared to NB inhibitor.

• The polarization curves indicate that our compounds can be classiﬁed as mixed-type inhibitors.
• The electrochemical impedance spectroscopy indicates that the inhibition efﬁciencies attain a maximum value of 94% and 84% for NPP and NB,
respectively.
• The variation of inhibition efﬁciency with temperature has no signiﬁcant effect but increases
slightly with inhibitor concentration.
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• The adsorption behavior shows that one molecule
of the inhibitor can remove three water molecules,
according to El-Awady isotherm.
• The surface morphology studies show that the
inhibitor compounds form a protective ﬁlm on the
surface of mild steel.
• The global and selective descriptors obtained are
in good correlation with the experimental part.
Supplementary Information (SI)
Figures S1–S8 and Tables S1–S8 are available at www.ias.
ac.in/chemsci.
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