Kubba and Khathem Iragi Journal of Science, 2016, Vol. 57, No.2B, pp:1041-1051

Y e

Iraqi
Journal of

Science

ISSN: 0067-2904
GIF: 0.851

Theoretical Studies of Corrosion Inhibition Efficiency of Two New N-
Phenyl-Ethylidene-5-Bromo Isatin Derivatives

Rehab Majed Kubba*, Mustafa Mohammed Khathem
Department of Chemistry, College of Science, University of Baghdad, Baghdad, Iraq

Abstract:

PM3 and DFT (B3LYP) with a 6-311++G (2d, 2p) level of theoretical quantum
mechanical calculations were employed to give investigation into the inhibition
efficiency of the two new N-phenyl-ethylidene-5-bromo isatin derivatives which are
N-phenyl-ethylidene-5-bromo-3[(imine aceto) urea]-2-oxo indole (NPEO) and N-
phenyl-ethyeidine-5-bromo-3[(imine aceto) thiourea]-2-oxo indole (NPES). The
calculated physical properties and quantum chemical parameters correlated to the
inhibition efficiency all are studied and discussed at the equilibrium geometry in a
vacuum, dimethyl sulfoxide and aqueous at their correct symmetry.

Keywords: corrosion inhibitor, theoretical, PM3, DFT, N-benzyl-5-Bromo lsatin
derivatives.

Glitda (pa Cpasa Ouitda Judy sl laal) saa JST dauds 5o LSt 4 a3 A
O] sa9 5= 5= Ol Juié-N

ABlS dasa dhias A8 3l Gilay

Ghall calary calasy Aaala caglall S (o Lal) ol

il

sie DFT &) Jlps dpplaiy PM3 il sailadl o901 dlilSe cibln il Ciad) (e

Gl & Gaussian—09 malin alaaiuls (B3LYP) 6-311++G (2d, 2p) cleall g5

—Ceuld J8 N Lea (bl sa5p0 =5—cpaldd) J -N (e Cpaan cpidial )il igl) JSa)

siail)]-3- 505 -B-cpulil Jud -Ny (NPEO) Jsai) suSgl-2-[Lose (il sisadl)]-3- 5052 -5

S lilSae Edalaay Ayslpdl) liall Aidliay Clus 23 L(NPES) Jsai) suS5h-2-[bos 6 (i)

S mde s g Ll & sl wxigd) JSEN) e JSB Uil LS pall 038 301 Ay Aaii )
il o3g mamaall Ll siey o Llly wLS il Jiia

Introduction:

Isatin (1H-indol-2,3-dione) compounds are of great synthetic versatility to use in the preparation of
various heterocyclic systems such as quinoline and indole derivatives making them important raw
materials for drug synthesis. Isatin have also been found in mammalian tissues, which has raised
interest in their study as modulators in various biochemical processes. Isatin (1H-indole-2,3-dione)
derivatives are synthetically versatile substrates, where they can be used for the synthesis of a large
variety of heterocyclic compounds, such as indoles and quinolines, and the raw materials for drug
synthesis. The advances in the use of isatin for organic synthesis during the last twenty-five years, as
well as survey of its biological and pharmacological properties were reported in many researches and
in the accompanying supplementary information [1]. The biological and pharmacological properties of
isatin and its derivatives have led to extensive use of these compounds as key intermediates in organic
synthesis. lIsatin is a core constituent of many alkaloids and drugs as well as dyes, pesticides and
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analytical reagents. Literature surveys reveal that various derivatives of isatin possess diverse activities
such as antibacterial, antifungal, antiviral, anti-HIV, anti-mycrobacterial, anticancer, anti-
inflammatory and anticonvulsant activities [2]..

Fundamental reactivity of isatin and its derivatives is the presence of several reaction centers in
their structures which made them capable of participating in a large number of reactions. The keto
group at position 2 and particularly at position 3 can enter into addition reactions at the C-O bond and
into condensation reactions. Through the amide group, compounds of the isatin series are capable of
entering into N-alkylation and N-acylation and into Mannich and Michael reactions [3-5].

Corrosion of metallic surfaces [6] can be controlled or reduced by the addition of chemical
compounds to the corroding. This form of corrosion control is called inhibition and the compounds
added are known as corrosion inhibitors, which is one of the most common effective and economic
methods to protect metals especially in acid media [7-8].

One of the most important methods in the protection metal against corrosion is the use of organic
inhibitors. Organic compounds containing heteroatoms including nitrogen, sulfur, and oxygen [9] have
been reported to inhibit metal corrosion. The inhibiting action of these organic compounds is usually
attributed to their interactions with the metal surface via their adsorption. Polar functional groups are
regarded as the reaction center that stabilizes the adsorption process [10].

Quantum chemical calculations have been proved to be a very powerful tool for studying corrosion
inhibition mechanism [11-15]. Density functional theory (DFT) [16] has provided a very useful
framework for developing new criteria for rationalizing, predicting, and eventually understanding
many aspects of chemical processes [17]. A variety of chemical concepts which are now widely used
as descriptors of chemical reactivity, e.g., electronegativity [18] hardness or softness quantities etc.,
appear naturally within DFT [19]. A number of excluded parameters that should be involved include
the effect of solvent molecules, surface nature, and adsorption sites of the metal atoms or oxide sites or
vacancies, competitive adsorption with other chemical species in the fluid phase and solubility [12].

The aim of this work is to study the corrosion inhibition efficiency parameters of the two newly
prepared derivatives of N-benzyl-5-bromo isatin Figure-1 which were fixed among many newly
prepared derivatives of 5-bromo isatin derivatives [20], depending on studying their quantum
mechanical calculations for corrosion inhibition efficiency as a best corrosion inhibitor than the others
by using PM3 and DFT methods.
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Figure 1- Chemical structure of a- N-phenyl-ethyledine-5-bromo-3-[(imine aceto) urea]-2-oxo indole, b- N-
phenyl-ethyledine-5-bromo-3-[(imine aceto) thiourea]-2-oxo indole.

Results and Discussion:
Molecular geometry

The molecules were built with the Gauss View 09 implemented in Gaussian 09 package [21], their
corresponding geometries were fully optimized using PM3 semiempirical method and Density
Functional Theory (DFT) which was carried out using Becke's three-parameter functional and the
correlation functional of Lee, Yang and Parr (B3LYP) with a 6-311++G (2d, 2p) level of theory
[22,23,16], and the vibrational calculations probe that their equilibrium structures correspond to the
minima energy for N-benzyl-5-bromo isatin derivatives (absence of imaginary frequencies).The
geometries of the investigated molecules were re-optimized in dimethyl sulfoxide and aqueous at the
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same level of DFT theory. The final geometries of NPEO and NPES corresponding to DFT method
are given in Figure-2.
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Figure 2- Equilibrium geometry of the inhibitors molecules calculated by PM3 and DFT (B3LYP/6-311++G
(2d, 2p)) methods.

It is observed from the computational results that the substitution of O atom in NPEO by S atom in
NPES involves significant modifications on the structural parameters such as bond distances, bond
angles and dihedral angles of the studied inhibitors, Table-1a,1b. Figure-3 shows the label of the atoms
of the studied inhibitors.The comparison between the optimized geometrical structures of NPEO and
NPES compounds in vacuum showed that the bond length N1-C2, C2-C8, C5-Br, C15-C14, C15-C16,
C18-C19, C19-N12 are shorter in NPES than in NPEO by about (0.001-0,022)A and the N1-C10, C2-
C3 bonds in NPES are longer than the single NPEO by about 0.001A,.

These differences can be explained by the delocalization in O17=C16-N18 region more in NPES
compound. Large values of the bond lengths were observed for C19=S20 in NPES and for C5-Br in
both NPEO and NPES. For this, it can be concluded that the adsorption on a metallic surface is
clearly easy with C19=S20 and C5-Br for NPES only with C5-Br for NPEO. The compounds under
investigation are not planar, this result is confirmed by the values of the C2-N1-C10 for both NPEO
and NPES compounds Tables-1a,1b. The values of cis dihedral angles (N14C15C16N18,
017C16N18C19, C16N18C19N21, O20C19N21H22) and trans dihedral angles (N14C15C16017,
C15C16N18C19, C16N18C19020, 0O17C16N18H) show that the molecule is bent at this part for
NPEO and very close to planner for NPES. This result explains that the adsorption on the metallic
surface was easier for NPES than NPEO.

In addition, it is noticed that there are slightly solvent effect (increase by 0.0001) on some bond
lengths, bonds angles and dihedrals angles.

NPEO NPES
Figure 3- Label of NPEO and NPES inhibitor compounds.
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Table 1a- Calculated geometric structure for NPEO molecule by using DFT method in the three media
(vacuum, DMSO and H,0).

Description Bond length Description Angle () Description Dihedral Dihedral
Bond length (A) angle (°) g angle (°) angle (°)
N1-C2 1.397 C2N1C9 110.209 C2N1C10C12 -120.794
N1-C9 1.426 C2N1C10 123.478 C2N1C10C11 60.936
N1-C10 1.440 N1C2C3 106.453 C10N1C2013 0.577
C2-C3 1.522 N1C2C13 126.460 013C2C3N14 -2.622
C2=013 1.239 C2C3C8 105.780 C2C3N14C15 -0.879
C3-C8 1.464 C2C3C14 128.007 N14C15C16017 171.274
C3-N14 1.282 C8C4Ch 117.851 N14C15C16N18 -9.239
C4-C5 1.394 C4C5C6 121.442 C15C16N18C19 -178.65
C4-C8 1.390 CAC5Br 119.278 017C16N18C19 0.801
C5-C6 1.395 C6C7C9 117.871 C16N18C19020 179.783
C5-Br 1.950 C3C8C4 131.159 C16N18C19N21 -0.225
C6-C7 1.402 N1C9C7 129.242 020C19N21H22 -0.333
C7-C9 1.387 N1C9C8 109.601 020C19N21H23 -179.689
N14-C15 1.466 N1C10C11 116.032 017C16N18H -178.310
C15-C16 1.520 N1C10C12 119.541
C16=017 1.251 C3N14C15 123.226
C16-N18 1.368 C14N15C16 111.556
N18-C19 1.420 C15C16017 119.939
C19=020 1.247 C15C16N18 115.540
C19-N21 1.356 N18C19S20 119.164
N21-H 1.003 N18C19N21 115.586

Table 1b- Calculated geometric structure for NPES molecule by using DFT method in the three media (vacuum,
DMSO and H,0).

Description Bond Description Angle ©) Description Dihedral Dihedral
Bond length length (A) angle (°) angle (°) angle ()
N1-C2 1.395 C2N1C9 110.197 C2N1C10C12 -119.088
N1-C9 1.426 C2N1C10 123.620 C2N1C10C11 62.499
N1-C10 1.441 N1C2C3 106.470 C10N1C2C13 0.230
C2-C3 1.521 N1C2C13 126.741 C13C2C3N14 -1.590
C2=013 1.239 C2C3C8 105.861 C2C3N14C15 -0.179
C3-C8 1.463 C2C3C14 127.630 N14C15C16017 179.701
C3-N14 1.282 C8C4C5 117.821 N14C15C16N18 -0.313
C4-C5 1.394 C4C5C6 121.441 C15C16N18C19 -179.954
C4-C8 1.390 C4C5Br 119.225 017C16N18C19 0.030
C5-Cé6 1.395 C6C7C9 117.838 C16N18C19S20 -179.913
C5-Br 1.949 C3C8C4 131.231 C16N18C19N21 0.058
C6-C7 1.402 N1CoC7 129.223 S20C19N21H22 0.039
C7-C9 1.387 N1C9C8 109.625 S20C19N21H23 -179.945
N14-C15 1.466 N1C10C11 116.096 017C16N18H -179.888
C15-C16 1.517 N1C10C12 119.192
C16=017 1.252 C3N14C15 123.058
C16-N18 1.373 C14N15C16 111.271
N18-C19 1.398 C15C16017 120.307
C19=S20 1.720 C15C16N18 115.381
C19-N21 1.341 N18C19S20 119.461
N21-H 1.004 N18C19N21 116.031
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Global molecular reactivity

Frontier orbital theory is useful in predicting adsorption centers of the inhibitor molecules
responsible of the interaction metallic surface/molecule [24]. The terms involving the Frontier
Molecular Orbital (FMO) could provide a dominative contribution, because of the inverse dependence
of stabilization energy on orbital energy difference (AE= E, ymo-Eromo)-

The HOMO energy (Enowmo) IS often associated to the electron donating ability of the molecule;
therefore, inhibitors with high values of Eomo have a tendency to donate electrons to appropriate
acceptor with low empty molecular orbital energy. Conversely, the LUMO energy (E_umo) indicates
the electron-accepting ability of the molecule, the lowest its value the higher the capability of
accepting electrons. The gap energy between the Frontier orbitals (AE) is another important factor in
describing the molecular activity, so when the gap energy decreased, the inhibitor efficiency is
improved [25].

The calculated quantum chemical parameters related to the inhibition efficiency of the studied
molecule, such as the highest occupied molecular orbital (Enomo), energy of the lowest unoccupied
molecular orbital (ELumo), energy gap (AE= E_umo-Enomo), dipole moment (u), the electronegativity
(), the ionization potential (IP), the electron, affinity (EA), the global hardness (S), and the fraction of
electron transfer (AN) from the inhibitor molecules to iron, are collected in Tables-2a,2b and Tables-
3a,3b,4a,4b for inhibitors with both PM3 and DFT method.

According to Koopman’s theorem [26], the ionization potential (IE) and electron affinity (EA) of
the inhibitors are calculated using the following equations and hence y and p are calculated.

IE (lonization potential)= -Epomo (1)
EA (Electron affinity)= -E_umo 2
Hardness (n) has been defined as the second derivative of the E with respect to N as v (r) property
which measures both the stability and reactivity of the molecule [27].

n(Hardness) =(8%E/aN?*)v(r)n =(IE - EA)/ 2 (3)
x(Electronegativity)= -p=-(dE/dA)v(p) = (IE + EA)/2 4)
Where v(r) and p are, respectively, the external and electronic chemical potentials.

The higher HOMO energy corresponds to the more reactive molecule in the reactions with

electrophiles, while lower LUMO energy is essential for molecular reactions with nucleophiles.

The global softness (S) is the inverse of the global hardness [28].

S (global softness) = 1/ n (5)
Global electrophilicity index (w) introduced by Parr [29], calculated using the electronegativity and
chemical hardness parameters through the equation 6: A high value of electrophilicity describes a
good electrophile while a small value of electrophilicity describes a good nucleophile [30]. In Table-3
the high value of w, (4.299eV) indicates the better corrosion inhibition efficiency.

Global electrophilicity index (w)= (—x) 221 = p’/2n (6)

The fraction of electrons transferred (AN) from an inhibitor to carbon steel surface was also
calculated using a theoretical yFe and ng. values for mild steel of 7.0 eV mol™ and 0.0 eV mol™,
respectively [31]. The AN values are correlated to the inhibition efficiency resulting from electron
donation. According to Lukovits et al. study [32], if AN < 3.6, the inhibition efficiency increases with
increasing electron- donating ability at the metal surface. The obtained values of AN reported in Table
3b according to PM3 and Table 4b according to DFT; show that the NPES have the highest value of
AN in the gas and solvent phase. Therefore, the highest inhibition efficiency contemplate
experimentally for NPES by the tendency of molecule to receive the electron by S atom in unoccupied
orbital (3d). This ability to receive the electron from the metallic surface increases the inhibition
efficiency [33].

When two systems, Fe, and inhibitor, are brought together, electrons will flow from lower
x(inhibitor) to higher y(Fe), until the chemical potentials become equal. The number of transferred
electrons (AN) was also calculated [34] by using the equation below.

AN (Electron transferred) = () re - %innib.)/ [2 (M re M inhib.)] @)
Where yre and yinn denote the absolute electronegativity of iron and inhibitor molecule respectively nee
and niny denote the absolute hardness of iron and the inhibitor molecule respectively.

The dipole moment (p in Debye) is another very important electronic parameter that results from
the non uniform distribution of charges on the various atoms in the molecule. The high value of dipole
moment increases the adsorption between a chemical compound and metal surface [35].
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The dipole moment provides information on the polarity of the whole molecule. High dipole
moment values are reported to facilitate adsorption and therefore inhibition by influencing the
transport process through the adsorbed layer. Several authors have stated that the inhibition efficiency
increases with dipole moments values [36-38].The dipole moments of NPEO and NPES are (5.0031,
6.4274 Debye), in the gas phase for PM3 method and (6.5301, 7.2966 Debye) for DFT method Tables-
2a,3a, 4a respectively, increasing in dimethyl sulfoxide and aqueus solution. The high dipole moment
value of these compounds probably indicates strong dipole-dipole interactions between them and
metallic surface. Accordingly, the N-phenyl-ethylidene-5-bromo isatin derivatives adsorption in
aqueous solution can be regarded as a quasi-substitution process of the DMSO and water molecules by
the inhibitors molecules at the metal surface (H,O ads). The higher value, of the calculated p and other
parameters efficiency of the inhibitor molecule NPES enumerates its better inhibition efficiency than
NPEO in the gas phase and both solvents H,O and DMSO at DFT calculations Tables-3a, 3b, 4a, 4b,
even so PM3 calculations in the gas phase Tables-2a,2b.

The calculated quantum chemical parameters in the presence of solvent (dimethyl sulfoxide, water)
had shown a good effect for increasing the efficiency inhibition for NPEO Tables-3a,3b, with slight
decrease in efficiency inhibition for NPES Tables-4a,4b, but even though as a whole results, NPES
has a better efficiency inhibition parameters in solvent than that of NPEO inhibitor.

Table 2a- PM3 calculated for some physical properties of the inhibitor molecules at the equilibrium geometries.

AH’
. M. formula Enomo ELumo AEomo-Lumo
Inhib. (kcal/mol) 1 (Debye)
M. wt. (gm/mol) (ki/mol) (eV) (eV) (eV)
NPEO Ci9H15N,O3Br -3.557 ] ]
(Gas) 497 957 14 883 9.7691 1.3333 8.4358 5.0031
NPES Ci9H1sN,O, SBr 58.795 ] ]
(Gas) 443.317 245.999 8.9527 1.3878 7.5649 6.4274
Table 2b- Quantum chemical parameters for the inhibitor molecules as calculated using PM3 method.
Inhib. IE (eV) EA (eV) n (eV) v (eV) S (eV) w (eV) AN
'?gaES()) 9.7691 13333 | 42179 | 55512 | 02370 | 36520 | 01717
'(\'gaEs 8.9527 13878 | 37824 | 51702 | 02643 | 35335 | 0.2418

Table 3a- DFT calculated for some physical properties of the NPEO inhibitor molecule in the three media
(vacuum, DMSO, and H,0) at the equilibrium geometries.

= EHOMO ELUMO AE‘HOI\AO-LUI\AO u Etotal
Ginte. | S (&V) (&V) (V) (Debye) V)
'Z'gaEsc)’ C -6.6628 -3.3051 3.3576 6.5301 -102106.526
('E)Pl\'jg) C -6.4620 -3.1200 3.3420 7.8349 -102107.108
(Nsz%? C -6.4598 -3.1176 3.3422 7.8546 -102107.118

Table 3b- Quantum chemical parameters for the NPEO inhibitor molecule in the three media (vacuum, DMSO,
and H,0) as calculated using DFT method.

Inhib. IE (eV) EA (eV) nev) x (V) S (eV) w (eV) AN

I?ch)aEsc)) 6.6628 3.3051 1.6788 4.9840 0.5956 7.3980 0.6004
('}'Dpl\ﬁg) 6.4620 3.1200 1.6709 4.7910 0.5984 6.8683 0.6609
'(\'52%? 6.4508 3.1176 1.6710 4.7887 0.5984 6.8614 0.6616
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Table 4a- DFT calculated for some physical properties of the NPES inhibitor molecule in the three media
(vacuum, DMSO, and H,0) at the equilibrium geometries.

: Enomo ELumo H Etotal
Inhib. Sym . (eV) (eV) AEHOMO-LUMO (eV) (Debye) (eV)
'Z'gg C, 5.9624 -3.3508 2.6025 7.2066 -110894.730
NPES

omso) | -6.4780 -3.1527 3.3253 8.8759 -110895.308
’(\E%S C -6.4761 -3.1500 3.3261 8.8981 -110895.319
,0)

Table 4b- Quantum chemical parameters for the NPES inhibitor molecule in the three media (vacuum, DMSOQO,
and H,0) as calculated using DFT method.

Inhib. IE (eV) EA (eV) n(ev) v (eV) S (eV) w (eV) AN
2;53 59624 | 33598 | 13012 | 46611 | 07684 | 83481 | 0.8986
(Enagi» 6.4780 | 3.1527 16626 | 48153 | 06014 | 69609 | 0.6569
REES 64761 | 3.1500 16630 | 48131 | 06013 | 69649 | 0.6574

The optimized geometries of the studied compounds in the neutral form including their HOMO and
LUMO distributions density are shown in Figure-4. It can be seen that NPEO and NPES have a
similar HOMO and LUMO distribution. For HOMO are all mainly located on the 3[(imine aceto)
thiourea]-2-oxo indole in NPES moiety and 3[(imine aceto) urea]-2-oxo indole in NPEO moiety.

These results indicate that the interaction between these molecules and the carbon steel surface
concerns their moieties. In addition, the LUMO electronic density for both NPEO and NPES was
distributed on their isatin ring and imine aceto moiety.

NPEO

HOMO (-6.6459 V)

NPES

HOMO (-5.9779 eV) LUMO (-3.2863 eV)
Figure 4- The Frontier Molecule Orbital density distributions of N-benzyl-5-bromo-3- [(imine aceto) urea]-2-
oxo indole, and N-benzyl-5-bromo-3- [(imine aceto) thiourea]-2-oxo indole as calculating using DFT

method. Red color indicates the negatively charged lobe, blue color indicates the positively charge
lobe:

Active sites

For the purpose of establishing the active sites of the inhibitor calculated molecules, three
influencing factors: natural atomic charge, distribution of frontier molecular orbital and indices.
According to classical chemical theory, all chemical interactions are either by electrostatic or orbital
interactions. Electrical charges in the molecule were obviously the driving force of electrostatic
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interactions. It is proven that local electric densities or charges are important in many chemical
reactions and physicochemical properties of compound [39-41]. According to Table-5, the favored
sites for nucleophilic attack and the most reactive sites of NPEO that have the highest negative charge
center and could offer electrons to the Fe atoms to form coordinate bond are C4, C5, C6, C7, C12,
013 atoms of the N-bensyl-5-bromo isatin rings, and N14, 017, N18, 020, N21 hetero atoms.

Table 5-DFT Mulliken charges population analysis for the calculated inhibitor molecules NPEO and NPES in
the three media (vacuum, DMSO, and H,0).

Electronic charge Electronic charge
Atom Atom
NPEO NPES. NPEO NPES.
-0.047 G -0.060 G -0.359 G -0.375G
N1 -0.003D -0.016 D Ci12 -0.336 D -0.354 D
-0.002 W -0.015 W -0.336 W -0.353 W
0.078 G 0.031G -0.414 G -0.412G
C2 0.164 D 0.116 D 013 -0.495 D -0.492 D
0.166 W 0.118 W -0.496 W -0.494 W
0.043G 0.093G -0.251 G -0.244 G
C3 0.042D 0.100 D N14 -0.251 D -0.246 D
0.042 W 0.100 W -0.250 W -0.245 W
-0.116 G -0.056 G 0.117G 0.140G
C4 -0.107D -0.056 D C15 0.107D 0.121D
-0.107 W -0.056 W 0.107 W 0.120 W
-0.128 G -0.104 G 0.069 G 0.093 G
C5 -0.140D -0.114 D C16 0.118D 0.139D
-0.140 W -0.114 W 0.119wW 0.140 W
-0.054 G 0.049 G -0.505 G -0.486 G
Br -0.074 D -0.070 D 017 -0.566 D -0.537D
-0.074 W -0.070 W -0.567 W -0.538 W
-0.422 G -0.422 G -0.421 G -0.284 G
C6 -0.409 D -0.411D N18 -0.408 D -0.273D
-0.409 W -0.411 W -0.408 W -0.272 W
-0.273 G -0.273 G 0.625 G 0.494 G
C7 -0.263 D -0.265 D C19 0.663 D 0.520D
-0.263 W -0.265 W 0.663 W 0.520 W
0.225G 0.208 G -0.509 G
C8 0.228 D 0.190 D 020 -0592D | -
0.228 W 0.189 W -0.593 W
0.345G 0.303G -0.516 G
C9 0.333D 0.294 D S20 -0.616 D
0.333 W 0294wW | | T -0.618 W
-0.011 G 0.034 G -0.289 G -0.240G
C10 -0.031D 0.012D N21 -0.304 D -0.244 D
-0.032 W 0.012 W -0.304 W -0.244 W
1.048 G 0970 G
C11 0.924 D 0.851 D
0.921 W 0.847 W

G: gas phase, D: dimethyl sulfoxide (DMSO), W: water, violet color: increase in electronic charge, red
color: decrease in electronic charge.

For NPES, there are the same reactive sites except S20 atom instead of 020 heteroatom. For the
electrophilic attack the most reactive sites of NPEO at which have the highest positive charge are C8,
C2, C9, C11, C15 and C19 atoms. For NPES, the sites which can accept the electron are the same
atoms as for NPEO, which are C8, C2, C9, C11, C15 and C19 atoms. These centers can accept
electrons from 3d orbital's of the Fe atom to form feedback bond, thus further strengthening the
interaction of inhibitor and Fe surface. Based on the discussion above, it can be concluded that NPEO
and NPES have many active centers for adsorption on carbon steel surface. Thus, the areas containing
N, O and S atoms are the most favored sites for bonding to carbon steel surface through donating
electrons. However, the S atom can give and receive the electron to and from metal, respectively
because it has a lone pair of electrons and unfilled d orbital's. In addition, the active sites area for
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NPES is observed to be a nearly planner while for NPEO inhibitor is clearly bent. Tables-1a,1b and
Figure-5. This leads for NPES to be adsorb easier by donating electrons to metallic surface in
agreement with experimental results of other research [37]. The last process reinforces the inhibitor
molecule adsorption on a metallic surface and the both process are more accentuated in NPES than in

NPEO.
< i 2 9
J‘ L x) 14

@
Q‘?

e dca.af{ ’

9 Do

] P2
o9

)
NPEO

NPES

Figure 5- Surface area plane of the active sites of the calculated inhibitors.

Taking into account the solvent effect Table-5, the electronic charge for the nucleophilic and
electrophilic attack increases slightly (0.012-0.020) for both NPEO and NPES on C5, Br, C10, C12,
C19 and increases (0.048-0.102) on C2, 013, C16, 017, C19, 020 (NPEO), S20 (NPES), N21. The
highest increasing value is on S20 for NPES (0.102) in the aqueous phase. The partial charges on the
individual atoms in a molecule also indicate the reactive centers for a particular inhibitor. Atoms with
the highest negative charge are considered to have an electron donor role when interacting with metal
surfaces. In solution, the electronic charge decreases on N1, C4, C6, C9, C11, C12, C15, N18. The
highest decreasing value on C11 for NPEO (0.122, 0.127) in DMSO and aqueous, (0.119, 0.123) for
NPES in DMSO and aqueous respectively.

The electronic charge values for the nucleophilic and electrophilic attack of NPEO and NPES are
stronger in solution than in gas phase. From this analysis, it is obvious that in the aqueous solution, the
S atom is more likely to be a site for nucleophilic attack in NPES than in gas phase and this leads to
easy adsorb by donating electron from NPES to a metallic surface. The Mulliken atomic charges
population analysis for the calculated inhibitor molecules NPEO and NPES in the three media
(vacuum, DMSO, and H,0) are listed in Table -5.

Conclusion

The inhibition efficiency of carbon steel corrosion by N-benzyl-5-bromo isatin derivatives has been
investigated using quantum chemical calculations using PM3 semiempirical method and
(DFT/B3LYP/6-311++G (2d, 2p)) level of theory. The following conclusions were drawn from this
study:

1. The geometrical parameters with both PM3 and DFT methods show that the inhibitor molecule is
efficient for the corrosion inhibition.

2. A good correlation was found between the quantum chemical parameters calculating by PM3 and
DFT (Enomo, ELumo, gap energy (AE), dipole moment (u)) ----- etc., with inhibition efficiency.
This can be explained by the fact that the inhibitor compound can accept and donor electrons
from the metal, and these processes reinforce the adsorption of the inhibitor molecules on carbon
steel surface.

3. The density distributions of the frontier molecular orbitals (HOMO and LUMO) show that N-
benzyl-5-bromo isatin derivatives adsorb through the active centers nitrogen, oxygen, sulfur and
n electrons of the isatin ring and other heteroatoms.

4. The reactive site for electrophilic and nucleophilic attacks, determined correctly by the DFT
Mulliken charges population analysis for the calculated inhibitor molecule.

5. The geometrical structures show that the active sites surface area for NPES molecule is more
planar than for NPEO, thus, the first one is the most efficient for the corrosion inhibition. This
result is in good agreement with experimental results.
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