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Abstract—The inhibition effi  cacy of N-(4,6-dimethylpyrimidin-2-yl)-4-[(quinazoline-4-yl)amino]benzene-
1-sulfonamide (DMQS) as a new corrosion inhibitor on mild steel (MS) in 0.1 M HCl medium at varied tem-
perature has been analysed and it has ensued 97.6% high effi  ciency at 4 × 10–5 M of DMQS. The electrochemical 
techniques employed were impedance spectroscopy and potentiodynamic polarization. Surface analysis of MS 
was carried out through scanning electron microscopy (SEM) and energy dispersion spectroscopy (EDS). Inhibi-
tory eff ect of DMQS escalated with elevated concentration and declined with elevation in solution temperature. 
The adsorption of DMQS on MS has consent with the Langmuir adsorption isotherm. The computational study 
using density functional theory (DFT) with the B3LYP/3-21G basis set level for DMQS was investigated through 
the association between their molecular and electronic structure. The parameters involved in quantum chemi-
cal calculations were energy gap, EHOMO, ELUMO, absolute electronegativity, electrophilicity, softness, global 
hardness, energy gap, ionisation energy, electron affi  nity and dipole moment. DMQS shows EHOMO value of 
–6.256 eV, fortifying MS from corrosive attack and implicating it to be an eff ectual inhibitor. The results of the 
implemented studies show the corrosion inhibition effi  ciency of the DMQS is in good accord.
Keywords: MS, inhibition, DFT, corrosion, electrochemical techniques, quantum chemical parameters
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INTRODUCTION

Industrial applications make use of MS as a con-
structional material for being economical and having 
exceptional mechanical properties. Organic inhibitors 
have a pivotal role in controlling corrosion of materi-
als [1]. The physicochemical properties of the corrosion 
inhibitor like electron density of the donor atom, aro-
maticity, presence of pi electron in the double or triple 
bonds, presence of electronegative functional groups 
and its molecular structure attribute towards its adsorp-
tion on a metallic surface [2]. The heteroatoms like ni-
trogen, sulfur, phosphorous, oxygen etc., by virtue of its 
lone pair of electrons and planarity have proven to be 

chief centres for adsorption. The eff ectual mechanism 
can be elucidated through computational studies [3]. 
In general, sulfonamides have low potential for ad-
verse health eff ects which is based on its history for safe 
therapeutic use in human beings [4, 5]. Sulfonamides 
are regarded to have eminent corrosion inhibition prop-
erties based on the facts that they are molecules hav-
ing sulfur, nitrogen and oxygen heteroatoms that have 
lone pair of electrons, electron rich aromatic rings, the 
presence of multiple bonds, they are environmentally af-
fable and they can be facilely synthesised. It has been 
indicative in earlier studies that an amide group pres-
ent in the molecular scaff old of the inhibitor leads to its 
adsorption on the MS surface resulting in formation 
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of protective complexes which decline the rate of cor-
rosion [6]. The crucial molecular framework in the core 
structure of Quinazoline derivatives among heterocy-
clic compounds present pharmacological properties of 
a wide range. The Quinazoline sulfonamide derivatives 
were synthesized and the structures were successfully 
characterised [7–9]. Corrosion inhibition study on MS 
in HCl by DMQS, which is a Quinazoline sulfonamide 
has been investigated in this paper. The objective of this 
study is to gain consensus to the effi  cacy of the inhibitor 
used to control corrosion on mild steel and to be able to 
utilise it in ameliorating the durability of metals.

EXPERIMENTAL

Test material. The test material used for corrosion 
measurements was mild steel with chemical composi-
tion given in Table 1. The test material was a cylindrical 
rod cut and covered by acrylic repair material so that 
0.6359 cm2 surface area was in contact with the solution. 
The test material was polished using various grades of 
emery papers (500, 800, 1000, 1200, 1500, and 2000), 
cleaned with doubly distilled water, then by acetone wash, 
subsequently dried and stored in a desiccator until used 
for the experiment.

Medium. Preparation of 0.1 M HCl working solution 
was prepared by mixing 37% HCl (analytical grade) and 
adequate amount of double distilled water (ddH2O). A 
stock solution of corrosion inhibitor (1 × 10–4 M) was 
prepared by the addition of ddH2O. To facilitate thor-
ough dissolution of the inhibitor compound, a ratio of 
1 : 100 of DMSO and ddH2O was employed. A series 
of concentrations from the stock solution were prepared 
(1 × 10–5, 2 × 10–5, 3 × 10–5, and 4 × 10–5 M). The inhibi-
tor used in this study was synthesised and its molecular 
structure was determined [7]. Figure 1 depicts the mo-
lecular structure of DMQS. 

Electrochemical techniques. A CH-Instrument 
Model 608D series electrochemical workstation was 
used to carry out electrochemical measurements. The 
cell arrangement comprised of conventional three 
electrodes namely, saturated calomel electrode (refer-
ence electrode), platinum electrode (counter electrode) 
and test material (working electrode). The test mate-
rial was covered by acrylic repair material so that only 
0.6359 cm2 surface area was in contact with the solution. 
The test material was polished using various grades of 
emery papers (500, 800, 1000, 1200, 1500, and 2000), 

cleaned with doubly distilled water, then by acetone 
wash, subsequently dried and stored in a desiccator until 
used for the experiment. The measurements were done 
once the test solution attained stable open circuit poten-
tial and at atmospheric conditions without any stirring.

Electrochemical impedance spectroscopy (EIS). The 
well-polished test material was dipped in 0.1 M HCl 
with the inhibitor, varying concentration and at temper-
atures ranging from 303 to 323K. Electrochemical im-
pedance curves were measured using 10 mV amplitude 
(peak to peak) and an AC signal over a frequency range 
of 100 000–0.1 Hz after an immersion period of 30 min. 
ZSimpWin version 3.21 software from the equivalent 
circuit were used to deduce the resistance due to charge 
transfer, R and the capacitance of double layer, Cdl. 

Potentiodynamic polarization (PDP). Potentiody-
namic polarization curves were measured using the 
smoothly polished test material dipped in 0.1 M HCl 
with the inhibitor, varying concentration, at temperature 
ranging from 303 to 323 K, at the potential range –250 
to +250 mV and a scan rate of 1 mV/s.

Surface analysis. MS coupons of a surface area 
0.6359 cm2 were treated with 0.1 M HCl with the addi-

Table 1. Elemental composition of MS 

Element Weight, %
C 0.234
Ni 0.61
Mn 0.016
Al 0.0027
Co 0.0065
P 0.012
Cr 0.025
Si 0.036
Fe Rest

Fig. 1. Molecular structure of DMQS.
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tion and without the addition of DMQS at 303 K. JEOL 
JSM-6380L Field emission scanning electron micro-
scope was employed in order to descry the morphology 
of the surface and analyse energy dispersive spectros-
copy (EDS).

Computational methods. Eff ectuality of the in-
hibitor used was verifi ed by carrying out density func-
tional theory (DFT) and quantum chemical calculations. 
Gaussian 16W software package and GaussView 6.0 
was utilised to draw the molecular sketches of DMQS. 
The DFT studies are done using correlation theory of 
Becke’s three parameter and the Lee-Yang-Parr (B3L-
YP) and by selecting a 3-21G basis set. It has been 
evident that DFT has profound implacability in the 
investigation of the characteristics relative to surface 
mechanisms of the metal-inhibitor and to the depiction 
of corrosion process being relative to the natural struc-
ture of the inhibitor [10, 11]. 

The quantum chemical parameters are calculated 
that include EHOMO (energy relative to highest occupied 
molecular orbital), ELUMO (energy relative to lowest un-
occupied molecular orbital), energy gap (ΔE), ionisation 
potential (I), electronegativity (χ), softness (S), global 
hardness (η), dipole moment (μ), fraction of electrons 

provided from the inhibitor to the metal surface (ΔN), 
electron affi  nity (A) and electrophilicity (ω).

RESULTS AND DISCUSSION

Electrochemical impedance spectroscopy (EIS). The 
effi  cacy of DMQS was evaluated from Rct values and 
Cdl values of the impedance. The impedance spectra 
(Nyquist plots) of MS in 0.1 M HCl containing 0, 1 × 
10–5 M, 2 × 10–5, 3 × 10–5, and 4 × 10–5 M of the DMQS 
at 303, 313, and 323 K is shown in Fig. 2. The imperfec-
tion in the semicircles of Nyquist Plot could be associ-
ated to the unevenness and non-uniformity in surfaces, 
adsorption of the DMQS and permeable layer formation 
[12, 13]. The display of Nyquist plot as bow-shaped in-
dicates that during dissolution the occurrence of charge 
transfer [14]. The dimension of the semicircles escalates 
with a rise in DMQS concentration. The electrochemi-
cal impedance inhibition effi  ciency (IE, %) is calculated 
using Eq. 1, where Rct and R0

ct are the charge transfer 
resistance with the addition and without the addition of 
DMQS. Accordingly, the impact of temperature on cor-
rosion suppression of MS with the addition of DMQS at 
diff erent concentrations is tabulated in Table 2.

0
ct ct

IES
ct

IE 100,
R R

R


                         (1)

The equivalent circuit contoured for the experimen-
tal data of EIS is depicted in Fig. 3, where Cdl, Rct, and 
Rs are the capacitance of the double layer, the resis-
tance of charge transfer and the resistance of solution 
respectively. The obtained values of the capacitance of 
the interface decreased with rise in concentration may 
be ascribed to the adsorption of the DMQS forming a 
protective adsorption layer on the carbon steel surface. 

Fig. 2. (Color online) Nyquist plots of MS in 0.1 M HCl without the addition and with the addition of diff erent concentrations of DMQS 
at (a) 303 (b) 313 and (c) 323 K.

Fig. 3. Equivalent circuit employed to contour the EIS experi-
mental results.
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The resistance of charge transfer increases when there is 
a rise in inhibitor concentration, whereas it is observed 
to have decreased with the rise in temperature for a 
given concentration [15, 16]. The effi  cacy of inhibition 
improved with rise in concentration of the DMQS and 
declined with rise in temperature. The eff ect of inhibi-
tion relies on DMQS concentration and solution tem-
perature. The results obtained from EIS studies prove 
DMQS to be an eff ectual inhibitor.

The bode plots without the addition and with the ad-
dition of varied concentrations of DMQS at 303 K is 
depicted in Fig. 4. From the bode plots it could be in-
ferred that those electrochemical measurements fi t aptly 
and presence of one relaxation process consents with the 
charge transfer process between the metal/electrolyte in-
terface. The increase in phase angle with the concentra-
tion of DMQS implies development of a layer that is 
protective [17, 18].

Potentiodynamic polarization (PDP). The curves of 
potentiodynamic polarisation for MS consisting 0, 1 × 
10–5, 2 × 10–5, 3 × 10–5, and 4 × 10–5 M of the DMQS in 
0.1 M HCl at 303, 313, and 323 K are shown in Fig. 5. 
Table 3 indicates the values of Potentiodynamic polar-
ization (PDP) parameters at varied concentrations of 
DMQS with variation in temperature. The surface cov-
erage (θ) and potentiodynamic polarization inhibition 
effi  ciency (IEPDP , %) was determined employing the 
Eqs. 2 and 3, respectively [19], where i0corr is the corro-
sion current without the DMQS and iicorr is the corrosion 
current with the DMQS.

                              
(2)

                      
(3)

There was a decline in the corrosion rate (CR) and 
corrosion current (icorr) with rise in DMQS concentra-
tion implying the rise in the surface coverage leading 
to the formation of protective fi lm between DMQS and 
MS surface by adsorption process. The surface inhibitor 
fi lm shields the corrosive media from further attack thus 
delaying the evolution of hydrogen gas and dissolution 

Table 2. Electrochemical impedance (EIS) parameters of MS 
in 0.1 M HCl at varied concentrations of DMQS with varia-
tion in temperature

Temperature, 
K

Conc. of 
DMQS, M

Rct, 
Ω cm2

Cdl, μF/
cm2

IEEIS, 
%

303 Blank 29.40 241.53 –
1 × 10–5 142.30 199.54 79.34
2 × 10–5 303.10 19.89 90.30
3 × 10–5 368.70 13.76 92.03

4 × 10–5 468.60 13.07 93.73
313 Blank 21.63 218.58 –

1 × 10–5 57.29 193.84 62.24
2 × 10–5 102.50 75.21 78.90
3 × 10–5 151.60 33.26 85.73

4 × 10–5 183.30 19.42 88.20
323 Blank 19.64 128.39 –

1 × 10–5 43.36 108.16 54.70
2 × 10–5 60.66 46.37 67.62
3 × 10–5 80.97 30.56 75.74

4 × 10–5 107.80 14.66 81.78

Fig. 4. (Color online) Bode plots (a) phase angle and (b) phase modulus for MS in 0.1 M HCl without the addition and with the addition 
of varied concentrations of DMQS at 303 K.
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of the MS [20]. There are no exceptional changes in the 
deracination of the both Tafel slopes (cathodic slopes 
(βc) and anodic slopes (βa)) attributing to an adsorption 
process. The almost unchanged values of corrosion po-
tential (Ecorr) for varied concentrations implicate DMQS 
to be favouring the mixed type inhibition. The corro-
sion potential (Ecorr) of DMQS solutions has decreased 
from that of the solution without the inhibitor and the 
displacement is less than 40 mV is tabulated in Table 3 
which implies that the DMQS is a mixed type indicator. 
Mixed type inhibition implies suppression of the metal 
from undergoing dissolution and evolution of hydrogen 
gas, i.e., the anodic reaction and the cathodic reaction 
[21]. The data obtained in the EIS measurements are in 
good accord with the data obtained from the PDP mea-
surements.

Temperature eff ect–adsorption isotherms. Tempera-
ture has a signifi cant impact on the rate at which metal 

would corrode and the EIS and PDP results are eviden-
tial in this regard [22–25]. It has been delineated that as-
cent in temperature advances the corrosion rate without 
and with the inhibitor in the case of MS but it is more 
expeditious in the blank solution [26]. The decline in 
the effi  cacy of DMQS with temperature rise ascribes to 
a chemical nature in the adsorption process. The study 
of temperature eff ect on the MS rate of corrosion in 
presence of DMQS is tendered through Arrhenius re-
lationship [27]. The activation energy (Ea) for DMQS 
was determined by using Eq. 4, denoting A as Arrhenius 
constant, R as gas constant, T as the temperature and CR 
as the corrosion rate. Figure 6 depicts ln CR vs. recipro-
cal of absolute temperature plot that gives a line, i.e., 
linear in nature comprising a slope of Ea/R. The entropy 
of activation (∆S*) and enthalpy of activation (∆H*) 
were determined by using Eq. 5, denoting h as Plank’s 
constant and N as Avogadro’s number. Figure 7 depicts 

Fig. 5. (Color online) Potentiodynamic polarization curves of MS in 0.1 M HCl without the addition and with the addition of diff erent 
concentrations of DMQS at (a) 303, (b) 313, and (c) 323 K.

Fig. 6. (Color online) The plot of ln CR versus 1/T for MS 
corrosion in 0.1 M HCl without the addition and with the ad-
dition of DMQS.

Fig. 7. (Color online) The plot of ln CR/T against 1/T for MS 
corrosion in 0.1 M HCl without the addition and with the ad-
dition of DMQS.
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ln (CR/T) vs. reciprocal of absolute temperature plot 
that gave a line, i.e., linear in nature comprising –∆H*/R 
as slope and ln R/Nh + ∆S*/R as an intercept. 

                           
 (4)

* *
CR exp exp .RT S H

Nh R RT
 


                   

(5)

The activation parameter values obtained were tabu-
lated in Table 4. The descried values of activation ener-
gies are above 70 kJ/mol, but below 100 kJ/mol and can 
be implied to mixed-type of adsorption which involves 
physisorption and chemisorption. This trend in activa-
tion parameters has been observed in sulfonamide stud-
ies carried out earlier by Murulana and Kabanda [28, 
29]. The values Ea, ∆S* and ∆H* indicated an ascent 
with the rise in DMQS concentration. This could be 
ascribed to an increase in disorder amidst the relative 
adsorption process to an activated complex formation 
[30].

The adsorption study was carried out for DMQS and 
the regression coeffi  cient values (r2) obtained are near 
to 1 permit from the linear relationship of Langmuir 
pattern, so it was deduced that adsorption isotherm of 
Langmuir was the most befi tting. The surface coverage 

of the DMQS on the MS can be given by the Langmuir 
isotherm relationship in Eq. 6 [31–34], where, equilib-
rium constant is Kads for the DMQS adsorption on MS 
and Cinh is the molar concentration. 

inh
inh

ads

1 .C C
K

 
                             (6) 

Table 3. Potentiodynamic polarization (PDP) data of MS in 0.1 M HCl at varied concentrations of DMQS with variation in 
temperature

Temperature, K DMQS conc., M βc, mV βA, mV icorr, mA/cm2 –Ecorr, mV CR, mil/year IEPDP, %
303  Blank 178.6 211.2 1.14 563 816.40 -

1 × 10–5 137.2 83.2 0.18 553 125.60 84.62
2 × 10–5 120.1 58.5 0. 08 543 53.88 93.40
3 × 10–5 118.8 53.2 0. 05 535 32.34 96.04
4 x 10–5 108.6 59.7 0. 03 526 19.53 97.61

313  Blank 193.2 203.4 1.64 561 1177.00 –
1 × 10–5 213.1 154.9 0.72 546 517.20 56.16
2 × 10–5 136.4 88.9 0.25 543 117.86 84.86
3 × 10–5 123.9 67.2 0.12 539 85.97 92.72
4 × 10–5 127.0 67.6 0.11 533 82.78 92.99

323  Blank 192.6 202.6 1.92 552 1379.00 –
1 × 10–5 211.6 164.1 1.03 555 737.30 46.57
2 × 10–5 161.5 103.1 0. 52 554 372.90 72.97
3 × 10–5 149.8 84.8 0.34 548 242.30 82.47
4 × 10–5 141.1 78.3 0.24 544 168.70 87.77

Table 4. Activation Parameters of dissolution of MS in 
0.1 M HCl without the addition and with the addition of var-
ied concentrations of the DMQS
Concentration, 

M Ea, kJ/mo1 ∆H*, kJ/mol –∆S*, 
J/mol/K

Blank 21.41 12.36 139.77
1 × 10–5 72.44 27.32 94.82
2 × 10–5 78.52 28.60 93.33
3 × 10–5 81.88 29.27 92.28
4 × 10–5 88.01 30.83 88.06

Table 5. Thermodynamic adsorption parameters of DMQS at 
varied temperatures on MS in 0.1 M HCl 

Temperature, K r2 Slope Kads, M–1 ∆G0
ads, kJ mol–1

303 0.999 1.007 4.275 –42.78
313 0.999 0.975 1.654 –41.72
323 0.997 1.019 1.161 –42.10
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The depiction of thermodynamic parameters for the 
adsorption of DMQS are tabulated in Table 5. The Lang-
muir adsorption isotherm is depicted in Fig. 8. Using 
Eq. 7 the standard free energy is calculated from the ad-
sorption equilibrium constant values, where ΔG0

ads is the 
standard free energy and in the solution the molar con-
centration of water is represented by the value of 55.5 
[35]. There are studies associated to the values of ΔG0

ads 
ranging from –40 kJ mol–1 and more correlated to che-
misorption, i.e., charge sharing or transfer of electrons, 
whereas values of ΔG0

ads ranging from –20 kJ mol–1 
and below as physisorption, i.e., electrostatic interaction 
[36–38]. The process of chemisorption could be cor-
responded for DMQS as the ΔG0

ads values attained are 
more than –40 kJ mol–1.

0
ads adsln(55.5 ).G RT K                         (7)

The adsorption of DMQS on MS is depicted in Fig. 9 
is a possible outcome of interaction between the MS 
and the hetero atoms through π electron. The adsorption 
could also be due to electrostatic interaction between 
MS and the protonated molecule of DMQS. The hydro-
chloric acid media leads to Cl– ions being adsorbed on 
electrode surface to form a negatively charged mild steel 
surface that attracts the positively charged DMQS mol-
ecule thus leading to electrostatic interaction [39, 40]. 

SEM and EDS analysis. The images of SEM were 
taken and the EDS analysis of the MS surface with and 
without the DMQS was done to validate the develop-
ment of a protective layer. Earlier studies have revealed 
that a stable fi lm formation by the inhibitor protects the 
surface of the metal and supports the results obtained 
from electrochemical measurements [41–43]. The 
surface was soaked 0.1M HCl for 24 h at 303K and 

Fig. 8. (Color online) Langmuir adsorption isotherms for the 
corrosion of MS in 0.1 M HCl at varied temperatures.

Fig. 9. Interaction of DMQS on MS in 0.1 M HCl by physi-
sorption and chemisorption.

Fig. 10. SEM images  of (a) smoothened surface of MS, (b) surface of MS in 0.1 M HCl solution, and (c) surface of MS in 0.1 M HCl 
containing 4 × 10–5 M DMQS.
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Fig. 10 shows the SEM images of the smoothened sur-
face of MS, surface of MS soaked in 0.1 M HCl with-
out the DMQS and surface of MS soaked in 0.1 M HCl 
containing 4 × 10–5 M DMQS. The images of SEM 
reveal that DMQS provides signifi cant protection to 
mild steel. 

The EDS analysis results revealed that the percent-
age of Iron decreased from 91.68% in the polished 
MS surface to 41.27% in the metal surface soaked in 
0.1 M HCl without DMQS for a soaking time of 24 h. 
The percentage of Iron was 77.99% in the presence of 
DMQS on the MS surface for a 24 h soaking time. The 
EDS analysis images are shown in Fig. 11 which impli-
cates that DMQS suppresses the corrosion rate of the 
MS surface. The MS surface without DMQS shows se-
vere corrosion. The percentage of elemental composi-
tion of smoothened MS, surface of MS in 0.1 M HCl 
solution and surface of MS in 0.1 M HCl containing 4 × 
10–5 M DMQS is displayed in Table 6. 

Computational methods. The DFT method has been 
used extensively by researchers to understand the inhi-
bition mechanism and illustrate the structural nature of 
the inhibitor [44– 47]. The geometrical optimized struc-
ture of the DMQS is shown in Fig. 12. The prediction 
of adsorption centers on the DMQS is done from the 
values obtained through the frontier molecular orbitals 

i.e., HOMO and LUMO. Structure of DMQS showing 
dissemination of HOMO energy and LUMO energy is 
displayed in Fig. 13. Eqs. 8 and 9 show that the ioniza-
tion potential (I) and electron affi  nity (A) are similar to 

Fig. 11. EDS analysis of (a) Smoothened surface of MS (b) Surface of MS in 0.1 M HCl solution and (c) Surface of MS in 0.1 M HCl 
containing 4 × 10–5 M DMQS.

Fig. 12. Optimised structure of DMQS.
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O
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Fe
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Mn

Mn

FeMnC
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Table 6. Composition of mild steel (weight %) of (a) smooth-
ened surface of MS (b) surface of MS in 0.1 M HCl solu-
tion and (c) surface of MS in 0.1 M HCl containing 4 × 
10–5 M DMQS

Element
Weight %

(a) (b) (c)
Fe 91.68 41.27 77.99
O   5.18 38.85 14.29
Mn   0.55   0.45   0.58
C   2.59 19.43   7.14
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the HOMO and the LUMO orbital energies of the inhib-
itor molecule as stated in Koopman’s theorem [48, 49].

HOMO ,I E                                    (8)
LUMO ,A E                                    (9)

The parameters relative to quantum chemical calcu-
lations namely, energy gap (∆E), electronegativity (χ), 

global hardness (η), fraction of electrons transferred (∆N), 
Softness (S) and electrophilicity (ω) were determined us-
ing Eqs. 10–15 [50, 51] and are shown in Table 7.

LUMO HOMO ,E E E                         (10)
LUMO HOMO( )

,
2

E E 
 

                    (11)
LUMO HOMO ,

2
E E

 
                      (12)

Fe inh

Fe inh
,

[2( )]
N

 
 

                         (13)
1 ,S 
                                   (14)

2
.

2


 
                                 (15)

The EHOMO of the inhibitor is relative with the ca-
pacity to donate electrons and a higher negative value 
indicates greater tendency to donate electron by getting 
adsorbed on the surface. The value of large energy gap 
in the molecule are considered to be stable and the one 
with small energy gap are considered to be reactive with 
good inhibition effi  ciency [52, 53]. The EHOMO value of 

Table 7. DFT at B3LYP//3-21G employed for DMQS quan-
tum chemical calculations 

Parameters Value
EHOMO, eV –6.25672
ELUMO, eV –1.90262
∆E, eV 4.35410
Ionization potential I, eV 6.25672
Electron affi  nity A, eV 1.90262
Dipole moment μ, Debye 6.53870
Electronegativity χ, eV 4.07970
Global hardness η, eV 2.17705
Softness S, eV–1 0.45934
ΔN 0.67070
ω, eV 4.35410

Fig. 13. Structure of DMQS showing distributions of (a) HOMO energy and (b) LUMO energy.

Fig. 14. Structure of DMQS with Mulliken charges on the optimised structure of DMQS.

(a) (b)
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DMQS infers that it has large potential to donate elec-
trons towards the metal surface. The energy gap value 
infers good inhibition effi  ciency. The prediction of in-
hibitory effi  cacy of inhibitor is done through fi nding 
the dipole moment (μ), i.e., inhibitor showing sturdy 
dipole-dipole interactions with the metal surface [10]. 
DMQS has a dipole moment value of 6.5424 Debye in-
ferring it to be an eff ectual inhibitor. The global softness 
value of DMQS is 0.459 eV–1 inferring its behaviour as 
a soft base inhibitor providing good adsorption with the 
metal atoms. The parameter for global chemical reactiv-
ity is known to be electrophilicity index (ω) [54]; A high 
value indicates that the inhibitor is a good electrophile 
and low value indicates it to be a good nucleophile. 

The Structure of DMQS with Mulliken charges on 
the optimised structure is shown in Fig. 14. Obot et al. 
and Elmsellem et al. have reported that the atoms of the 
absorbed center having atomic charge with higher nega-
tive value will have extra feasibility in donating its elec-
trons to the metal’s unoccupied orbital [55, 56]. Table 8 
exhibits the mulliken charges on the atom of the DMQS 
molecule and it is observed that the nitrogen atoms 
(N11, N24, N25, N28, N31 and N34) have high nega-
tive values inferring them to be the highest active sites 
for the adsorption of iron. The nitrogen atoms N11 and 
N28 have the highest negative value, i.e., –0.8970 and 
–0.9089 respectively, implying they have three bonds 

already and cannot form another bond. The carbon at-
oms (C3, C37 and C41) and oxygen atoms connected to 
sulphur atom (O45 and O46) show high negative value 
indicating them as highly reactive sites to allow the ad-
sorption on mild steel.

CONCLUSIONS

N-(4,6-Dimethylpyrimidin-2-yl)-4-[(quinazoline-
4-yl)amino]benzene-1-sulfonamide has been investigat-
ed and has proved its eff ectuality in corrosion inhibition 
for MS in aq. HCl by experimental and computational 
studies. Electrochemical impedance spectroscopy es-
tablished that the inhibitory effi  cacy had increased ap-
preciably with increased concentration of the DMQS 
and declined relatively with increment in temperature. 
The measurements of potentiodynamic polarization ren-
dered DMQS to be a mixed type inhibitor. Langmuir 
adsorption isotherm was obeyed by DMQS indicating 
the relative adsorption process to an activated complex 
formation. Retention of 77.99% of iron content in MS 
indicated the development of a protective layer in the 
presence of DMQS on the surface of MS that was con-
fi rmed through the EDS and SEM analysis. The Mul-
liken charges on the optimised molecule of DMQS 
show high negative values on the hetero atoms implying 
they are highly reactive sites to allow the adsorption on 

Table 8. Atoms of the DMQS molecule showing mulliken charge (B3LYP/ 3-21G (d, p) results in vacuo)

Individual atom Mulliken charge Individual atom Mulliken charge Individual atom Mulliken charge
C 1 –0.178425 C 17 –0.169618 C 33 0.298557
C 2 –0.165071 H 18 0.177448 N 34 –0.584420
C 3 –0.509441 C 19 –0.147796  C 35 –0.225221
C 4 –0.154956 C 20 –0.187754 H 36 0.183227
C 5 –0.200621 H 21 0.200570 C 37 –0.589278
C 6 0.344846 H 22 0.216186 H 38 0.224242
H 7 0.256112 H 23 0.203676 H 39 0.194802
H 8 0.239396 N 24 –0.620306 H 40 0.224993
H 9 0.240320 N 25 –0.580792 C 41 –0.590040
H 10 0.188291 C 26 0.227486 H 42 0.234012
N 11 –0.897066 H 27 0.226383 H 43 0.234429
H 12 0.336938 N 28 –0.908938 H 44 0.190540
C 13 0.699122 H 29 0.356791 O 45 –0.543739
C 14 –0.006492 C 30 0.803122 O 46 –0.549155
C 15 –0.216569 N 31 –0.596711 S 47 1.599282
C 16 0.237800 C 32 0.283838
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mild steel. The molecular quantum calculation results 
validated the effi  cacy of the inhibitor which equates to 
the experimental results. Organic inhibitors like DMQS 
with high inhibitory effi  ciency off er the scope to mani-
fest its applicability in protection of constructional ma-
terials with the added advantage of being environmen-
tally aff able. 
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