
INTRODUCTION

The use of corrosion inhibitor is one of the
most effective and highly cost-effective measures
to mitigate corrosion of mild steel in acidic media1-

4. Most of acid corrosion inhibitors are organic
compounds containing electronegative atoms
(such as sulfur, phosphorus, Nitrogen, and oxygen,
etc.), the unsaturated bonds (such as, double bonds
or triple bonds, etc.) and the plane conjugated
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ABSTRACT

The density functional theory (DFT) at the B3LYP/6-31G (d,p) basis set level method were
performed on three hector bases used as corrosion inhibitors; namely, 3-anilino-5-imino-4-phenyl-
1, 2,4-thiadiazoline (AIPT), 3-anilino-5-imino-4-tolyl-1, 2,4-thiadiazoline (AITT), and 4-(4-
chlorophenyl)-5-imino-N-phenyl-4,5-dihydro-1,2,4-thiadiazol-3-amine (AICT). They were used as
corrosion inhibitors for mild steel in acidic medium in order to determine the relationship between
molecular structure and their corresponding inhibition efficiency (%IE). The results of the quantum
chemical calculations and experimental %IE were subjected to correlation analysis. This indicates
that their inhibition effects are closely related to the highest occupied molecular orbital energy
(EHOMO), the lowest unoccupied molecular orbital energy (ELUMO), the energy gap (E), the hardness
(), the softness (), the electronegativity (), and the fraction of electrons transferred from the
inhibitor molecule to the metal surface (N). In addition, the local reactivity has been analyzed
through the Fukui function. Two QSAR equations were developed and used to predict the corrosion
inhibition efficiency for hector bases.

Key words: hector bases, Inhibition of corrosion, Quantum chemical parameters, Fukui function.

systems including all kinds of aromatic cycles5-11.It
has been reported that the best efficiencies of N-
containing inhibitors have been shown in
hydrochloric acid12. The adsorption of the examined
thiadiazole molecules can occur as a result of the
formation of links between the d-orbital of iron
atoms, which involve the displacement of water
molecules from the metal surface by the lone sp2

electron pairs present on the N atoms of both the
heterocyclic rings and S atom of thiadiazole ring.
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Quantum chemical calculations have been widely
used to study the reaction mechanism of corrosion
inhibition or even predict with confidence some
experimentally unknown properties13-16.

These studies have been successfully
performed to link the corrosion inhibition efficiency
and have provided specific information about charge
distribution, molecular structure, the frontier
molecular orbital energy (EHOMO, ELUMO, etc.) and
adsorption processes of corrosion inhibitors.

The objective of this work is to investigate
the dependence of inhibition efficiency of three
hector bases used as corrosion inhibitors namely
3-anilino-5-imino-4-phenyl-1, 2,4-thiadiazoline
(AIPT), 3-anilino-5-imino-4-tolyl-1, 2,4-thiadiazoline
(AITT), and 4-(4-chlorophenyl)-5-imino-N-phenyl-
4,5-dihydro-1,2,4-thiadiazol-3-amine (AICT)  and
used as corrosion inhibitors towards mild steel in
hydrochloric acid with their calculated quantum
chemical parameters in the neutral forms using
statistical tool .These inhibitors have been reported
by M.A.Quraishi et al.17.The study has been
conducted by polarization measurements,
impedance techniques and weight loss
measurements. Using both electrochemical
polarization and weight loss techniques, and found
that all hector bases reduce the corrosion of steel.

Computational method
The structures optimized by using: DFT

(density functional theory) with The Becke’s three-
parameter hybrid functional18 was combined with
the Lee, Yang, and Parr (LYP) correlation
functional19 and denoted as B3LYP theory and was
employed in the DFT calculations using 6-31G (d,p)
basis set. In all cases, the quantum chemical
calculations were performed with complete
geometry optimizations are implemented by means
of Gaussian 03 (Review B.05) program software
package20.

According to Koopman’s theorem21,
Frontier molecular orbitals (HOMO and LUMO)
could be used to predict the adsorption centers of
the inhibitors. For the simplest transfer of electrons,
adsorption should occur at the part of the molecule
where the softness, , which is a local property, has
the highest value. The EHOMO and ELUMO of the inhibitor

molecule are related to the electron affinity, A, and
the ionization potential, I, respectively, are given by:
I=-E

HOMO
 and A= - E

LUMO
.

Absolute electronegativity, , and absolute
hardness, , of the Inhibitor molecule were
calculated by using the values of I and A and given

by: and .And the global softness,

, is the inverse of the global hardness: .

Thus the fraction of electrons transferred
from the inhibitor to metallic surface, N, as follow22:

...(1)

RESULTS AND DISCUSSION

Quantum chemical calculations were
carried out to research the effect of Geometric and
electronic structural parameters on the inhibition
efficiency of inhibitors and powerful tools for studying
their adsorption mechanisms on the metal surface23.
The optimized molecular structures with minimum
energies obtained from the calculations are given
in Fig. 1.

Quantum chemical parameters obtained
from the calculations which are responsible for the
inhibition efficiency of inhibitors, such as the
energies of highest occupied molecular orbital
(EHOMO), energy of lowest unoccupied molecular
orbital (ELUMO), the separation energy (ELUMO-EHOMO),
E, representing the function of reactivity, the net
charge on the functional group, dipole moment, µ,
global hardness (), softness ,(), and the fraction
of electrons transferred from the inhibitor to iron
surface (N) for the neutral inhibitors are collected
in Table 2 .

The hector bases may adsorb on the metal
surface in the form of neutral molecules involving
the displacement of water molecules from the metal
surface and sharing of electrons between the
nitrogen and sulfur atoms in the hector base
molecule and the metal surface.
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Table 1: Names, molecular structure, the abbreviation and atom numbering of the inhibitors investigated

Inhibitor Conformation Abbreviation

3-anilino-5-imino-4-phenyl-1,2,4-thiadiazoline

 

S
1

N
2

N 4
HN6

H
N

7

AIPT

3-anilino-5-imino-4-tolyl-1,2,4-thiadiazoline  

 

S
1

N
2

N 4

HN6
H
N

7

AITT

4-(4-chlorophenyl)-5-imino-N-phenyl-4,5-dihydro

 

S
1

N
2

N 4
H
N

7

HN6

Cl

-1,2,4-thiadiazol-3-amine AICT

Table 2: The calculated quantum chemical parameters for the neutral inhibitors

EHOMO ELUMO E    µ N %IE

AIPT -5.558 -0.808 4.755 2.377 0.421 3.181 5.625 0.803 68.5
AITT -5.516 -0.707 4.809 2.404 0.416 3.112 5.991 0.808 74.8
AICT -3.481 1.107 4.589 2.294 0.436 1.187 2.329 1.26 79.7

Neutral inhibitor
Frontier molecular orbitals (HOMO and

LUMO) may be used to predict the adsorption
centers and involved in the activity properties of
the inhibitor molecule. The higher the energetic
level (HOMO) of the inhibitor, the greater the trend
of offering electrons to unoccupied orbital of the
iron metal, and the higher the corrosion inhibition
efficiency for iron in HCl acid solutions; if the energy
of HOMO level was determined for the inhibitor
properties, the ranking of the compounds should
be:

AICT >AITT >AIPT, EHOMO

This agrees well with the experimental
observations. Another parameter of the molecular
structure is energetic level of (LUMO), in addition,
the lower the LUMO energy, the easier the
acceptance of electrons from metal surface, the
calculations also shows that AIPT has the lowest
ELUMO, so it has the greatest ability to interact with
the metal surface. If the energy of LUMO level was
determined for the inhibitor properties, the ranking
of the compounds should be:

AICT >AITT >AIPT; ELUMO
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The trend across structures in the ELUMO of
the compounds is not in good agreement with the
trend in the inhibition efficiencies of the inhibitors.

The separation energy, (E= ELUMO-EHOMO)
is another important factor as a function of reactivity
of the inhibitor molecule towards the adsorption on
metallic surface. As E decreases, the reactivity of
the molecule increases leading to increase the
inhibition efficiency of the molecule i.e. a molecule
with a low energy gap is more polarizable and low
kinetic stability and is generally associated with the
high chemical activity and is named soft molecule24.
The results obtained from quantum chemical
calculation are listed in Table 2. The calculations
indicate that AICT has the lowest value which
means the highest reactivity among the other
inhibitors. The order of reactivity in this case will be:
AIPT >AITT >AICT; (E)

The number of electrons transferred (N)
was also calculated depending on the quantum
chemical method as in Eq. (1).Values of N showed
inhibition effect resulted from electrons donation

.Using a theoretical  value of 7 eV/mol according
to Pearson’s electronegativity scale25 and  value
of 0eV/mol for iron atom21, According to Lukovits’s
study26, the inhibition efficiency increased with
increasing electron-donating ability at the metal
surface. In this study, the three selected organic
compounds will be expected to inhibit the iron
corrosion through donations of electrons to the iron
surface that will be the electron acceptor as
indicated in Table 2.

The order of N is presented as follows;
AICT >AITT >AIPT, and the order is the same as in
the values of the experimental corrosion inhibition
efficiency (%IE).

The dipole moment (µ) is an index that
can also be used for the prediction of the direction
of a corrosion inhibition process and provides
information on the polarity of the molecule and it is
also a good reactivity indicator. The dipole moment
is a good reactivity indicator and also is related to
the distribution of electrons in a molecule27. the
literature is variable over the use of µ as a predictor

Table 3: The condensed Fukui functions on the atoms of the studied compounds

AIPT AITT AICT

Atom ƒ - ƒ + charge Atom ƒ - ƒ + charge Atom ƒ - ƒ + charge

S1 0.14 0.253 0.337 S1 0.197 0.232 0.355 S1 0.243 0.281 0.311
N2 0.053 0.072 -0.563 N2 -0.616 0.071 -0.563 N2 -0.338 -0.188 -0.302
N4 -0.028 0.016 -0.533 N4 -0.508 0.017 -0.534 N4 0.224 -0.292 -0.228
N6 0.043 0.099 -0.579 N6 -0.622 0.098 -0.579 N6 -0.355 -0.157 -0.322
N7 -0.004 0.138 -0.638 N7 -0.634 0.036 -0.638 N7 0.283 -0.306 -0.294

Fig. 1: The optimized molecular structures, HOMO and LUMO
of the neutral inhibitor molecules using DFT/B3LYP/6-31G (d p)
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for the direction of a corrosion inhibition reaction, it
is agreed that the adsorption of polar compounds
possessing high dipole moments on the metal
surface should lead to better inhibition efficiency28,

29 and should lead to worse inhibition efficiency but
on the other hand, a survey of literature reveals that
the dipole moment does not correlate well with the
corrosion inhibition efficiencies of the inhibitors30.
In the current work, the trend across structures in
the dipole moment of the compounds is not in good
agreement with the trend in the inhibition efficiencies
of the inhibitors.

Pearson presented the quantities of
electronic hardness () and softness () in his hard–
soft–acid–base principle (HSAB)31 The species are
classified as soft (hard) if their valence electrons
are easy (hard) to polarize or to remove and a hard
molecule has a large energy gap, and a soft
molecule has a small energy gap. According to this
theory, soft acids interact preferentially with soft
bases and hard acids interact preferentially with
hard bases. Metals are generally considered to be
soft acid; consequently they would like interact with
inhibitors that have high  values and low  values32,

33. The  values for the investigated compounds
follow the trend AICT >AITT >AIPT, which is in good
agreement with experimentally determined
inhibition efficiency of the inhibitors.

The Table 2 shows the order of
electronegativity as AIPT> AITT> AICT. Hence an
increase in the difference of electronegativity
between the metal and the inhibitor is observed in
the order AICT >AITT >AIPT. According to
Sanderson’s electronegativity equalization
principle34, the electron flow happens from the
molecule with the low electronegativity towards that
with a higher value, until the chemical potentials
are the same. AICT with a high electronegativity
and low difference of electronegativity quickly
reaches equalization and hence low reactivity is
expected which in turn indicates low inhibition
efficiency.

Local Reactivity
Fukui functions proposed by Parr and

Yang35, as measurement of local reactivity of the
molecules indicative of the reactive regions and the
nucleophilic and electrophilic behavior of the

molecule. The Fukui function f
k 
is defined as the first

derivative of the electronic density with respect

to the number of electrons N in a constant external

potential 36:

...(2)

Yang and Mortier37 proposed that Fukui
functions can be written:

...(3)

...(4)

Where qk(N), qk(N+1) and qk (N- 1) are
determined as the atomic charges of the neutral,
anionic and cationic species, respectively.

The f
k
+ measures the changes in density

when the molecule gains electrons, and it
corresponds to reactivity with respect to nucleophilic
attack. The site for nucleophilic attack will be the
place where the value of f

k
+ is a maximum. On the

other hand, the site for electrophilic attack is
controlled by the value of f

k
- and the highest value

of f
k

- corresponds to a possible site for an
electrophilic attack.

As can be seen from Table 3, the nitrogen
atoms contain the surplus of negative charge.
Among the nitrogen atoms, the highest negative
charge is located on the N7 in AIPT and AITT. It is
confirmed that the more negative the atomic
charges of the adsorbed center, the more easily
the atom donates its electrons to the unoccupied
orbital of metal. Therefore, these atoms contain the
surplus of negative charge should be the active
adsorption sites. On the other hand, the sulfur atom
contains the surplus of positive charge. The highest
positive charge among the sulfur atoms related to
sulfur atom of AICT. Thus, the N2, N4, N6 and N7
may be the most active adsorption sites. It is thought
that the more positive the atomic charge leads to
more easily the atom acceptance of metal electrons
to the unoccupied orbital of sulfur atom. Further
analysis of fukui functions (Table 3) show that the
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N1 and N3 are the most susceptible sites for the
electrophilic attacks as they present the highest
values The highest value of and the most
susceptible sites for the electrophilic attacks are
S1 and N2 in AIPT and AITT and S1 in AICT.

QSAR study
In this investigation, quantitative structure

and activity relationship (QSAR) has also been
used to correlation between quantum chemical
parameters and the observed inhibition efficiency
of the studied inhibitors. The experimental
determination the adsorption of the studied
inhibitors on the mild steel surface follows
Langmuir’s adsorption isotherm. Therefore, it is
practical to use the linear and the non-linear
mathematical models proposed by Lukovit,s et al.38,
in order to correlate the observed inhibition
efficiency to the calculated quantum chemical
parameters. The linear model approximates
inhibition efficiency (IEcal %) has the form:

...(5)

The non-linear model has been
employed:

    ...(6)

Where IEcal% is the inhibition efficiency, A
and B are the regression coefficients determined
by regression analysis, Xj is a quantum chemical
index characteristic for the molecule (j) and Cinh,i

denotes the concentration of the inhibitor in
experiment i.

The best linear and non-linear equations
resulting were using DFT/B3LYP/6-31G (d, p) for
from the combination of the EHOMO, ELUMO, E and N
parameters have these forms;

...(7)

 ...(8)

The correlation coefficient values (R2)
were obtained for the linear, resistance and non-
linear models were 0.926 and 0.634. The best
equation resulting from these models was obtained
from linear model.

CONCLUSION

The correlation between the quantum
chemical parameters and inhibition efficiency of
some hector bases was investigated using DFT/
B3LYP calculations. The inhibition efficiency of the
inhibitor is closely related to the quantum chemical
parameters, EHOMO, , , , and N for the neutral
inhibitors and no significant relationship was found
with parameters, µ and ELUMO. It was shown by fukui
functions that the N1 and N3 atoms are the most
susceptible sites for the electrophilic attacks and
the most susceptible sites for the electrophilic
attacks are S1 and N2 atoms in AIPT and AITT
molecules and S1 atom in AICT molecule. The
inhibition efficiency of the inhibitors is closely related
to the quantum chemical parameters and the linear
model presented the best correlation with
experimental data. The prediction of corrosion
efficiencies of these compounds elegantly matched
to the experimental measurements.
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