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Abstract: Corrosion of mild steel is a significant issue in various industrial applications, and the 
development of effective corrosion inhibitors is crucial for mitigating this problem. In recent years, 
bioactive metallic complexes have emerged as promising candidates for corrosion inhibition due to 
their unique properties and environmentally friendly nature. Aiming of this article to study the 
activity and effectiveness of corrosion inhibitors. Generally, inhibitors work on surface adsorption 
properties. Here, we are focusing on the study of inhibitor adsorption activity on metal surfaces by 
theoretical approach. Schiff base compounds show very good interaction with metal surfaces. 
Inhibitor interaction was measured by the Density Functional Theory study with the help of 

Fukui function of Schiff base complex clearly show that the complex 2 has better interaction with 
metal surface and show maximum efficiency. Very short time of theoretical calculation evidently 
tells us about the inhibitor activity of Schiff base complex. 

 
Keywords: DFT; Schiff base; Corrosion Inhibitor. 

 

1.  Prerequisites for the publication  
Corrosion is the severe attack on metals by their 

environment. Metal corrosion is one of the many issues in 
chemistry that have been tackled by the engineers and 
chemists in various industries. Microbial corrosion refers 
to the impact of different microorganisms on metal. As a 
result, corrosion inhibition is a tough problem for both 
chemists and engineers to master1). Corrosion inhibition 
by different materials occurs at the surface, where organic 
as well as inorganic complexes adhere to the metallic 
surface2).  The mixture of organic-inorganic hybrid 
molecules that are quickly active and have efficient 
surface chemistry to prevent corrosion are quite exciting 
to consider3). Better understanding the inhibitor’s 
mechanism, it’s very important to study the molecular 
orientation, favorable configuration, steric and electronic 
impacts, ionic charge on the molecule1,4). 

Experiments are typically expensive and complex, but 
they can be extremely essential in illuminating the 
inhibition process between metal and inhibitors. The 
improvement of software as well as hardware has made 
computational chemistry a valuable tool for corrosion 

inhibition research. To link the inhibitors' inhibitory 
efficacy with their molecular characteristics, a variety of 
quantum chemistry approaches and molecular modelling 
techniques have been used. In addition to being generally 
used to explore reaction pathways, quantum chemical 
calculations have also been found to be an effective 
computational research tool for investigating metal 
corrosion inhibition5). The effectiveness of inhibitor 
molecule is related to both its spatial molecular structure 
and electronic structure, establishing a link between 
quantum chemical characteristics and inhibition 
efficiency6).Quantum chemical approaches and molecular 
modelling techniques enable the description of a vast 
number of molecular characteristics, such as the reactivity, 
binding capabilities, and shape of a whole inhibitor 
molecule, as well as molecular fragments and substituents 
connected to it7).  

There haven't been many publications in the literature 
that investigate zinc complexes as active corrosion 
inhibitors of stainless steel. Recently our group (Das et 
al.)8) reported biologically active zinc (II) Schiff base 
complexes as corrosion inhibition. In line with this 
experimental evidence herein theoretical comparative 
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studies based on the quantum chemical approach are 
explored. Density functional theory and nucleophilic site 
prediction are applied as an evidential approach to 
measure the comparative corrosion inhibition property 
among the free amines, Schiff bases, and Zn (II) azido 
Schiff base complexes9). With detailed calculation and 
based on the hard soft acid base (HSAB) principle the 
experimental data matches perfectly with the theoretical 
calculations.   

 
2.  Experimental  
2.1  Sketching of the molecules with geometry 

optimization: 
Chem-Draw professional 16.0 software is used for the 

sketching of all amines, ligands and complexes. Geometry 
optimization is used to refine the geometry of their 
structures to decrease their conformational and torsional 
energies. Geometry optimization was done by Gaussian09 
software and the calculation of Fukui functions of 
optimized structure completed with the Accelrys Material 
Studio 7.0 software.  

 

Fig. 1: 2D structures of studied ligands and complexes. 
 

2.2  Quantum Chemical Calculations 
The Gaussians 09 package has been used for 

implementation of RB3LYP level theory for all 
calculations, which were performed in gaseous phase. For 
C, N, H, and O, the 6-311G (d, p) basis set is applied, 
while LANL2DZ is used for Zn in all calculations. The 
Dmol3 module was utilized to calculate the fukui 
functions. The first derivative of the electron density r) 
with respect to the number of electrons N, with a constant 
external potential r), is known as the fukui function (fk), 
and it is expressed as follows.  = ( ) ( )  (1) 

To obtain the fukui function in support of nucleophilic 
and electrophilic attack, finite difference approximations 
have been applied, 
 = ( + 1) ( )  [For nucleophilic attack]
     (2) 

 

= ( ) ( 1)  [For electrophilic attack]
      (3) 

Here, qk stands in for the atom k's gross charge. The 
charges of the cationic, neutral, and anionic species are, 
respectively, denoted qk (N-1), qk (N) and qk (N+1). 

 
3.  Results and discussion 
3.1  Quantum Chemical Calculations 

To investigate the active sites and local reactivity of 
molecules, quantum calculations were performed using 
Gaussian09 software. Simulations were also performed 
for amines, ligands and complexes using density 
functional theory (DFT) with B3LYP/6-311G basis set in 
gas phase. To examine the interaction between the frontier 
orbitals, involving the HOMO and LUMO, the 
calculations of the frontier molecular orbitals (FMO) have 
been investigated and simulated10). The resultant images 
of FMO with optimized geometry are illustrated in the 
figure. To minimize the torsional strength, all the 
molecules are optimized and brought to stable ground 
state. These calculations explain more about chemical 
reactivity and selectivity with the help of frontier orbitals 
(HOMO and LUMO), global hardness( global softness 

and electronegativity ( Furthermore, quantum 
calculations explain about local reactivity with Fukui 
function (Fk+), (Fk-) and (Fk0). electron affinity (A) and 
Ionization potential (I) were computed using the EHOMO 
and ELUMO, respectively11–14).  

  =   =  ( ) (r)   (4)  

 

stands for chemical potential, stands for 
electronegativity, E is total electronic energy and (r) is 
external potential.  
  =  ( ) (r)  = ( ) (r)  (5)  

 

is the second derivative of energy E and is defined as 
global hardness. It is part of density functional theory 
(DFT).  
 I =    (6) 

 A =    (7) 
 

Here, the energy of the highest occupied molecular 
orbital (EHOMO) is related to ionization potential (I) and the 
lowest unoccupied molecular orbital (ELUMO) is related 
with electron affinity (A). 
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  =   =      (8) 

  = 1            (9) 

 

In the following step, Pearson method15) is used for the 
calculation of N (fraction of electron transfer) from 
inhibitor to metal surface by following equation16). 
 N = 2( + ) 

 

The value of  Fe is 7 eV and Fe =0 eV has been used 
after referring to available literature to calculate the value 
of N15,17-21). 

 
Table 1: Detailed parameters of theoretical calculation. 

Compo
unds 

HO
MO 
(eV) 

LU
MO 
(eV) 

E 
(eV
) 

ELUMO

(Fe)-

EHOM

O(inh) 
(eV) 

 
(e
V) 

(e
V) 

N 

Comple
x 1 

-
5.05
9 

-
2.73
1 

2.32
3 

4.935 3.9
85 

1.1
64 

1.3
34 

Comple
x 2 

-
5.01
1 

-
2.70
8 

2.30
3 

4.887 3.8
59 

1.1
51 

1.3
64 

Ligand-
1 

-
9.02
2 

3.24
6 

12.2
68 

8.898 6.1
34 

2.8
88 

0.1
49 

Ligand-
2 

-
4.81
8 

-
1.16
0 

3.65
8 

4.694 2.9
89 

1.8
29 

1.0
96 

Amine-
1 

-
5.27
5 

2.24
4 

7.51
9 

5.151 3.7
59 

1.5
15 

1.0
69 

Amine-
2 

-
5.15
1 

2.06
9 

7.22 5.027 3.6
1 

1.5
41 

1.0
99 

 
The bonding capacity of the molecules were explained 

by HSAB concept and frontier-controlled interaction21,22). 
The electron giving ability is denoted by EHOMO. As a 
result, high EHOMO values help in the delivery of electrons 
to an acceptor with a low empty orbital23). With higher 
EHOMO levels, the efficiency of inhibition improves. High 
EHOMO values indicate that the molecule tends to give 
electrons to the proper acceptor molecules when the 
molecule possesses a low-energy empty molecular 
orbital24). 

When metal atoms, such as Zn, cohere with hard 

molecules, they create a larger HOMO–LUMO gap 
opposed to when they bind with soft molecules, where a 
smaller HOMO–LUMO gap is expected16). The HOMO-
LUMO gap of complex 1 is quite larger than complex 2. 
So, we can conclude that complex 2 is softer than complex 
1 from the value obtained in Table 1. The reactivity of the 
molecules towards the metal surface is evident by the 

19). The 
results obtained from (Table 1) indicate that the compound 
ligand-1 has lowest HOMO energy (EHOMO) whereas the 
compound ligand-2 has the highest HOMO energy 
(EHOMO) among these compounds. Also, considering 
ELUMO, among all other compounds, compound ligand-1 
has the highest. It is also evident that ligand-2 has the 

LUMO(Fe) -EHOMO) as compared 
to other compounds. The smallest energy gap implies that 
ligand-2 can transfer an electron from HOMO to LUMO 
level easily. It signifies that this energy gap difference is 
basically supported by the increase in the LUMO energy 
of ligand-1 and amine-1 compounds. This implies a 
decrease in the donor capability. Based on these results, it 
can be validated that the overlapping of orbitals in ligand-
2 is highest in comparison to the rest of the compounds. 

Generally, electronegativity values will decrease as 
inhibition efficiency increase since good inhibitors 
contribute electrons to the metallic surface25). Additionally, 
Table 1 shows the values of for existing system. The 
trend in the electronegativity values for the indicated 
inhibitors shows that ligand-2 has the lowest value. When 
compared to ligand-1, this action increases its adsorption 
on the mild steel surface consequently increasing its 
corrosion prevention performance. Furthermore, to satisfy 
the study calculation of number of electrons transported 

or to metallic surface. 

electron acceptors16). 
ligand-1 is the lowest and it indicates that the adsorption 
of Ligand-1 will be much less as compared to ligand-2. In 

-2 has little 

tendency than amine 1. For complex 1 and complex 2, the 
an complex 

1. It shows that complex-2 has a better electron transfer 
system than complex-1, which also justifies the previous 
experimental conclusion with studied theoretical data. 
These results justify the chemisorption as well as 
physisorption which took place for the adsorption of 
complexes. 
 
Table 2: Concentration dependent EIS data from experimental 

work7). 
Inhib
itor 

Conce
ntratio
n 
(g/L) 

Rs 
( c
m2) 

Rp=R
ct+Rf 
( cm
2) 

N Y0 
( F/
cm2) 

Cdl 
( F/
cm2) 

i
m
p 

-626-



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 02, pp624-631, June, 2024 

 
(%
) 

Blan
k 

 1.0
5  

17.28 0.8
04
7 

405.
9 

121.
79 

 

Com
plex-
1 

0.2 2.6
3 

102.4
7 

0.9
99
9 

33.2
0 

33.2 83
.1
3 

Liga
nd-1 

0.2 1.2
7 

51.94 0.4
68
7 

168
1.0 

89.5 66
.7
3 

Com
plex-
2 

0.2 1.5
0 

135.5
8 

0.9
99
9 

17.6
3 

17.6 87
.2
5 

Liga
nd-2 

0.2 1.2
7 

64.93 0.9
99
9 

43.6 43.7 73
.3
8 

 
For simplification nomenclature, Complex 37)  

Complex 1; Complex 47)  Complex 2. 
 
3.2  Fukui Function 

For the additional support, Fukui function calculations 
were performed, which is a crucial method for identifying 
the molecular constituents most frequently involved in 
this donor-acceptor type of interaction26). The local 
reactivity of a molecule as well as its nucleophilic and 
electrophilic behavior can be precisely predicted using 
Fukui indices analysis27). The greater value of fk+ denotes 
the metal surface's acceptance of an electron, while the 
larger value of fk- signifies the inhibitor molecules' 
greater potential for electron donation16).  

 
Table 3: Fukui functions for complex 

COMPLEX 1 COMPLEX 2 
Ato
ms 

Fk+ Ato
ms 

Fk+ Ato
ms 

Fk+ Ato
ms 

Fk+ 

Zn(1
) 

-
0.01
2 0.02 

0.00
4 

Zn(1
) 

-
0.00
6 

0.01
8 

0.00
6 

N(2) 
0.05
5 

-
0.02
5 

0.01
5 C(2) 

0.01
4 

-
0.00
8 

0.00
3 

N(3) 
0.09
3 

-
0.02
2 

0.03
5 C(3) 

0.07
5 

0.00
7 

0.04
1 

N(4) 

-
0.01
3 

-
0.01
6 

-
0.01
4 C(4) 

0.03
6 

0.00
9 

0.02
3 

N(5) 
-
0.03 

0.14
8 

0.05
9 C(5) 

0.02
4 0.01 

0.01
7 

N(6) 
0.01
2 

0.05
6 

0.03
4 C(6) 

0.04
6 

-
0.00
4 

0.02
1 

N(7) 0.06 0.19 
0.12
5 C(7) 

0.09
1 

0.01
2 

0.05
1 

N(8) 
0.00
3 

0.15
2 

0.07
7 C(8) 

-
0.02
4 

-
0.00
6 

-
0.01
5 

N(9) 
0.00
4 0.06 

0.03
2 C(9) 

-
0.04 

-
0.00
7 

-
0.02
3 

N(10
) 

0.05
5 

0.19
2 

0.12
3 

C(10
) 

-
0.01 

-
0.00
7 

-
0.00
8 

C(11
) 

0.01
1 

-
0.00
9 

0.00
1 

C(11
) 

-
0.01
1 

-
0.00
2 

-
0.00
6 

H(12
) 

0.05
3 

-
0.00
1 

0.02
6 

C(12
) 

-
0.00
7 

-
0.00
9 

-
0.00
8 

C(13
) 

0.07
3 

0.00
6 0.04 

C(13
) 

-
0.00
3 

-
0.00
4 

-
0.00
3 

H(14
) 

0.06
6 

0.02
5 

0.04
6 

C(14
) 

-
0.00
6 

-
0.00
8 

-
0.00
7 

C(15
) 

0.03
6 0.01 

0.02
3 

N(15
) 

0.05
7 -0.03 

0.01
3 

H(16
) 

0.06
4 0.03 

0.04
7 

N(16
) 

0.09
8 

-
0.02
6 

0.03
6 

C(17
) 

0.02
1 

0.00
9 

0.01
5 

N(17
) 

-
0.00
7 

-
0.01
2 

-
0.01 

H(18
) 

0.05
5 

0.02
6 0.04 

N(18
) 

-
0.03
2 

0.15
4 

0.06
1 

C(19
) 

0.04
6 

-
0.00
4 

0.02
1 

N(19
) 

0.01
3 

0.05
6 

0.03
4 

C(20
) 

0.08
7 

0.01
2 0.05 

N(20
) 0.06 

0.18
9 

0.12
4 

C(21
) 

-
0.02
4 

-
0.00
6 

-
0.01
5 

N(21
) 

-
0.03
5 

0.16
9 

0.06
7 

H(22
) 

0.04
3 0.02 

0.03
2 

N(22
) 

0.01
4 

0.05
8 

0.03
6 

H(23
) 

0.03
8 

0.01
3 

0.02
6 

N(23
) 

0.06
3 

0.19
5 

0.12
9 

H(24
) 

0.04
3 

0.01
4 

0.02
9 

H(24
) 

0.05
3 

-
0.00
1 

0.02
6 

C(25
) 

-
0.03
8 

-
0.00
9 

-
0.02
4 

H(25
) 

0.06
6 

0.02
3 

0.04
4 

H(26
) 

0.05
4 0.02 

0.03
7 

H(26
) 

0.06
3 

0.02
8 

0.04
5 

H(27
) 

0.04
4 

0.02
1 

0.03
3 

H(27
) 

0.05
4 

0.02
4 

0.03
9 

C(28
) 

-
0.01 -0.01 

-
0.01

H(28
) 

0.04
4 

0.01
3 

0.02
8 
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1 1 

H(29
) 

0.01
6 

-
0.00
5 

0.00
5 

H(29
) 0.04 

0.01
5 

0.02
7 

H(30
) 

0.03
7 

0.03
5 

0.03
6 

H(30
) 

0.04
4 

0.01
8 

0.03
1 

C(31
) 

-
0.00
5 

-
0.00
7 

-
0.00
6 

H(31
) 

0.04
3 

0.02
1 

0.03
2 

H(32
) 

0.02
7 

0.03
6 

0.03
1 

H(32
) 

0.05
2 

0.01
6 

0.03
4 

H(33
) 

0.01
3 

-
0.01
6 

-
0.00
1 

H(33
) 

0.03
5 0.03 

0.03
3 

H(34
) 

-
0.01
3 

0.01
5 

0.00
1 

H(34
) 

0.01
3 -0.01 

0.00
2 

C(36
) 

-
0.01
1 0 

-
0.00
6 

H(35
) 

0.00
3 

-
0.01
5 

-
0.00
6 

H(37
) 

0.02
6 

0.03
8 

0.03
2 

H(36
) 

0.02
3 

0.03
5 

0.02
9 

H(38
) 

0.00
9 

-
0.00
3 

0.00
3 

H(37
) 

-
0.00
4 

-
0.03
3 

-
0.01
8 

H(39
) 

0.01
1 

-
0.01
1 0 

H(38
) 

0.02
2 

0.03
1 

0.02
6 

    H(39
) 

0.00
9 

0.01
3 

0.01
1 

    
H(40
) 

-
0.01
7 

0.01
1 

-
0.00
3 

    
H(41
) 0.01 

-
0.02
1 

-
0.00
5 

    H(42
) 

0.00
1 

0.01
9 0.01 

    H(43
) 

0.01
9 

0.01
9 

0.01
9 

    H(44
) 

0.01
8 

0.01
2 

0.01
5 

 
Table 4: Fukui functions for ligand 

LIGAND 1 LIGAND 2 
Ato
ms 

Fk+ Fk- Fk0 Ato
ms 

Fk+ Fk- Fk0 

N(1) 
0.08
7 

0.00
4 

0.04
6 C(1) 

0.01
1 

0.00
4 

0.00
8 

N(2) 
0.09
6 

-
0.01
1 

0.04
3 C(2) 

0.08
3 

0.01
3 

0.04
8 

N(3) 

-
0.02
8 0.25 

0.11
1 C(3) 0.05 

0.00
7 

0.02
8 

C(4) 0.00 0.00 0.00 C(4) 0.01 0.00 0.01 

9 5 7 3 7 

H(5) 
0.07
2 

0.02
3 

0.04
8 C(5) 

0.06
5 

-
0.00
5 0.03 

C(6) 0.09 
0.01
2 

0.05
1 C(6) 

0.05
3 

0.01
4 

0.03
4 

H(7) 
0.08
2 

0.02
7 

0.05
5 C(7) 

-
0.02
5 

-
0.01
1 

-
0.01
8 

C(8) 
0.05
7 

0.00
5 

0.03
1 C(8) 

-
0.03
7 

-
0.02 

-
0.02
8 

H(9) 
0.07
7 

0.02
1 

0.04
9 C(9) 

-
0.01
4 

-
0.05
6 

-
0.03
5 

C(10
) 

0.00
6 

-
0.00
5 0 

C(10
) 

-
0.00
2 

-
0.06
2 

-
0.03
2 

H(11
) 

0.06
6 

-
0.00
8 

0.02
9 

C(11
) 

-
0.00
4 

-
0.03
6 

-
0.02 

C(12
) 

0.07
7 

-
0.00
5 

0.03
6 

C(12
) 

-
0.01
2 

-
0.05
2 

-
0.03
2 

C(13
) 

0.04
1 

0.00
1 

0.02
1 

C(13
) 

-
0.00
8 

-
0.02
1 

-
0.01
4 

C(14
) 

-
0.02
4 0 

-
0.01
2 

N(14
) 

0.08
2 

-
0.02
4 

0.02
9 

H(15
) 

0.05
4 

-
0.03
6 

0.00
9 

N(15
) 0.11 

-
0.03
1 0.04 

H(16
) 

0.02
6 

0.04
1 

0.03
3 

N(16
) 

-
0.00
7 

0.25
4 

0.12
4 

H(17
) 

0.04
8 0.03 

0.03
9 

H(17
) 

0.06
8 

0.01
3 0.04 

C(18
) 

-
0.02
8 

-
0.02
2 

-
0.02
5 

H(18
) 

0.07
9 

0.02
7 

0.05
3 

H(19
) 

0.03
7 

0.02
9 

0.03
3 

H(19
) 

0.07
3 

0.02
6 

0.04
9 

H(20
) 

0.04
8 

0.06
2 

0.05
5 

H(20
) 

0.06
1 

0.01
6 

0.03
9 

C(21
) 

-
0.01
2 

-
0.05
6 

-
0.03
4 

H(21
) 

0.04
4 

-
0.00
3 

0.02
1 

H(22
) 

0.01
7 

0.06
8 

0.04
3 

H(22
) 

0.04
7 

0.03
3 0.04 

H(23
) 

0.04
3 

0.10
5 

0.07
4 

H(23
) 

0.03
2 

0.02
4 

0.02
8 

C(24
) 

-
0.01
3 

-
0.06
8 

-
0.04
1 

H(24
) 

0.05
6 

0.05
8 

0.05
7 

H(25 0.03 0.12 0.07 H(25 0.04 0.03 0.03
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) 8 9 ) 1 1 6 
H(26
)

0.01
6

0.08
2

0.04
9

H(26
)

0.03
7

0.06
6

0.05
2

H(27
) 

0.00
2 

0.08
2

0.04
2 

H(27
) 0.02 

0.09
7 

0.05
8 

C(28
) 

-
0.00
7 

-
0.06
3

-
0.03
5 

H(28
) 

-
0.03
4

0.06
2 

0.01
4 

H(29
) 0.03 

0.13
2

0.08
1 

H(29
) 

0.02
8

0.10
9 

0.06
9 

H(30
) 

-
0.01
2 

0.08
3

0.03
6 

H(30
) 

-
0.01
1

0.04
3 

0.01
6 

H(31
) 

0.01
4 

0.08
3

0.04
8 

H(31
) 

0.00
6

0.06
6 

0.03
6 

H(32
) 0.03 0.04

0.03
5

    
H(33
) 

0.01
3

0.07
5 

0.04
4 

    
H(34
) 

0.01
5 0.07 

0.04
3 

    
H(35
) 

0.00
6

0.04
6 

0.02
6 

    
H(36
) 

0.02
4

0.07
9 

0.05
1 

    
H(37
) 

0.00
7 0.04 

0.02
4 

 
Table 3 and Table 4 represent the calculated Fukui 

indices. The outcomes of the calculations show that the 
azide and acetyl pyridine moiety's N and C atoms are the 
most open to accepting or donating electrons. For complex 
2, relatively high fk- values was noticed for atoms like  

Fig. 2: The frontier molecular orbital figures of studied 
molecules. 

N(18), N(20), N(21), N(22) and N(23) which indicate 
that N atoms of azide has higher affinity to donate 
electrons to the steel surface. Ligand-2 has lower fk- 
values in compared to complex-2, which suggest that the 
greater number of N will help to donate more electrons 
and it will have higher affinity towards steel surface16).  
In complex 1, value of fk+ of the following atoms: N(2), 
N(3), C(13) and C(20) prove that the pyridine ring's C 
atoms and the terminal N atoms of azide are take electron 
from the mild steel surface. The value from the table 
clearly proves that Zn(1) in Complex 1 is less likely than 
complex 2 to absorb electrons from the surface of steel. 
Similarly, While the N atoms in the azide component of 
complex 2 are more capable of donating electrons, the C 
atoms on the acetyl pyridine ring encourage higher 
acceptance of electrons from metallic surfaces. Complex 
2 is better at preventing efficiency than complex 1 because 
it has more heteroatoms than complex 1, which gives that 
compound a susceptibility for both electrophilic and 
nucleophilic approach.  
 
3.3 Molecular electrostatic potential surface (MEP): 

Over the last 30 years, molecular electrostatic potential 
(MEP) has been used widely in scientific research for the 
investigation. Reactivity of molecules towards charged 
species can be determine by electrical potential28). 
Sensitivity of molecules with nucleophilic and 
electrophilic reactants can be determine with the MEP. To 
get shape, size and charge all at once; Molecular 
electrostatic potential surfaces are reliable tools for it29). 

 

Fig. 3: Molecular electrostatic potential surfaces of the studied 
molecules 

 
For analysis, geometry optimization was done by DFT 

-629-



T Azide Assisted Corrosion Inhibition of Mild Steel by Bioactive Metallic Complexes – A Quantum Chemical Investigation 

 
method at B3LYP level of approximation with 6-311+G 
(d, p) basis set to determine the features of amines, ligands 
and metal complexes. Accelrys Material Studio 7.0 
software is used for visualization purposes as shown in Fig. 
3. The magnitude of electrostatic potential can be 
determined by the several different colors of MEP 
surfaces. Red represents the highest potential followed by 
orange, yellow, green and blue. Blue color represents the 
least magnitude of electrostatic potential in the 
molecule11). Red regions are more suitable regions for the 
electrophilic attack because of red color infers as negative 
potential and electron rich regions. Usually, over 
hydrogen atoms and carbon atoms have blue and green 
color regions, which indicates positive potential and it 
favors nucleophilic attack29-31). 
 
4.  Conclusion 

The theoretical study of pseudo-halide promoted 
corrosion inhibitors were successfully performed using 
DFT with B3LYP/6-311G and quantum chemical 
parameters connected to the inhibitor molecules' 
electronic structures confirmed their ability to inhibit 
through HOMO, LUMO, N, electron densities, while 
Fukui indices suggest that the molecules may adsorb to 
the surface of steel through free sites of N atoms in 
complex. The presence of free N enhances the ability of 
inhibition. The comparative study of ligands and 
complexes gives the important conclusion that complexes 
are better inhibitors because of the free N atoms. A similar 
pattern was also followed in the experimental study of the 
inhibitors which proves the credibility of the theoretical 
data. 
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