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ABSTRACT 
 

Aim: To study the corrosion inhibition performance of 2-(4-Methylphenylsulphonamido)-3-
methylbutanoic acid (MPSMB) on mild steel in 0.1 M KOH.  
Study Design: The study will investigate the inhibitive performance of the inhibitor at different 
concentrations and immersion times as well as test its electrochemical corrosion properties. 
Theoretical simulation will be used to correlate the experimental results. 
Place and Duration: Imo state University Owerri, Imo State Nigeria. Between June 2022 and May 
2023 
Methodology: Gravimetric, electrochemical and simulation methods. 
Results: The obtained gravimetric results showed that the inhibitor reduced mild steel corrosion in 
the studied environment and that the efficacy of the inhibitor improved with increased concentration 
of the inhibitor. Polarization findings revealed that the inhibitor retarded the corrosion reactions in a 
mixed-mode manner while electrochemical impedance spectroscopy and theoretical simulation 
findings were used to complement the obtained results. 
Conclusion: The results obtained showed that 2-(4-Methylphenylsulphonamido)-3-methylbutanoic 
acid effectively retarded the corrosion of mild steel in 0.1 M KOH. 
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1. INTRODUCTION 
 
“Corrosion of mild steel is one of the major 
industrial problems encountered in modern 
societies. One of the most effective ways of 
combating this menace is the use of corrosion 
inhibitors, these are chemicals that efficiently 
slow the rate of corrosion of metals and alloys 
when used in low concentrations, especially in 
cooling systems, boilers and storage vessels oil 
as well as gas pipelines, and in construction 
industries” [1-3]. “Mild steel (MS) is leading 
construction material as a result of its 
outstanding mechanical properties and low costs 
when compared to other materials, however 
being a metallic alloy, it is susceptible to 
corrosive degradation. This operation needs to 
be check especially in the presence of extremely 
damaging corrosive alkaline solutions. Mild steel 
corrosion in alkaline solution has been effectively 
reduced by the use of synthetic organic 
substances containing oxygen, nitrogen, or 
sulphur in the conjugated system as corrosion 
inhibitors” [4-8]. “The adsorption of these 
inhibitors on the metal / solution interface is 
successively influenced by: (i) nature and charge 
on the metal surface; (ii) type of corrosive 
electrolyte; and (iii) molecular structure of 
corrosion inhibitors” [9-10] Successful use of 
naturally occurring materials in both acidic and 
alkaline environments has been extensively 
reported [11-16]. “Computer simulation 
techniques provide understanding of inhibition 
adsorption properties of inhibitors at the 
molecular level thereby supporting the 
experimental results during the corrosion control 
using inhibitors. Among the computer simulation 
methods, density functional theory (DFT) is a 
valid tool in evaluating corrosion inhibitive 
properties of different materials” [17–19]. This 
work reports the inhibition of alkaline corrosion of 
mild steel in the presence of 2-(4-
Methylphenylsulphonamido)-3-methylbutanoic 
acid. The techniques applied are gravimetric, 
electrochemistry and theoretical simulation using 
DFT.  
 

2. MATERIALS AND METHODS 
 

2.1 Preparation of Inhibitor 
  

The 2-(4-Methylphenylsulphonamido)-3-
methylbutanoic acid used for the corrosion 
inhibition reactions was synthesized in the 

organic chemistry laboratory of the Imo State 
University, Owerri [20]. 5 g of the inhibitor was 
dissolved in 1 liter of 96% pure ethanol to give a 
stock solution of concentration 5g/L. Test 
solutions ( 0.2 g/L, 0.3 g/L & 0.4 g/L) were 
prepared from the stock solution in 0.1 M KOH. 
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Fig. 1. Chemical structure of the inhibitor 
 

2.2 Preparation of Mild Steel Specimen 
 
The metal steel specimens used for the corrosion 
tests have the percentage weight composition: 
C-0.05, Mn-0.6, P-0.36, Si-0.3 and Fe-98.69 [21], 
the mild steel was obtained from a commercial 
source in Imo State and then press cut into 
dimensions of 3 x 3 x 0.14 cm for the gravimetric 
experiments and 1 cm x 1 cm x 0.14 cm. for the 
electrochemical experiments and kept in a 
moisture free desiccator for use when needed. 
 

2.3 Gravimetric Experiments 
 
Gravimetric tests were conducted on mild steel 
coupons of dimension 3 cm x 3cm x 0.14 cm. the 
metal coupons were polished while wet with 
silicon carbide abrasive paper from #100 to1000 
[22], washed under running water, degreased in 
acetone and dried with warm air. The gravimetric 
work station was set up by suspending the metal 
coupons with hook and rod in 300 ml of the test 
solution. The experiments were conducted in 
aerated and unstirred solutions.  
 

2.4 Electrochemistry Experiments 
 

“All the electrochemical experiments were 
conducted in a 3-electrode corrosion cell using a 
VERSASTAT 400 Complete DC Voltammetry 
and Corrosion System with V3 studio software. A 
graphite rod was used as the counter electrode 
while a saturated calomel electrode (SCE) was 
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used as reference electrode. The latter was 
connected using a Luggins capillary. The 
experiments were conducted in aerated and 
unstirred solutions at the end of 1 hour 
immersion time at 303 K. The electrochemical 
impedance spectroscopy (EIS) measurements 
were conducted at corrosion potentials (Ecorr) 
over a frequency range of 100 kHz–10 mHz, the 
signal amplitude perturbation was 5 mV. 
Potentiodynamic polarization (PDP) studies were 
conducted in the potential range ±250 mV versus 
corrosion potential at a scan rate of 0.333 mV/s. 
Each test was run in triplicate to ensure good 
reproducibility of the obtained data” [23]. 
 

2.5 Theoretical Simulations 
 
All the theoretical calculations were done using 
the density functional theory (DFT) electronic 
structure programs Forcite and DMol3 as 
contained in the Materials Studio 4.0 software 
(Accelrys, Inc.) 
 

3. RESULTS 
 

3.1 Gravimetric Results 
 
The inhibitive performance of MPSMB on the 
corrosion of mild steel in 0.1 M KOH was 

investigated using the gravimetric corrosion 
monitoring technique, the results are presented 
in Figs. 2 and 3. The results presented are 
averages of triplicate determinations, and 
standard deviation ranges from 0 to 0.0006. Fig. 
2 shows the average weight loss of mild steel in 
uninhibited and inhibited 0.1 M KOH as a 
function of inhibitor concentration. The results 
indicate that the synthetic MPSMB significantly 
reduced the degradation rates in the alkaline 
environment. The result shows that average 
weight loss reduced with increasing inhibitor 
concentration. Fig. 3 shows the relationship 
between the percentage inhibition efficiency and 
inhibitor concentration for mild steel corrosion in 
0.1 M KOH and it shows that the efficacy of the 
inhibitor increased with concentration.  
 
The corrosion inhibition efficiency of MPSMB                    
on mild steel corrosion was quantified from                   
the gravimetric perspective as follows (equation 
1): 
 

𝐼𝐸 (%) = (1 −
∆𝑊𝑖𝑛ℎ

∆𝑊𝑏𝑙
) × 100           (1)  

 
Where ∆𝑊𝑖𝑛ℎ  and ∆𝑊𝑏𝑙 correspond to the weight 
losses with and without the inhibitor solution 
respectively. 
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Fig. 2. Average weight losses of mild steel in 0.1 M KOH solutions without and with PMPSP 
extract, as a function of inhibitor concentration 
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Fig. 3. Relationship between percentage inhibition efficiency of PMBSP and concentration for 
mild steel corrosion in 0. 1 M KOH solutions 

 

3.2 Electrochemistry Results 
 
3.2.1 Electrochemical impedance 

spectroscopy (EIS) results 
 

The impedance data provides information on the 
kinetics of the electrochemical reactions and also 
provides insight into the corrosion mechanism at 
the Fe/0.1 M KOH interfaces in the absence or 
presence of the PMBSP inhibitor. The 
impedances response in the Nyqiust format is 
shown in Fig. 4 for mild steel corrosion without 
and with the inhibitor while Table 1 shows the 
electrochemical data obtained from the 
electrochemical experiments. The impedance 
plots can be seen to be composed of one 
depressed capacitive half circle in a high-
frequency region. The depression seen in the 
Nyquist half circle with center under the real axis 
is a characteristic of solid metal electrodes which 
show frequency dispersion of the impedance 
response. It is worthy to note that the high-
frequency intercept with the real axis seen in the 
Nyquist semicircle is allocated to the solution 
resistance (Rs), also the low-frequency intercept 
with the real axis is assigned to the charge 
transfer resistance (Rct). The EIS data was fitted 

into an equivalent circuit Rs(QdlRct 
)  [24] which 

has been previously used to fit impedance data. 
The solution resistance is shorted by a constant 
phase element (CPE) in the equivalent circuit, 
lying parallel to the charge transfer resistance 
(𝑅𝑐𝑡). The use of the CPE in place of capacitor is 
to compensate for shift from ideal dielectric 
characteristic arising from the use of 
heterogeneous electrode surfaces 
 
The impedance of the CPE element is given as 
in (equation 2): 
 

𝑍𝐶𝑃𝐸 = 𝑄−1(𝑗𝜔) −𝑛            (2) 
 

Where Q and n respectively represents CPE 
constant and exponent, 

j is an imaginary number which is = (−1)
1

2⁄ , and 

𝜔  stands for the angular frequency in rad s−1 

with value 2𝜋𝑓and 𝑓 is the frequency in Hz. The 
result in Table 1 show that the inhibitor increased 
the value of the charge transfer resistance (Rct) 
and this corresponds to the increase in the 
semicircle diameter in the Nyquist plot. This 
effect confirms that the inhibitor actually retarded 
the corrosion of mild steel in the alkaline 
environment. The inhibition efficiency tabulated 
in Table 1 was obtained from the impedance 
data with the formula (equation 3): 
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𝐼𝐸 (%) =
𝑅𝑐𝑡 𝑖𝑛ℎ−𝑅𝑐𝑡 𝑏𝑙

𝑅𝑐𝑡 𝑖𝑛ℎ
× 100           (3) 

 
Where Rct bl  is the charge transfer                     
resistance in the absence of the inhibitor and 
Rct inh  is the charge transfer resistance in the 
presence of the inhibitor. The values of the 
inhibition efficiencies obtained in Table 1 agree 
significantly with those obtained in the 
gravimetric experiments. 
 
3.2.2 Potentiodynamic polarization (PDP) 

results 
 
To ascertain the effect of the inhibitor on both the 
anodic dissolution of mild steel and cathodic 
evolution of hydrogen, potentiodynamic 
polarization experiments were undertaken. 
Potentiodynamic polarization plots for the 
corrosion of mild steel in the absence and 
presence of the inhibitor are presented in Fig. 5 
while the polarization parameters are presented 
in Table 1. Increase in the concentration of the 
inhibitor affected both the cathodic and the 
anodic half reactions shifting the corrosion 
potential (Ecorr)  slightly towards the more 
negative values as well as reducing the anodic 
and cathodic current densities and also the 
corrosion current density (Ecorr) showing that the 
inhibitor is a mixed type corrosion inhibitor for 
mild steel in alkaline solution. The inhibition 
efficiencies from the PDP data was obtained by 
comparing the corrosion current densities in 

uninhibited ( icorr bl) solution with that from the 
inhibited solution (icorr inh) as below: 
 

%𝐼𝐸 =
𝑖𝑐𝑜𝑟𝑟 𝑏𝑙−𝑖𝑐𝑜𝑟𝑟 𝑖𝑛ℎ

𝑖𝑐𝑜𝑟𝑟 𝑏𝑙
× 100           (4) 

 

3.3 Results Based on Simulation 
Calculations 

 

Density functional theory and molecular dynamic 
simulation calculations which have been used 
previously to correlate experimental and 
computational results [25-26] were undertaken to 
ascertain the corrosion inhibiting behavior of the 
PMBSP from the theoretical point of view. In the 
recent era of software advancement, corrosion 
experts choose an inhibitor on the basis of the 
theoretical analysis of its molecular properties; 
this approach is both cheap as well as effective 
when compared to the experimental approach. 
Density functional theory (DFT) was used to 
calculate information relating molecular 
geometries and electron distributions of the 
inhibitor, which influence corrosion inhibition 
reaction. DFT calculations were done using 
electronic structure DMol3 found in a Mulliken 
population analysis. The Electronic parameters 
used in this simulation were the Perdew−Wang 
(PW) local correlation density functional as well 
as the restricted spin polarization by using the 
DND basis set. For core electrons at the lowest 
atomic orbitals the DFT semicore 
pseudopotentials (DSPP) was used.  

 

 
 

Fig. 4. Electrochemical impedance spectroscopy for mild steel in 0.1 M KOH in the absence 
and presence of the inhibitor 
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Table 1. Electrochemical parameters for mild steel in 0.1 M KOH in the absence and presence 
of the inhibitor 

 

System Ecorr 

(mV vs 
SCE) 

Icorr 

(µA/cm
2
) 

IE% Rct 
(Ωcm

2
)  

n I.E% 

0.1 M KOH 
0.2 g/L  
0.4 g/L  

- 463 
- 483 - 494 

210.3 
69.7 
40.3 

 
66.9 
80.8 

155.2 
349.7 
494.6 

0.88 
0.88 
0.89 

 
55.6 
68.6 

 

 
 

Fig. 5. Potentiodynamic polarization curves of mild steel in 0.1 M KOH in the absence and 
presence of the inhibitor 

 
Geometric optimization was achieved using 
COMPASS force field [27] as well as Smart 
minimization methods, in order to predict the 
activity of the inhibitor towards the metal surface, 
the quantum chemical parameters such as the 
lowest unoccupied molecular orbital (ELUMO), the 
highest occupied molecular orbital energy 
(EHOMO) and energy gap (ΔE) were calculated 
and their values are respectively ELUMO =-
2.181eV , EHOMO =-6.041eV and ΔE=3.86 eV. 
The representative snapshots of the optimized 
structure of the inhibitor, LUMO orbital, HOMO 
orbitals, and the total electron density are 
presented in Fig. 6 as estimated from the 
simulations. 
 
“Forcite quench molecular dynamics was used to 
simulate different low energy adsorption 
configurations of the inhibitor molecule on the 
metal surface” [28,29]. “The metal (Fe) crystal 
was cleaved along an (110) plane because it was 
the most density packed Fe surface and stable” 
[30,31]. Calculations were done in a supercell of 
dimension 12x10 using the smart algorithm with 

NVE (microanonical) and the COMPASS force 
field in a simulation box of dimension 30 A˚ x 9 
25 A˚ x 9 29 A˚ with periodic boundary conditions 
to model a representative part of the interface, 
devoid of arbitrary boundary effects. The box 
contained the metal slab; cleaved along the 
Fe(110) plane and a vacuum layer of height 20 
A˚. The step time was 1 fs and the simulation 
time was 5 ps. The temperature was set at 350 K 
and the geometry of the lower layers of the slab 
was constrained. The optimized structure of the 
inhibitor was used for the simulation. Quenching 
was done at every 250 steps. The representative 
snap shot of the optimized structure of the 
inhibitor in the 12x10 supercell is shown in Fig. 7. 
The binding energy which relates the adsorption 
of the inhibitor to its inhibition efficiency was 
estimated with the equation below: 
 

𝐸𝑏𝑖𝑛𝑑 = 𝐸𝑡𝑜𝑡𝑎𝑙−(𝐸𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑟 + 𝐸𝑚𝑒𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒)   (5) 
 

Where 𝐸𝑡𝑜𝑡𝑎𝑙 , 𝐸𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑟  𝑎𝑛𝑑 𝐸𝑚𝑒𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 , 

represent the energy of the system containing 
both the metal surface and the inhibitor, the 
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energy of the single inhibitor molecule and the 
energy of the metal surface without the inhibitor 
respectively. The negative value of adsorption 

energy (-133.17 kcal/mol) indicates strong 
adsorption of the inhibitor on the metal surface 
and points to good corrosion inhibiting property. 

 

 
 

Optimized Structure                                    Electron density 
 

 
 

HOMO        LUMO 
 

Fig. 6. Electronic properties of 2-(4-Methylphenylsulphonamido)-3-methylbutanoic acid. (atom 
legend: white H, light gray C and dark gray O). The isosurfaces (larger lobes) depict the 

electron density difference; the darker regions show electron accumulation, whereas the 
lighter regions show electron loss 

 

 
 

Fig. 7. Representative snapshots of 2-(4-Methylphenylsulphonamido)-3-methylbutanoic acid 
on the metal surface 
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4. CONCLUSION 
 
The mild steel corrosion inhibition properties of 2-
(4-Methylphenylsulphonamido)-3-methylbutanoic 
acid was investigated in 1 M KOH solution using 
gravimetric and electrochemical methods of 
monitoring corrosion. The gravimetric results 
showed that the inhibitor lowered the corrosion of 
mild steel in the studied environment and that 
inhibition efficiency increased with the 
concentration of the inhibitor and reduced 
gradually with time. The results of the 
electrochemical methods showed that both the 
anodic and cathodic corrosion reactions were 
reduced with the addition of the inhibitor which 
implied that the inhibitor functioned as a mixed 
type corrosion inhibitor for mild steel in the 
alkaline environment. The simulation result 
showed a negative adsorption energy which is an 
indication of a good corrosion inhibitor. 
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