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Abstract
Density Functional Theory (DFT) at the B3LYP/6-311G basis set level was
performed on six new substituted Schiff base derivatives of PINH

[(phenylallylidene) isonicotinohydrazide], The calculated quantum chemical
parameters correlated to the inhibition efficiency are Enomo (highest occupied
molecular orbital energy), E, umo (Iowest unoccupied molecular orbital energy), the
energy gap [AE(homo-Lumo)], hardness (), softness (S), dipole moment (p), electron
affinity (EA), ionization potential (IE), the absolute electronegativity (), Global
electrophilicity index (w) and the fraction of electron transferred (AN), all have
discussed at their equilibrium geometry and their correct symmetry (Cs).
Comparisons of the order of inhibition efficiency of the Schiff bases derivatives, and
local reactivity were analyzed using Mulliken population analysis. The local
reactivity has been studied through condensed softness indices in order to predict
both the reactive centers and to know the possible sites of nucleophilic and
electrophilic attacks. Also vibration frequencies and IR absorption intensities were
carried out for the calculated Schiff bases molecules. Also some physical values
were studied such as heat of formation and total energy.
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Introduction

The protection of metal surfaces against corrosion is an important industrial and scientific topic.
Many chemical phenomena cannot be explained by classical physics and need quantum mechanics for
the complete analysis. In that case quantum chemical studies are used to analyze the inhibition
efficiency of certain compounds on corrosion. A number of heterocyclic compounds containing
nitrogen, oxygen and sulphur either in the aromatic or long chain carbon system have been reported to
be effective inhibitors [1,2]. The planarity and the lone electron pairs in the heteroatoms are important
features that determine the adsorption of molecules on the metallic surface [3]. The inhibition
efficiency has been closely related to the inhibitor adsorption abilities and the molecular properties for
different kinds of organic compounds. The strength of the inhibition depends on the molecular
structure of the inhibitor. Organic compounds, which can donate electrons to unoccupied d orbital of
metal surface to form coordinate covalent bonds and can also accept free electrons from the metal
surface by using their antibonding orbital to form feedback bonds, constitute excellent corrosion
inhibitors [4-9]. Reportedly, excellent corrosion inhibitors are usually organic compounds, which not
only offer electrons to unoccupied orbital of the metal but also accept free electrons from the metal
[10]. The strength of the inhibition depends on the molecular structure of the inhibitor. Organic
compounds, which can donate electrons to unoccupied d orbital of metal surface to form coordinate
covalent bonds and can also accept free electrons from the metal surface by using their antibonding
orbital to form feedback bonds, constitute excellent corrosion inhibitors. Quantum chemical
calculations have been proved to be a very powerful tool for studying corrosion inhibition mechanism
[11-14]. Density functional theory (DFT) [15,16] 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 concept, which are now widely used as descriptors of
chemical reactivity, e.g., electronegativity [18] hardness or softness quantities etc., appear naturally
within DFT. The objective of this study is to present theoretical study on the adsorption, electronic and
molecular structures of six new Schiff bases molecules derivatives of PINH [(phenylallylidene)
isonicotinohydrazide], which have prepared and studied experimentally and theoretically with three
other Schiff bases compounds as a corrosion inhibitors for mild steel in acid solutions [19] PINH was
shown to have the best inhibition efficiency in comparison to other three different Schiff bases
compounds. (without mentioning the method of calculation and without any mention to the symmetry
of the calculated molecules).

In the present work recalculated of the PINH Schiff base have done using DFT method taking into

account the correct symmetry one time (Cs) and symmetry (C,) in other time, comparison were done
between them to find the better as an inhibitor [group I]. For finding a better corrosion inhibitor than
PINH, groups of electron donors (0-OCHa;, p-OCHs and 0,p-OCHa) [group IT] and a groups of electron
withdrawing (o-Br, p-Br and o,p-Br) [group III] were added, all had studied depending on the
theoretical parameters to characterize the inhibition property of the new calculated substituted
molecule, to establish correlations between inhibition efficiencies and some of the electronic
properties of the studied molecules, In the right symmetry of molecules at equilibrium shape.
The molecules for [group II] are (O-methoxy (phenylallylidene) isonicotinohydrazide (PINH o-
OCHgs;), (P-methoxy (phenylallylidene) isonicotinohydrazide (PINH p-OCHs;), (dimethoxy
(phenylallylidene) isonicotinohydrazide (PINH o0,p-OCHj3), and the molecules for [group III] are (O-
bromo (phenylallylidene) isonicotinohydrazide (PINH o-Br) and (P- bromo (phenylallylidene)
isonicotinohydrazide (PNHC p-Br), (di bromo (phenylallylidene) isonicotinohydrazide (PINH o,p-Br).
Computational details

In computational chemistry tools, the DFT offers the fundamentals for interpreting multiple
chemical concepts used in different branches of chemistry. In order to explore the
theoreticalexperimental consistency, quantum chemical calculations were performed with complete
geometry optimizations using Gaussian-03 software package [20]. Geometry optimization were
carried out by B3LYP functional at the 6-311G (d,p) basis set and at the density functional theory
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(DFT) level. Recently, Density functional theory (DFT) has been used to analyze the characteristics of
the inhibitor/ surface mechanism and to describe the structural nature of the inhibitor in the corrosion
process [21-22].

Figure 1 shows the equilibrium geometries of the calculated PINH Schiff bases molecule, with new
six of its derivatives calculating by using DFT (B3LYP/ 6-311G) method.
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Figure 1-Optimized structures for derivatives of the PINH Schiff bases that calculated by DFT (B3LYP/ 6-
311G) method.

Optimize geometries were shown that all the calculated molecules were planar with Cs symmetry,
except PINH (p-OCHj5) were found to be C; symmetry with no plane of symmetry. The label of atoms
for the optimized structures are shown in figure 2.

Table 1 has listed bond lengths that have resulted from optimized structures of PINH Schiff bases
derivatives as calculated by DFT (6-311G/ B3LYP).

Figure 2.-Label of (phenylallylidene) isonicotinohydrazide (PINH).
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Table 1.-DFT (6-311G/B3LYP) bond distances for the calculated PINH Schiff bases derivative molecules.

Bond length (A)

PINH PINH PINH PINH PINH | PINH 0,p-
Bond PINH 0-OCH; | p-OCH; | op-OCH, | o-Br p-Br Br P
NL-C2 1.3532 1.3533 1.3532 1.3534 13531 1.3499 1.3531
N1-C6 1.3496 1.3498 1.3497 1.3497 13495 1.3522 1.3495
C2-HZ 1.0808 1.0809 1.0806 1.0809 1.0807 1.0808 1.0806
C2-C3 1.3908 1.3907 1.3924 1.3907 13908 1.3949 1.3908
C3-H3 1.0791 1.0791 1.0797 1.0791 1.0791 1.0814 1.0791
C3.C4 1.4056 1.4054 1.4010 1.4055 1.4057 1.4033 1.4057
C4-C5 1.4032 1.4031 1.4025 1.4032 1.4032 1.4016 1.4032
Ca-C7 1.4954 1.4958 1.4992 1.4960 1.4950 1.5014 1.4950
C5-H5 1.0753 1.0754 1.0816 1.0754 1.0751 1.0793 1.0751
C5-C6 1.3963 1.3962 1.3957 1.3963 13962 1.3924 1.3962
C6-H6 1.0812 1.0812 1.0811 1.0812 1.0811 1.0806 1.0811
C7-08 1.0542 1.2550 1.0417 1.0557 12531 1.0541 1.2531
C7-N9 1.3850 1.3833 1.3852 1.3820 13875 1.3744 1.3875
N9-N10 1.3754 1.3780 1.3788 1.3792 13718 1.3901 1.3718
N9-H9 1.0185 1.0184 1.0148 1.0184 1.0186 1.0036 1.0186
N10-C11 1.3017 1.3022 1.3003 1.3027 13018 1.3063 1.3018
CI1L-HIL 1.0937 1.0937 1.0956 1.0939 1.0928 1.0816 1.0928
CI11.C12 1.4389 1.4383 1.4389 1.4370 1.4394 1.4434 1.4394
C12-H12 1.0828 1.0829 1.0827 1.0830 1.0828 1.0834 1.0828
C12-C13 1.3532 1.3544 1.3538 1.3559 13531 1.3523 1.3531
C13-H13 1.0872 1.0829 1.0877 1.0832 1.0824 1.0866 1.0824
C13.Cl4 1.4628 1.459 1.4599 1.4555 1.4608 1.4628 1.4608
C14-Cl5 1.4101 1.4194 1.4084 1.4166 14108 1.4106 1.4108
C14-C19 14113 1.4076 1.4138 14115 14141 1.4092 1.4141
C15-H15 10830 | 10813 | —m | 10809 | v
C15-C16 1.3943 1.3960 1.3932 1.3989 13925 1.3917 1.3925
CI50CH, | v 13929 | - 13922 | —m
C15Br | —m | i | L | 19599 | v 1.9599
C16-H16 1.0817 1.0792 1.0795 1.0768 1.0777 1.079% 1.0777
C16-C17 1.3968 1.3970 1.4014 1.3985 13901 1.3946 1.3901
C17-HL7 1.0815 10816 | e | - 1.0777
C17-C18 1.4001 1.3968 1.4007 1.4010 13937 1.3912 1.3937
C17-OCH, 1.3886 13876 | —n-
C1rBr | —m | it | ol | | 1.9512 1.9447
C18-H18 1.0817 1.0810 1.0800 1.0792 1.0792 1.079% 1.0792
C18-C19 1.3919 1.3926 1.3870 1.3852 13882 1.3944 1.3882
C19-H19 1.0813 1.0811 1.0829 1.0808 1.0803 1.0825 1.0803

From the calculation of bonds length of PINH derivatives Table 1, it was shown that:- For C4-C7
bond length in group IT the longest bond is (1.4992A°) due to PINH (p-OCHs) molecule and the
shortest bond (1.4954) belongs to PINH (0-OCHj;) molecule. For group III the longest C4-C7 bond
(1.5014A°) belongs to PINH (0-Br)= PINH (p-Br) molecules and the shortest bond (1.4950A°)

belongs to PINH (o,p-Br).

- For C=0 bond length in group IT the longest one (1.2557A°) belongs to PINH (0,p-OCHjs) and the
shortest (1.2417A°) belongs to PINH (p-OCHs). For group III the longest C=0O bond length
(1.2541A°) due to PINH (p-Br) molecule and the shortest one (1.2531A°) belongs to PINH (o,p-Br)
indicating possessing the greatest effect of electron donor.
- For C=N bond length in group IT the longest one is (1.3027A°) belongs to PINH (0,p-OCH3) and the
shortest bond (1.3003A°) belongs to PINH (p-OCHy,). For group III the longest the longest C=N bond
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is (1.3063A°) belongs to PINH (0-Br) = PINH (p-Br) molecule and the shortest bond (1.3018A°)
belongs to PINH (o,p-Br).

For C-O bond length in group IT the longest bond is C;5-OCHj; (1.3929A°) belongs to PINH (o-
OCH3) molecule and the shortest bond (1.3876) belongs to PINH (o,p-OCH3) (1.3876) at para
position. For group III the longest C-Br bond is Cy5-Br (1.9633A°) belongs to PINH (0-Br) molecule
and the shortest bond (1.9447A°) belongs to PINH (o,p-Br), also at para position, at which the effect
of electron withdrawing is greatest

Density functional theory (DFT) has been quite successful in providing theoretical basis for popular
qualitative chemical concepts like electronegativity (), hardness (1), softness (S) and local softness
S(r). For an N-electron system with total energy E, these reactivity indices are defined as the following
first-order derivative [23].

. (Electronegativity)O (IE + EA)/ 2

Hardness (n ) has been defined within the DFT 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 [24].

1 (Hardness) = (IE-EA)/ 2

According to Koopman’s theorem, the ionization potential energy (IE) and electron affinity (EA) of
the inhibitors are calculated using the following equations and hence y and n are calculated.
IE (lonization potential)= -Exomo
EA (Electron affinity)= -E, ymo

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 [25].

The global softness (S) is the inverse of the global hardness [26]

S (global softness) = 1/
Global electrophilicity index (w) = —x%2n

When two systems, Fe and inhibitor, are brought together, electrons will flow from lower
y (inhibitor) to higher y (Fe), until the chemical potentials become equal. The fraction of transferred
electrons (AN) was also calculated [26] by using the equation below.

AN (Electron transferred) = ( re - Xinniv)/ [2 (M re + M innib)]

Where y re and yinn denote the absolute electronegativity of iron and inhibitor molecule respectively
1N re and n i denote the absolute hardness of iron and the inhibitor molecule respectively. In this
study, we use the theoretical value of y = 7.0 eV and n g = 0 for the computation of number of
transferred electrons [27]. The difference in electronegativity drives the electron transfer, and the sum
of the hardness parameters acts as a resistance [28].

Results and Discussion

According to Wang et al. [29], the frontier orbital (highest occupied molecular orbital-HOMO and
lowest unoccupied molecular orbital-LUMO) of a chemical species play major role in defining its
reactivity. As Epomo is often associated with the electron donating ability of a molecule, high value of
Enowmo is likely to indicate the tendency of the molecule to donate electrons to appropriate acceptor
molecules with lower energy molecular orbital. Increasing values of Enomo facilitate adsorption of
inhibition on metal surface and therefore enhance the inhibition efficiency, by influencing the
transport process through the adsorbed layer. E umo indicates the ability of the molecule to accept
electrons. The binding ability of the inhibitor to the metal surface increases with increasing of the
HOMO and decreasing of the LUMO energy values, because transition of electron is due to interaction
between highest occupied molecular orbital HOMO and lowest unoccupied molecular orbital LUMO
of reacting species. The higher values of Eyomo indicate the greater its ability of offering electrons to
unoccupied d-orbital of the metal and higher the corrosion inhibition efficiency through better
adsorption. The inhibitor does not only donate electron to the unoccupied d orbital of the metal ion but
can also accept electron from the d orbital of the metal leading to the formation of a feedback bond.
For groups I, IT, and III the highest value of Eyomo (-5.7020, -6.2470 and -6.2780eV), indicates the
better inhibition efficiency of PINH (0,p-OCHjs), PINH (0,p-Br) and PINH respectively and the low
value of E ymo for the three groups are (-2.8224, -2.8009 and -2.4994 eV), indicates the better
inhibition efficiency of PINH (o,p-Br), PINH and PINH (o -OCHy) respectively, table 2.
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Table 2-Calculated energies of the PINH Schiff bases compounds by using DFT (6-311G/ B3LYP) method.

_ Enomo ELumo AEHomo-Lumo M

Inhibitor Molecule P.G. (eV) V) (&V) (debye)

|
Cs -6.2470 -2.4994 3.7476 6.2086

PINH

C; -6.2473 -2.4988 3.7485 6.2089

11
PINH (0-OCHs) Cs -5.9841 -2.3655 3.6186 8.5343
PINH (p-OCHy) C -5.8143 -2.2656 3.5487 5.1768
Cs -5.7020 -2.2150 3.4870 10.7386

PINH (0,p-OCHy)

C, -5.7017 -2.2150 3.4867 10.7380

I
PINH (o-Br) Cs -6.3175 -2.6455 3.6720 4.9835
PINH (p-Br) Cs -6.2780 -2.6535 3.6245 4.0197
PINH (o,p-Br) Cs -6.4027 -2.8009 3.6015 3.1560

P.G: Point Group.

For Enomo, Table 2 shows the following correlations:

Group I1: PINH (o,p -OCHj3) > PINH (p -OCHj3) > PINH (0 -OCH,)

Group III: PINH (p-Br) > PINH (0 -Br) > PINH (o,p-Br)

As a whole:

PINH (o,p -OCHz3) > PINH (p-OCHj3) > PINH (0-OCHgz) > PINH > PINH (p-Br) > PINH (0-Br) >
PINH (o,p-Br)

For ELumo, Table 2 shows the following correlations:

Group IT: PINH (0 -OCHj3) < PINH (p -OCH,) < PINH (0,p -OCH5)

Group III: PINH (o0,p-Br) < PINH (p-Br) < PINH (0-Br)

As a whole:

PINH (o,p -Br) < PINH (p -Br) < PINH (0 -Br) < PINH < PINH (0 -OCH3) < PINH (p -OCH3) <
PINH (o,p -OCHjy).

Energy gap AE = (ELumo—Enomo) IS an important parameter as a function of reactivity of the
inhibitor molecule towards the adsorption on the metallic surface. As AE decreases the reactivity of
the molecule increases leading to increase inhibition efficiency. Lower values of the energy difference
will render good inhibition efficiency, because the energy to remove an electron from the last occupied
orbital will be low [30]. A molecule with a low energy gap is more polarizable and is generally
associated with the high chemical activity and low kinetic stability and is termed soft molecule [31].

The results as indicated in Table 2 show that the inhibitors PINH (0,p-OCHjs), PINH (o,p-Br) and
PINH have the lowest energy gap (3.4870, 3.6015 and 3.7476 eV), this means that PINH (0,p-OCHy),
molecule could has the best performance as corrosion inhibitor. For AEyomo-Lumo Table 2 shows the
following correlations:
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Group IT: PINH (o,p -OCH3) < PINH (p -OCHj5) < PINH (0-OCHs,)

Group III: PINH (0,p-Br) < PINH (p-Br) < PINH (0-Br)

As a whole:

PINH (0,p-OCHg3;) < PINH (p-OCH3;) < PINH (0,p-Br) < PINH (0-OCHs3) < PINH (p-Br) < PINH (o-
Br) < PINH.

For Dipole moment ()

The dipole moment (u in Debye) is another important electronic parameter that results from non
uniform distribution of charges on the various atoms in the molecule. The high value of dipole
moment probably increases the adsorption between chemical compound and metal surface [32].

The energy of the deformability increases with the increase in p, making the molecule easier to
adsorb at the Fe surface. The volume of the inhibitor molecules also increases with the increase of .
This increases the contact area between the molecule and surface of iron and increasing the corrosion
inhibition ability of inhibitors. In our study the values (10.7386, 6.2086 and 3.1560 eV), Debye of
PINH (0,p-OCHz), PINH and PINH (0-Br) according to groups I, I, and III, enumerates its better
inhibition efficiency. For Dipole moment () Table 2 shows the following correlations:

Group IT: PINH (0,p-OCHj3) > PINH (0-OCHj3) > PINH (p-OCHy)

Group II: PINH (0 -Br) > PINH (p-Br) > PINH (o,p -Br)

As a whole:

PINH (0,p-OCHg3) > PINH (0-OCHj3) > PINH > PINH (p-OCHg;) > PINH (o -Br) > PINH (p -Br) >
PINH (o,p-Br).

For IE (lonization Energy)

lonization energy is a fundamental descriptor of the chemical reactivity of atoms and molecules.
High ionization energy indicates high stability and chemical inertness and small ionization energy
indicates high reactivity of the atoms and molecules [33]. The lower ionization energy (5.7020, 6.2470
and 6.2780 eV) of PINH (0.p -OCHjs), PINH and PINH (p-Br). respectively, Table 3 indicates the high
inhibition efficiency. Table 3 shows the following correlations:

Group IT: PINH (o,p-OCHj3) < PINH (p-OCHz3) < PINH (0-OCHy)

Group III: PINH (p-Br) < PINH (0-Br) < PINH (o,p-Br)

As a whole:

PINH (0,p-OCH3) < PINH (p-OCH3) < PINH (0-OCHs)< PINH < PINH (p-Br) < PINH (0-Br) <
PINH (o,p-Br) .

For EA (Electron Affinity)

The highest value of electron affinity (2.8009, 2.4994 and 2.3655eV), indicates the better inhibition
efficiency of PINH (o,p-Br), PINH and PINH (0-OCHa) respectively Table 3 shows the following
correlations:

Group IT: PINH (0-OCHj3) > PINH (p-OCHj3) > PINH (0,p-OCHj)

Group III: PINH (o0,p-Br) > PINH (p-Br) > PINH (0-Br)

As a whole:

PINH (o,p-Br) > PINH (p-Br) > PINH (0-Br) > PINH > PINH (0-OCHjs) > PINH (p-OCHj;) > PINH
(0,p-OCHy).

For n (Hardness)

Absolute hardness and softness are important properties to measure the molecular stability and
reactivity. It is apparent that the chemical hardness fundamentally signifies the resistance towards the
deformation or polarization of the electron cloud of the atoms, ions or molecules under small
perturbation of chemical reaction. A hard molecule has a large energy gap and a soft molecule has a
small energy gap [34]. In our present study PINH (o,p-OCHs), PINH (0,p-Br) and PINH with lowest
hardness value (1.7435, 1.8009 and 1.8738eV) in comparison each with other molecules in its group,
have a low energy gap. Normally, the inhibitor with the least value of global hardness (hence the
highest value of global softness) is expected to have the highest inhibition efficiency [35]. Table 3
shows the following correlations:

Group IT: PINH (0,p-OCH3;) < PINH (p-OCH3) < PINH (0-OCHy)
Group II: PINH (0,p-Br) < PINH (p-Br) < PINH (0-Br)
As a whole:
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PINH (0,p-OCHj3) < PINH (p-OCHz3) < PINH (0,p-Br) < PINH (0-OCHj3) < PINH (p-Br) < PINH (o-
Br) < PINH.
For S (Global softness)

For the simplest transfer of electron, adsorption could occur at the part of the molecule where
softness (S), which is a local property, has a highest value [35], PINH (0,p-OCHs), PINH (o,p-Br), and
PINH with the softness value of (0.5735, 0.5552, and 0.5336 eV), correlates the above statement.
Table 3 shows the following correlations:

Group IT: PINH (0,p-OCH3) > PINH (p-OCHj3) > PINH (0-OCHy,)

Group III: PINH (o,p -Br) > PINH (p -Br) > PINH (o -Br)

As a whole:

PINH (0,p-OCHpg) > PINH (p-OCHg) > PINH (0,p-Br) > PINH (p-Br) > PINH (0-OCHj;) > PINH (o-
Br) > PINH.

For y (Electronegativity)

According to Sanderson’s electronegativity equalization principle [36], PINH (0,p-OCHs), PINH
and PINH (p-Br) has a lowest value (3.9585, 4.3732, and 4.4657eV) 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. Table 3 shows the following correlations:

Group IT: PINH (0,p-OCHg3;) < PINH (0-OCHj3) < PINH (p-OCHy)

Group III: PINH (p-Br) < PINH (0-Br) < PINH (0,p-Br)

As a whole:

PINH (0,p-OCHj3) < PINH (p-OCHj3) < PINH (0-OCHj3) < PINH < PINH (p-Br) < PINH (0-Br) <
PINH (o,p-Br).

For (w) (Global electrophilicity index)

Global electrophilicity index () introduced by Parr [37], calculated using the electronegativity and
chemical hardness parameters through the equation: A high value of electrophilicity describes a good
electrophile while a small value of electrophilicity describes a good nucleophile [38]. In Table 3 the
highest value of (o), PINH (0-Br), PINH (0-OCHjs) and PINH. The high value (5.8794, 4.8164 and
3.0362eV) indicates the better corrosion efficiency. Table 3 shows the following correlations:

Group ITI: PINH (0-OCHj3) > PINH (p-OCHz) > PINH (0,p-OCHy)

Group II: PINH (0-Br) > PINH (p-Br) > PINH (0,p-Br)

As a whole:

PINH (o -Br) > PINH (p-Br) > PINH (o,p -Br) > PINH > PINH (0-OCHz) > PINH (p-OCHz) > PINH
(0,p-OCHy) .

ForAN(Eelectron transferred)

The values of AN in the table 3 represent the number of electronic charges that will be exchanged
between the surface and the adsorbed species. The greater value of (0.8722, 0.7009 and 0.6992 eV) for
PINH (0,p-OCHs), PINH and PINH (p-Br) indicates the maximum transfer of electron and hence
greater inhibition efficiency. Table 3 shows the following correlations:

Group II: PINH (0,p-OCHs) > PINH (p-OCHj) > PINH (0-OCH;)

Group III: PINH (p-Br) > PINH (0-Br) > PINH (0,p-Br)

As a whole:

PINH (0,p-OCHs) > PINH (p-OCH3) > PINH (0-OCH;) > PINH > PINH (p -Br) > PINH (0-Br) >
PINH (o,p-Br).
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Table 3-Some of the calculated quantum parameters for studied molecules that resulted by using DFT (6-311G/
B3LYP) method.

Inhibitor Molecule P.G. | IE(.V) | EAEV) | n(eV) O (eV) ® S (eV) oo

Cs 6.2470 2.4994 1.8738 | 4.3732 5.1032 0.5336 0.7009

PINH
C 6.2473 2.4988 1.6296 4.3730 5.8674 0.6136 0.8060

II

PINH (0-OCHj) Cs 5.9841 2.3655 1.8093 4.1748 4.8164 0.5526 0.7807

PINH (p-OCHy) C 5.8143 2.2656 1.7743 4.0399 4.5992 0.5636 0.8341

Cs 5.7020 2.2150 1.7435 3.9585 4.4937 0.5735 0.8722

PINH (0,p-OCH5)
C; 5.7017 2.2150 1.7433 3.9583 4.4938 0.5736 0.8723

11|
PINH (o-Br) Cs 6.3175 2.6455 1.8360 4.4815 5.8794 0.5446 0.6858
PINH (p-Br) Cs 6.2780 2.6535 1.8122 4.4657 5.5022 0.5502 0.6992
PINH (o,p-Br) Cs 6.4027 2.8009 1.8009 4.6018 5.4694 0.5552 0.6658

P.G: Point Group.

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
interactions. It is proven that local electric densities or charges are important in many chemical
reactions and physicochemical properties of compound [39].

Table 4 shows that N1, C3, C6, 08, N9, N10, C12, C15, C16, C17, C18 and C19 carrying negative
charges, while C7 carries positive charges (for all the calculated PINH Schiff bases derivatives). The
negative charge centers could offer electrons to the Fe atoms to form coordinate bond. The positive
charge centers can accept electrons from 3d orbital of the Fe atom to form feedback bond, thus further
strengthening the interaction of inhibitor and Fe surface. For group I1, O atom (of OCHj3) belonging to
PINH (0-OCHjs) is more negative (-0.538) than O atom (of OCHg;) belonging to PINH (p-OCHy)
(-0.518). For group III -Br belonging to PINH (o,p-Br) is more negative (-0.023) at ortho position than
-Br (-0.045) at para position belonging to the same molecule PINH (o,p-Br), both are more positive
than Br belonging to PINH (0-Br) or PINH (p-Br). 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. The
Mulliken atomic charges for the heteroatoms of the PINH derivatives are reported in Table (4) which
showed that N1 has the highest negative charge with DFT/6-311G method. The negative charge on the
N1 atom increases across the structures following the order;
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PINH (0,p-Br) > PINH (0 -Br) = PINH (p-Br) > PINH (0,p-OCH3) = PINH (0-OCHs) > PINH =

PINH (p-OCHy)

Table 4-DFT (6-311G/ B3LYP) Mulliken charges population analysis for the calculated PINH Schiff bases

molecules.
Electronic charge
PINH PINH PINH PINH PINH | PINH 0,p-
Atom PINH 0-OCH; | p-oCH; | op-OCH, | o-Br D -Br Br
NI 20327 20328 20327 20.328 20504 20504 20505
C2 0.004 0.004 0.000 0.003 20,445 20446 20,445
C3 20101 0.192 20.160 20192 20139 20137 20138
ca 0112 0113 20.100 0114 1.168 1.167 0.167
C5 20.074 20,074 20161 20,074 0.020 0.022 0.022
C6 20.029 20.030 20,014 20.030 20.496 20.497 20.496
C7 0.554 0.554 0.553 0.554 0.207 0.205 0.206
08 20.406 20,400 20.364 0412 20,386 20.386 ~0.384
NO 20594 20504 0571 20504 20.607 20.606 20.606
N10 20.153 20.156 0113 0161 20358 20350 20355
CIl 0.011 0.012 0.003 0.012 0177 20.167 20182
C12 0128 0125 20.129 0131 20.085 20.102 20.088
C13 20.196 20138 20.187 0134 0.292 0.338 0.295
C1a 20.023 20.071 20.016 20.059 0.716 0.255 0.664
C15 20,168 0.196 0.081 0.203 20.360 0373 20481
C16 20.163 20.155 20.180 20197 20120 20,018 0.141
C17 20.120 0123 0.261 0.271 20481 0513 0671
C1s 0171 20153 20176 20.166 20475 20.029 20.093
C19 20.080 20.090 20.161 20.080 0167 20.196 20,202
H2 0.175 0.174 0.181 0.173 0.197 0.197 0.198
H3 0.199 0.198 0108 | —— 0.192 0.102 0.193
H5 0.219 0.219 0.169 0.197 0.211 0211 0211
H6 0172 | —— | —— 0.220 0.191 0.192 0.192
Ho 0.318 0.317 0.316 0.316 0.342 0.341 0.343
H11 0.150 0.150 0.134 0.147 0.169 0.165 0.169
H12 0.184 0.179 0.180 0.177 0.191 0.193 0.191
H13 0.158 0.184 0.152 0.180 0.202 0.178 0.203
H15 0158 | 0165 | —— | —n 0178 |
H16 0.156 0.175 0174 0.204 0.189 0.190 0.196
H17 0.158 0154 | v | —— 0184 | - | v
H18 0.155 0.154 0172 0173 0.189 0.191 0.194
H19 0.163 0.159 0.155 0.159 0.182 0.181 0.188
20538 20539
0QCH, | 0201 | T 0200 | T | v | T
0518 20510

pOCH, [ o | 10.293 0203 | T

oBr | —— | —= | — | — 0042 | —— 20,023
oBr | e | m | e | m | o 20,063 20.045

This result is consistent that the pyridine ring is higher effect as an electron withdrawing than Br
atom, so it decreases the negative charge on the Br atom at the para or ortho position in
(PINH —o,p Br), on the other hand the (-OCHz;) group is an electron donating role, so it increases the
negative charge of N atom of pyridine ring in (PINH —OCHj;) molecule.

Figure 3 shows the frontier molecule orbital density distributions of (PINH) Schiff derivatives
HOMO; LUMO.
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Figure 3-The frontier molecule orbital density distributions of (PINH) derivatives HOMO; LUMO.
Infrared spectra (IR):
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DFT (B3LYP/ 6-311G) calculations have carried out for the estimation of vibration frequencies, and
normal coordinates for the calculated Schiff bases molecules, The results were compared with the
experimental measured values [40 - 42]. The stretching vibration frequency of N-H bond due to amide
group was found to have values range of (3456-3489 cm™), for aromatic C-H stretching (3209-3228
cm'™), for aliphatic C-H stretching (2995-3184 cm™), for CH scissoring (1215-1527 cm™), for amide
C=0 stretching, (1646-1669 cm™) for aliphatic C=C stretching (1670-1682 cm™), for aromatic C--C
stretching (1608-1644 cm™), for C-C-C stretching vibration (phenyl ring) (1597-1641 cm™), for N-N
stretching (1011-1167cm™).

Table 5 shows values of some calculated vibration frequencies and IR absorption intensities for
PINH molecule using DFT (B3LYP/ 6-311G) method, Scheme 1. shows the IR spectra for PINH
molecule as calculated by DFT method, and figure 4. shows some modes of vibration frequencies for
[(phenylallylidene) isonicotinohydrazide],using Gaussian 2005 view program.

Table 5-DFT vibration frequencies and IR absorption intensities for the studied PINH Schiff base molecule.

Exp.
- PINH [40-52]
Description -
Frequency Intensity Frequency
cm™ km/mol cm*
In plane of the molecule
A
vy N-H str. (amide) 3457 1.928 3450
) C-H sym. str. (pyridine ring) 3126 17058 | = -
V3 C-H asym. str.(pyridine ring) 3049-3093 6.904-36.173 | = ----—---
V4 CH sym str. (phenyl ring) 3073 35.304 3062
5 C-H asym. str. (phenyl ring) 3034-3061 9.6925-41518 | = ---—----
Vg CH asym. str. (phenyl ring) 3039-3044 6.5232-10.723 | = ---—----
7 C9-H str. 2995 18.737 2975
Vg C-H str. 2915 48.824 2907
Vg C=C str. 1678 114.497 1610
Vig C=0 str. 1648 329.388 1663
Vi1 C-C-C str.(phenyl ring) 1641 2.930 1645
V1o C-C str. (pyridine .ring) & C;-N str. 1625 4.021 1627
Vi3 C;-N str. + C-C str. (phenyl ring) 1608-1617 1.829-8.777 1600
Vig (C-C-N) str. (pyridine ring) 1570 16.840 1570
Vis S8CH sym. (rocking ph. ring) 1392-1543 10.431-275.945 | = -——---
Vig S8CH sym. (rocking pyridine ring) 1374-1521 1441-135.128 | = e=—---
V17 SCH scissoring 1511 14798 | -
Vig 8CH asym. (rocking pyridine ring) 1494 24598 | -
Vig SdCH sym. scissoring (pyridine ring) 1444 14888 | -
Voo 6NH + 6CH 1408 158.829 | -
Voi C-N str. & 3CH 1347 275945 | e
Voo S8CH scissoring 1307-1342 25.948-131.435 | = -
Vo3 C-C-N str. (pyridine ring str.) 1267 12903 | -
Vs SCH (pyridine ring) 698-1252 1.601-0478 | = -
Vo5 d(phenyl ring) 1262 LY R ——
Ve 8C-H sym. scissoring (phenyl ring) 1213-1230 0.266-4.242 | = -
Vo7 dmolecule 34-1379 0.659-4338 | = -———-
Vog N-N str. & 8C-H (pyridine ring) 1167 130.162 | emeee-
Vg 8C-H sym. scissoring (pyridine ring) 1119 4227 | -
V3o 8C-H asym. rocking (phenyl ring) 1113 18.140 | emeee-
Va1 SPyridine ring 1102 34657 | -
Vao S8CH asym. rocking (phenyl ring) 1054 2975 | e
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Va3 dCCC (phenyl ring) 1028 0564 | @ -
V34 3C=0 & 8C-N 663 52976 | @ -
Vas S8CH sym. rocking (phenyl ring) & 6C=0 613 11729 | -
Vs 8C=C--C=N-N & yCH (' phenyl ring ) 432 1227 | -
Va7 dmolecule 228 1330 | -
Out of plane of the molecule
A"
Vag yCH asym. twisting (pyridine ring) 1031-1037 1.691-569% | = ------
Vg yCH asym. twisting (phenyl ring) 1004-1035 0.073-4692 | = ------
Va0 vyCH sym. wagging yCH (pheny! ring) 1025 48512 | -
Vi yCH asym. twisting 972.98 (V7 S I——
Vi vCH (phenyl ring) & yCH (aliphatic) 957 0.013 925
Vi3 yCH asym. wagging (pyridine ring) 931 0000 | @ -
Vas yCH sym. twisting (phenyl ring) & yCH 907 1423 | -
Vis yCH sym.wagging (sym. pyridine ring) 780-879 18.415-24.381 840-880
Vag yCH wagging (pheny! ring) 716-785 37.752-91.403 |  ---—--—--
Va7 yCH wagging asym. (phenyl ring) 869 0056 | @ -
Vig yNH & ypyridine ring 676 2.519 660
Vag yCCC (phenyl ring) 532 7859 | -
Vso YCCN (pyridine ring) + yC=0 + yC-N 467 1080 | @ -
Vs1 yCCN (pyridine ring) 396 0004 | @ -
Vs, yC=C--C=N-N & yCH (pheny! ring) 367 1227 | -
Vi3 ymolecule 206 7367 | -
Vsy yC--C-N (aliphatic) 144 Y S [e—
Vss yC=C 90 0015 | -
v: out of plane bending vibration., &:in-plane bending vibration.
IR Spectrum
1200 — 900
1000 e
i — 700 =
c 800 — 600 Cj_
= C 500 S
% 600 —all
=1 - ~ 400 e
W' 400 - C 300 S
200 - -200 §
i | JL - 100 .
0-— J —0
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1500 2000

Frequency (cm™)

2500 3000

3500

Scheme 1-1R spectra for PINH molecule as calculated by DFT method.
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N-H stretching vibration 3457 cm™

)

C--C phenyl ring stret. vibration 1641 cm™ C--C pyridine ring stretching vib. 1625 cm™

yCCC phenyl ring bending vibration 532 cm~ yCCC pyridine ring bending vibration 467 cm”
1 1

Figure 4. Some modes of vibration frequencies for PINH Schiff base molecule calculated by DFT method..
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Conclusion.

1. The inhibition efficiency of the calculated INHC Schiff bases derivatives using DFT quantum

mechanical method increase with increasing Epomo, U, EA, w, S, AN and with decrease in E_ywmo,

energy gap (AEnomo-Lumo), IE, m, and . For these efficiency parameters it was found that PINH (o,p-

OCHgs) has the best inhibition efficiency parameters among group I1, and PINH (p-Br) has the best

inhibition efficiency parameters among group III, and both of them has the best inhibition efficiency

parameters among group I (PINH), so for the inhibition efficiency parameters, the PINH Schiff bases
derivatives may be confirms in the order of;

PINH (0,p-OCHz3) > PINH (o,p-Br) > PINH

2. Quantum chemical study for calculating the main positive and negative active sites (according to the

charge type) which indicate the position of adsorption of PINH Schiff bases derivatives on the mineral

surface shows that the positive active sites are located at (C2 and C7) atoms, whereas negative active
sites are located at (C5, C6, 08, N9, N10, C12, C16 and C18) atoms.

3- Symmetry can be fixed as an additional important efficiency parameter. The calculated molecules

with highest symmetry (Cs) gives better inhibition efficiency than that have lower symmetry (C,),

through increasing the planarity of adsorption on the metal surface.

4- DFT (B3LYP/ 6-311G) calculations of vibration frequencies and IR absorption intensities for PINH

Schiff bases derivatives molecule gave a very good assignment values in comparison with

experimental values.
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