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ABSTRACT

The inhibition activity of a new Schiff base derived from 5-Bromo-isatin namely N-[(6-nitro-1, 2- dihydrophtalazin -3,10-
dione-1-yl) aceto] 3(tolylimino)-5-bromo-2-oxoindole (5BIN), for carbon steel in aerated 3.5% NaCl solution was
investigated using open circuit potential (OCP), potentiodynamic to evaluate the 5BIN inhibition efficiency. Results from
potentiodynamic polarization revealed the mode of inhibitive action and adsorption of inhibitor molecules. Further, surface
morphological was examined by SEM (Scanning Electron Microscopy), AFM (Atomic Force Microscopy), and EDS
(Energy Dispersive Spectroscopy) measurements, all supported the protective film formation by 5BIN on carbon steel
surface. Quantum mechanical methods of the approximate semiempirical theory PM3 and DFT (Density Functional
Theory) of B3LYP with a level of 6-311++G (2d, 2p) were used for calculating the geometrical structure, physical
properties and inhibition efficiency parameters, all were studied at the equilibrium geometry in three media (vacuum,
DMSO, and H,0). The theoretical results corroborated by experimental data, with both the experimental and theoretical
data showing that the 5BIN is a very good corrosion inhibitor.

KEYWORDS: Corrosion inhibitor, 3.5% NaCl solution, 5-Bromo-isatin derivative.

INTRODUCTION quantities characterizing, shape, the reactivity, and binding
The use of inhibitors is one of the most practical ways to properties as well as molecular fragments and substituent.
protect steel against corrosion in sat solutions™. The The use of theoretical parameters presents two main
majority of inhibitors used in the industry are organic advantages: firstly, the compound and their various
compounds. It is mainly composed of nitrogen, oxygen fragments and substituent can be directly characterized on
and sulfur, as well as double or triple bonds that facilitate the basis of their molecular structure; and secondly, the

the absorption of these compounds to metal surfaces?. proposed mechanism of action can be directly accounted
The mechanism of inhibition is predominantly occur by in terms of the chemical reactivity of the compounds under
some physicochemical and electronic properties of organic study. The inhibiting efficiency of the corrosion inhibitor
inhibitor that relate to functional groups, exceptional depends on the number of adsorption actives center in the

effects, electron density of donor atoms, and orbital nature molecule, the charge density, size, aromaticity, sterric
of electrons donation®¥, Isatin is one of a new class of factor, electron density at donor molecule, the electronic
compounds, not homogeneous with significant and well structure of inhibiting molecules, formation of the metallic
tolerated in humans, and can give different activities by ~ complex, and mode of adsorption 5,

entering substations into its loop. This can increase its The aim of this work is to synthesize and characterize a
adsorption capacity and make it a good inhibitor®®. The  new derivative of 5-bromo isatin which is N-[(6-nitro-1, 2-
Sanimir method”® was the oldest and most important dihydrophtalazin-3,10-dione-1-yl) aceto] 3 (tolylimino)-5-
methods in the preparation of the isatin, but this method bromo-2-oxoindole (5BIN), Figure 1. Then the viability
was limited by Ganeshwara®. For ethane derivatives, study of the corrosion inhibition theoretically and
nitrogen arsenic derivatives can be prepared using a experimentally for carbon steel C45 surface in three media
mixture of sulfonitric 5 nitrozatinl®®. Preparation of (vacuum, dimethyl sulphoxide, and water), which was
bromine arsenic derivatives achieved in two methods, the tested first theoretically among many newly derivatives of
first in alcohol gives 5,7-Dibromo-3,3-dialkoxyoxindoles the 5-bromo isatin [*”! as a best one for being corrosion
in an acid catalyzed ketalization of the halogenated isatin inhibitor, depending on studying the parameters of
(11 and the second is monobromoisatin production in quantum mechanical inhibition efficiency using PM3 and

position 5 (at least on a micorscale) by the use of N- DFT quantum mechanical methods. Practically to proven
bromoacetamide in acetic acid medium 2. Isatin and that, 5BIN could be used as a corrosion inhibitor for the
isatin derivative have more applications like antibacterial, surface of carbon sted in 3.5% NaCl solution, a
anti-HIV, antifungal, anti-cancer, anticonvulsant, anti- measurements of linear polarization resistance, SEM
inflammatory, and anti-depressant™'¥ .Quantum  (Scanning Electron Microscopy), AFM (Atomic Force

mechanical methods and molecular modeling techniques Microscopy) and EDS (Energy Dispersive Spectroscopy)
enable the definition of a large number of molecular were used.
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FIGURE 1: Chemical structure of N-[(6-nitro-1,2-dihydrophtal azin-3,10-dione-1-yl) aceto] 3(tolylimino)-5-bromo-2-
oxoindole (5BIN).

Theoretical calculations

Complete geometrical optimization of the investigated
molecule are performed using semiemperica method PM3
and DFT (Density Functional Theory) using Becke's
three-parameter functional and the correlation functional
of Lee, Yang and Parr (B3LY P) with a 6-311++G (2d, 2p)
level of theory [*#2% implemented in Gaussian 09 program
package ). The theoretical parameters that were
calculated at the optimized structure are Eyomo (Energy of
the Highest Occupied Molecular Orbital), E ymo (Energy
of the Lowest Unoccupied Molecular Orbital), AELomo.
Lumo (Energy gap), dipole moment (u), electron affinity
(A), ionization potential (I) and the fraction of electrons
transferred (AN)......
MATERIALS& METHODS

Synthesis of 3-(tolyl-imino)-5-bromo indole-1H-2 one
)

A mixture of 5-bromo-isatin (Indole-2, 3-Dione) (4.20,
0.0186 moL) with p-toluidine (5.87, 0.0186 moL) in
dimethylformamide (10 mL) was refluxed for (10 hrs) in
the presence of (4-5) drops of glacial acetic acid. After
cooling, it was filtered and recrystalized from dioxan
solvent [22].

Synthesis of N-(a-chloroaceto-1-yl)-3-(P-tolyl imino)-5-
bromo-2-oxo- indole (2)

A mixture of (1g, 0.0031moL) compound (1) in (5 mL)
dimethylformamide (DMF) was cold to (0 °C). A solution
of sodium hydride (0.08 g, 0.0031 mol 60% in mineral ail)
was periodically added to the mixture in a small portions.
Chloroacetyl chloride (0.24 mL, 0.0031 moL) was added
to the dlurry via stirring, and the reaction mixture was
slowly warmed to room temperature. The reaction was
quenched with water after (4.5 hrs). The resulting
precipitate was removed via filtration and recrystallization
from ethanol solvent (%2,

Synthesis of N-(acetohydrazide-1-yl)-3-(P-tolyl imino)-
5-bromo-2-oxo-indole (3).

To a mixture of compound (2), (1 g, 0.0025 moal.) in
absol ute ethanol (5 mL) with drops of dimethylformamide,
hydrazine hydrated 80% (0.07 mL, 0.0025 mol) was added
with continuous stirring. The resulting mixture was
refluxed for (4 hrs). After cooling by adding to ice water, a
deep brown precipitate was formed. The precipitate was
filtered and recrystallized from ethanol solvent %%
Synthesis of N-[(6-nitro- 1, 2- dihydrophtalazin-3, 10-
dione-1-yl) aceto] 3(tolylimino) -5-bromo-2-oxoindole
4

A mixture of (1g, 0.0025moL) compound (3) with (4-
nitrophthalic anhydride) (0.0025moL) in (10mL) glacial
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acetic acid was heated under reflux for (6-8hrs). The
mixture was cooled by adding to ice water. After cooling,
a deep yellow precipitate was formed. The precipitate was
filtered and recrystallized from chloroform solvent 124,
Preparation samples

In this study a carbon steel (C45) was used with a
chemical composition of metallic materias (in wt%) of
(0.42-0.50)% C, 0.40% Si, (0.50-0.80) % Mn, 0.045% S,
0.40% Cr, 0.045% P, 0.40% Ni, 0.1% (Mo & Cr) and
(97.31-97.96)% is iron (Fe). The carbon steel samples
were mechanically cut into the circular sample with
dimension of 2.5cm in diameter and 0.5 mm thickness.
Pre-treated prior to the experiments by grinding with
emery paper SiC in different grade (80, 150, 220, 320,
400, 1000, 1200 and 2000), rinsed with tap water, de-
ionized water and recent degreased in acetone, washed
again with de-ionized water, dried at room temperature
and kept in a desiccators before immersed in the corrosive
solution (252,

Preparation solutions

Blank solution

35gm of NaCl was dissolved in (100mL) de-ionized water,
transferred quantitatively to (1000mL) volumetric flask,
adding (2ml of DMSO) then complete the volume to one
liter with de-ionized water. In this study, 3.5% NaCl was
E:zg]oosen to avoid the problems linked to the ohmic drop
5BIN solutions

The solutions concentration of (S5ppm, 10ppm, 20ppm, and
30ppm) were prepared by dissolving 0.005g, 0.01g, 0.02g,
and 0.03g of 5BIN respectively, each in 2mL DMSO,
transferred to a volumetric flask of 1L containing 359
NaCl dissolved in de-ionized water. The volume was
completed to 1L with de-ionized water.

Electrochemical measurements

The potentiostat set up includes host computer, thermostat,
magnetic stirrer, Matlab (Germany, 2000) potentiostat, and
galvanostat. The corrosion cell is (1L) capacity made of
pyrex, consists of two bowls internal and external. The
corrosion cell is a three electrode electrochemical cell
containing a carbon steel working electrode with a 1 cm?
surface are used to determine the potential of working
electrode according to the reference electrode, a platinum
auxiliary electrode with length of 10 cm and a silver-silver
chloride (Ag/AgCI, 3.0M KCI) referenced electrode. The
working electrode was immersed in the test solution for 15
minute to establish steady state open circuit potential
(Eocp), then electrochemical measurements were
performed in potential range (£200) mV. All
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electrochemical tests have been performed in aerated
solutions at 293, 303, 313, 323, and 333 K.

RESULTS & DISCUSSION

Molecular geometry

The 5BIN compound was built using Gaussian 09 package
for caculating the equilibrium geometries®. The
corresponding geometry in vacuum was fully optimized

ISSN 2229 - 6441

using PM3, and DFT methods. The geometry of the
investigated molecule was calculated in addition to
vacuum, by two solution media (H,O and DMSO) at the
same level of DFT theory. The final geometry of (5BIN)
according to the most correct method DFT is given in
Figure 2b.
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FIGURE 2: a- Chemical structure of 5BIN, b- Equilibrium geometry of the 5BIN molecule calculated by DFT method.

Figure 2a shows the label of atomsfor 5BIN inhibitor. The
different substitutions at N27 and C12 made a difference
observed in the computational results involves significant
modifications on the geometrical structure Table 1,
physical properties Tables (2,4) inhibition efficiency
parameters Tables (3,5) in compares with other 5-Bromo
isatin derivitives studied previously®®*”. The optimized
geometrical structure of 5BIN compound was found to be
the same in the three media. The longest bond length was
observed for C5-Br (1.917A%), then the bond length of
C10-C12 (1.522A%. The shortest bond length was

observed for C32-H (1.089A0). The bond angles for the
compound getting between (104.963A°%) in C2C3C8 and
(134.473A°% in C3N27C28. The values of trans dihedral
angles such as (N27C28C29C30), (C28C29C30H),
(N27C28C34C33), (C18C17C23C24), and cis dihedra
angles such as (HC29C30H), (N20C19C21H),
(BrC5C6H35), (C18C19 C21C22) shown that 5BIN
molecule is nearly planar. This result leads to explain that
the adsorption on the metallic surface was easier through
these sites of 5BIN, Table 1. On using the solvents, no
changes were observed in the geometrical structure.

TABLE 1: DFT geometrical structure calculation for (5BIN) molecule

Description Bond length  Description Bond angle Description Dihedral
Bond length A) angle (deg) (deg) Dihedral angle angle (deg)
N1-C2 1.426G N1C2C3 106.444G BrC5C6H35 -0.055G
N1-C9 1.431G N1C2026 123.889G CAC5C6C7 0.101G
N1-C10 1.396G Cc2C3c8 104.963G C5C6C7C9 0.117G
C2-C3 1.519G C3C8C9 109.972G C5C4C8C9 -0.064G
C2=026 1.207G C8C3N27 121.725G C8CIN1C2 1.388G
C3-Cc8 1.462G N1C9oC8 108.866G 026C2N1C10 2.981G
C3-N27 1.281G cacsc4 121.057G CI9N1C10011 -4.587G
C4-C5 1.388G C8C4C5 117.658G C10C12N13N14  -63.002G
C4-C8 1.387G CAC5Br 119.243G HN14C15016 -27.581G
C5-C6 1.390G CAC5C6 121.601G C15N14N13C24  -22.713G
C5-Br 1.917G C5C6C7 120.727G C15C17C23C24  1.367G
C6-C7 1.394G C6C7C9 117.848G C18C17C23C22  -0.674G
C7-C9 1.387G C7C8C9 121.105G C15C17C18H -0.892G
C9-C8 1.398G N1C10011 120.370G C18C19C21C22  -0.050G
C10-C12 1.522G N1C10C12 118.264G C19C21C22C23  -0.076G
C12-N13 1.461G C10C12N13 111.545G HC21C22H -0.129G
N13-N14 1.418G C12N13N14 114.124G N20C19C21H 0.043G
N14-C15 1.376G N13N14C15 122.862G C18CI19N20035 -6.824G
C15=016 1.220G N14C15016 120.572G N27C28C29H 0.218G
C15-C17 1.481G N14C15C17 115.411G HC29C30H 0.046G
C17-C18 1.390G C17C15016 123.988G C28C29C30C31  0.064G
C18-C19 1.386G C15C17C23 120.329G C5C4C8C3 178.957G
C19-N20 1.478G C17C23C24 121.178G C6C7CION1 -178.242G
N20-035 1.223G C23C24N13 121.178G C2C3Cc8c4 -179.499G
N20-0O36 1.224G C23C24025 122.477G C8C3C2026 -177.610G
C19-C21 1.394G C23Cc22C21 119.981G N27C28C29C30  -179.926G
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C21-C22 1.387G C19C21C22
C22-C23 1.394G C21C19N20
C23-C17 1.398G C19N20035
C23-C24 1.487G C19N20036
C24=025 1.223G C21C22C23
C24-N13 1.380G C22C23C17
N27-C28 1.385G C18C19C21
C28-C29 1.408G C3N27C28
C10=011 1.216G N27C28C29
C29-C30 1.388G C29C28C34
C30-C31 1.396G C28C29C30
C31-C32 1.504G C29C30C31
C32-H 1.089G C30C32C33
C31-C33 1.397G C30C31C32
C33-C34 1.390G C31C32H
C34-C28 1.408G C31C33C34

118.684G C3N27C28C29 179.322G

118.772G C28C29C30H -179.804G
117.409G N27C28C34C33  179.944G
117.282G C24N13N14H -161.094G

119.981G N14N13C24025  -166.801G
120.251G C12N13C24C23  164.177G
122.447G C22C23C24N13  175.979G

134.473G C17C23C22H -179.658G
113.707G C23C17C15016  174.267G
118.193G C21C19C18H 179.859G

121.181G C21C19N20035  173.226G
120.577G C17C19N20036  -175.013G
118.374G C18C17C23C24  179.960G
120.798G C15C17C23C22  -179.267G
111.383G C21C22C23C24  179.817G
121.744G C15C17C18C19 179.146G

Reactivity sites

Limits orbital theory is useful in predicting absorption
inhibitor molecules responsible centers to interact with the
metal [31]. Conditions that involve molecular orbital
border can provide the authoritarian contribution, due to
the inverse of the energy dependence of the stability of the
orbital energy difference (AE = E_umo-Enomo). These
orbitals, also called Frontier orbitals, determine the way
the molecule interacts with other species. The HOMO is
the orbital that could act as an electron donor, since it is
the outermost (highest energy) orbital containing
electrons. The LUMO is the orbital that could act as the
electron acceptor, since it is the innermost (lowest energy)
orbital that has room to accept electrons. According to the
frontier molecular orbital theory, the formation of a
transition state is due to an interaction between the
Frontier orbitals (HOMO and LUMO) of reactants. The
energy of the HOMO is directly related to the ionization
potential, and the energy of the LUMO is directly related
to the electron affinity. The AEpomo-Lumo gap, i.e. the
difference in energy between the HOMO and LUMO, is
an important stability index. A large AEnomo-Lumo 93P
implies high stability for the molecule in chemical
reactions. The concept of ‘‘activation hardness” has been
also defined on the basis of the AEomo-Lumo €nergy gap.
The qualitative definition of hardness is closely related to
the polarizability, since a decrease of the energy gap
usualy leads to easier polarization of the molecule.
Quantum chemical parameters expense related to the
efficiency of the inhibition of a molecule, such as HOMO
and LUMO energy values, frontier orbital energy gap,
molecular dipole moment, electronegativity (X), global
hardness (n), softness (o), the fraction of electron
transferred (AN), were calculated using the DFT method
and have been used to understand the properties and
activity of the newly prepared compound and to help in
the explanation of the experimental data obtained for the
corrosion process. According to Koopman’s theorem 2,
the ionization potential (IE) and electron affinity (EA) of
the inhibitors are calculated using the following Equations:
IE =-Ehomo (1)

EA =-ELumo 2
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Thus, the values of the electronegativity (x) and the
chemical hardness (n) according to Pearson, operational
and approximate definitions can be evaluated using the
following relations **

x= (IE+EA)/ 2 3)
n = (IE-EA)/ 2 4)
Global chemical softness (S), which describes the capacity of an

atom or group of atoms to receive electrons [34], was estimated
by using Equation 5:

S=1/n (5)

The number of transferred electrons (AN) was also calculated
depending on the quantum chemical method [35, 36], by
according to Equation 6:

AN = (xre-Xinnin.)/ [2 (M Fe + M innib.)] (6)

Using a theoretical values for mild steel cg- 7.0 V.

mol™ and nge = 0.0eV. mol™ B7. x. denote the absolute
electronegativity of iron and c;,, the electronegativity of
inhibitor molecule. Mg and ni,, denote the absolute

hardness of iron and the inhibitor molecule respectively.
The dipole moment (u in Debye) is another very important
electronic parameter, its product from uniform distribution
charge on the atoms and the distance between the two
bonded atoms &, High dipole moment values are reported
to facilitate adsorption and therefore inhibition by
influencing the transport process through the adsorbed
layert®#% " At vacuum medium the dipole moment values
of 5BIN are (7.16827 Debye) for PM3 and (9.0893 Debye)
for DFT, increased in solutions of DMSO and H,O Tables
2, 4. Probably indicating a strong dipole-dipole
interactions and the adsorption of 5-bromoisatin derivative
in aqueous solution can be regarded as a quasi-substitution
process of the DM SO and water molecules by the inhibitor
molecules at the metal surface (DM SOads and H,Oads).
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TABLE 2: PM3 calculations for some physical properties of the inhibitor molecule 5BIN at the equilibrium geometry

M. formula AHY (kcal/mal)  Enomo ELumo AE pomoLumo M
M. wt. (gm/mol)  (kJ/mol) (eVv) (eV) (eV) (Debye)
CosH16NsO6Br -14.014 -9.330 -1.982  7.348 7.16827
562.335 -58.637

TABLE 3: Quantum chemical parameters for the inhibitor molecules 5BIN as cal culated using PM 3 method
IE eV) EA (eV) n (eV) x (eV) S(eV) = (eV) AN
9.330 1.982 3.6740 5.6560 0.2721 4.3536 0.1829

TABLE 4: DFT calculations for some physical properties of the 5BIN inhibitor in three media (vacuum, DM SO, and H,0)
at the equilibrium geometry

Inhib. Sym  Enomo ELumo AEjomoLumo M Etota
medium (eV) (eVv) (eV) (Debye) (eV)
Vacuum Cc1 -6.8031 -3.5853 3.2178 9.0893 -103187.8972
DMSO Cc1 -6.5457 -3.4683 3.0774 10.2178 -115974.3663
H,0O C1 -6.5435 -3.4689 3.0746 10.2282 -115974.3772

TABLE 5: Quantum chemical parameters for the 5BIN inhibitor in three media (vacuum, DM SO, and H,0) as calculated
using DFT method

Inhib. Medium IE(&V) EA (&V) n(eV) (V)  S(&V) . (eV) AN

Vacuum 6.8031 35853 16080 51942 06215 83845  0.5611
DMSO 65457 34683 15387 5007 06498 81465  0.6476
H,0 65435 34680 15373 50062 06504 81513  0.6484

The Frontier molecule orbital density distributions of 5BIN as calculations using DFT method is shown in Figure 3.

HOMO (-6.8031 eV) LUMO (-3.5853 eV)
FIGURE 3: DFT calculations for Frontier molecule orbital density distributions of 5BIN. Red color: negative charged
lobe, blue color: positive charge lobe.

Local reactivity of the one N-benzyl-5-bromo isatin interactions. Electrical charges in the molecule considered
derivative driving force of electrostatic interactions, so they are
The local reactivity sites of the studied inhibitors are important in physico chemical properties of compound

investigated using the DFT Mulliken charges population  reactions***d. The sites for electrophihic attack were
analysis which is an indication of the reactive sites of controlled by the positive charges, in turn; the site for
molecules (nucleophilic and electrophilic sites). Therefore, electrophilic attack was controlled by the negative
the molecule regions where the electronic charge is large charges. From Table 6, the order of the negative active
are chemically softer than the regions where the electronic sites for adsorption (nucleophihic reactive sites) is; 016>
charge is small. So the electron density plays an important 025> C18> 011> C12> 026> N14> C30 and the order of
role in caculating the chemica reactivity. Chemica positive active sites for adsorption (electrophihic reactive
adsorption interactions are either by electrostatic or orbital sites) are C24> C10> C15.
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TABLE 6: DFT Mulliken charges population analysis for the 5BIN molecule in the three media (vacuum, DM SO, and

H,0).
Atom  Electronic Atom  Electronic Atom  Electronic Atom Electronic
charge (ecu) charge (ecu) charge (ecu) charge (ecu)
N1 -0.161V Cc9 0.221vV C18 -0.511v C28 0.088v
-0.127D 0.223D -0.461D 0.105D
-0.126W 0.223W -0.460W 0.106W
Cc2 0.331V C10 0.496V C19 -0.056V C29 -0.096V
0.352D 0.564D -0.157D -0.108D
0.352W 0.565W -0.159W -0.108W
C3 -0.055v 011 -0.439Vv N20 0.016V C30 -0.368V
-0.026D -0.469D 0.081D -0.402D
-0.025W -0.470W 0.082W -0.402W
c4 -0.308V C12 -0.403Vv c21 -0.042v C31 0.388V
-0.275D -0.438D -0.035D 0.372D
-0.274W -0.439W -0.035W 0.371W
C5 -0.158V N13 0.242v Cc22 -0.349v C32 -0.319v
-0.192D 0.251D -0.353D -0.332D
-0.192W 0.251W -0.353W -0.332W
Br -0.051Vv N14 -0.411v C24 0.630V C33 -0.158V
-0.063D -0.390D 0.663D -0.169D
-0.063W -0.389W 0.664W -0.169W
C6 -0.303V C15 0.373V 025 -0.486V C34 -0.168V
-0.301D 0.402D -0.551D -0.175D
-0.302W 0.403W -0.552wW -0.175W
(ov4 -0.153V 016 -0.475v 026 -0.389V 035 -0.122v
-0.170D -0.555D -0.419D -0.175D
-0.170W -0.556W -0.419W -0.176W
Cc8 0.321Vv C17 0.313Vv N27 -0.215v 036 -0.134v
0.302D 0.384D -0.251D -0.177D
0.302W 0.386W -0.252W -0.178W
V: vacuum, D: DM SO, W: water, blue color: positive charge (electrophihic active sites), red color: negative charge (nucleophihic active
sites).
Synthesis of of 3-(tolyl-imino) -5-bromo indole-1H-2- refluxed. in presence of glacial acetic acid to give
one (1) compound (1), Scheme 1.

A mixture of 5-bromoisatin (indole-2,3-dione) and para
methyl aromatic amine in dimethylformamide was

s
Br Br /

DM s CH{000H o

o+ refluxe N
H

N
H
NH;
Scheme 1: Synthesis of 3-(tolyl-imino)-5-bromo indole-1H-2-one.
The first step is the condensation reaction between para methyl aromatic amine and carbonyl compounds involved

nucleophilic addition of para methyl aromatic amine compound to a carbonyl group producing intermediate which
eliminate water molecule in step two “? to afford the compound (1), Scheme 2.
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Scheme 2: Mechanism for synthesis of 3-(tolyl-imino)-5-bromo indole-1H-2-one.

Synthesis of N-(a-chloroaceto-1-yl)-3-(P-tolyl imino)-5-
bromo-2-oxo indole (2)

A mixture of 3-(tolyl imino)-5-bromo indole-1H-2-one
compound (1) in dimethylformamide (DMF), and sodium

hydride periodically added to the solution in small
portions of chloroacetylchloride to give compound (2),
Scheme 3

Br
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Ho i
+ CO—c—C—cl

Dry DMF

4
T

N

H

NaH/ 0c®

Br 4
O
N

©)

|
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Compound (2) was synthesized by nucleophilic
substitution  reaction  of compound (1) with
Chloroacetylchloride. This reaction was carried out in

Scheme 3: Synthesis of N-(a-chloroaceto-1-yl)-3-(P-tolyl imino)-5-bromo-2-oxo indole

sodium hydride (NaOH) solution to increase the
nucleophilicity of indole in attacking molecule by forming

Dry DM F

NaH/0c®

B

sodium salt as an intermediate !, Scheme 4.
e &

o]
N
Na

0=G—CH ,Cl
(2)

Scheme 4: The forming of sodium salt as an intermediate

Synthesis of N-(acetohydrazide-1-yl)-3-(P-tolyl imino)-
5-bromo-2-oxoindole (3)

The N-(acetohydrazide-1-yl)-3-(P-tolyl imino)-5-bromo-2-
oxoindole (3) was found a suitable route for this synthetic

approach. So when compound (2) refluxed with hydrazine
hydrate in dimethylformamide as a solvent it gave the
expected compound (3), Scheme 5.

Br

* NH,NH, H,0

N™ ~o 80%

//C\

0”7 “cH,ClI o// ScH,NH-NH
(2) (3)

DMF

Scheme 5: Synthesis of N-(acetohydrazide-1-yl)-3-(P-tolyl imino)-5-bromo-2-oxoindole.
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Synthesis of N-[ (6-nitro-1, 2-dihydrophtalazin-3, 10-
dione-1-yl) aceto] 3 (tolylimino)-5-bromo-2-oxoindole
(4).

This compound was synthesized by the reaction of the N-
(acetohydrazide-1-yl)-3-(P-tolylimino)-5-bromo-
2oxoindole (3), with (4-nitrophthalic anhydride) in the
presence of acetic acid as solvent and catalyst. This

compound was summarized in scheme 6. The suggested
mechanism for the synthesis of the previous derivative can
be explained as the following general mechanism “®! and
physical properties of 5BIN (compound (4)) is listed in
Table 7. FTIR spectral data of compound (4) and HNMR
signals for compound 5BIN (ppm) are listed in Table 8.

TABLE 7: Physical properties of compound 5BIN.

Molecular M.W m.p. °C Yield % Color Solvent for
Formula g/mal recryst.
CysH16BrNsOg 562.3 158-159 85 Deep Chloroform
yellow
TABLE 8: FTIR modes of vibration (cm™) and HNMR signals (ppm) for compound 5BIN
vN-H v(C-H) v(C-H) vC=0 v(C=N) Others
arom. aleph.
3230 3066 2954 1708 1668 vNO,
3035 2923 1689 asym. 1515, sym. 1373
HNMR signas

3.30 (s, 3H, -CHa); 4.30 (s, 2H, -CH,-); 6.85 (s,1H, -CH,-NH-) 7.05-8.35 (m, 10H, Ar-H)

CH3Z;COOH CH3COO™ + H
o) (9* oH

A H* /A

AYO —»AYO - A

o
H=C© N—NHR
/O NHNHR
P.T. N A 4 T. A (0]
N T Y
\C/\_\HR ( 9
o \OH 0
o o
H H
P g
G N—r L A \
/cg‘ NN
-0 A Q- O|

vs]
z
Nz
O

\
o//C_CH 2

Scheme 6: Mechanical for synthesis of N-[(6-nitro-1,2-dihydrophtalazin-3,10-dione-1-yl) aceto] 3 (tolylimino)-5-bromo-

2-oxoindole.

Corrosion inhibition process

Inhibitor concentrations.

The inhibition efficiency for each prepared concentration
(5, 10, 20, 30ppm) was measured for at temperatures of
(293, 303, 313, 323, and 333K). The optimum condition
were found to be (5ppm) and (303K). Other concentrations
were also measured at the different temperatures for the
thermodynamic properties.

Potentiodynamic Polarization M easurements
Potentiodynamic polarization testing of carbon steel C45
in inhibited and uninhibited solution were conducted to
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measure the corrosion parameters such as corrosion
potential E.y, corrosion current le, resistance of
polarization (Rp) and corrosion rate CRyy. They were
studied by recording anodic ba and cathodic bc Tafel slope
potentiodynamic polarization curves. Measurements were
performed in 3.5% NaCl solution containing different
concentrations of the 5BIN inhibitor. The linear Tafel
segments of anodic and cathodic curves were extrapolated
to corrosion potential to obtain the corrosion current
densities |, and inhibition efficiency percentage IE%,
Equation 5:
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corr{un) — Icorr(in}

I
%IE = x 100 ...

] .(5)
corr(un)

Where leon (ny IS the inhibited corrosion current densities,
leor uny 1S the uninhibited current densities. The value of
the polarization resistance (Rp) was calculated using
Equation 6 [47-50]

Rp = b, % b, 6)

P= 2303, tb) X1,
The surface coverage (©) of the corrosion for C.S
immersed in 3.5% NaCl solution containing different
5BIN concentration (C) could be estimated, using
Equation?.

%IE
100 (™)
The corrosion rate (CR,,,,,) was calculated by Equation 8.
CRcorr = I o % 0.249 ... (8)
The addition of the SBIN derivative causes a decrease in
the corrosion rate, i.e. shifts the cathodic and anodic
curves to lower values of current densities, and both
cathodic and anodic reactions of carbon steel electrode

ISSN 2229 - 6441

corrosion are inhibited by the 5BIN in 3.5% NaCl. Figure
4 shows Tafel curves anodic and cathodic polarization for
the corrosion of carbon steel (C45) in solutions of 3.5%
NaCl, with and without the addition of various
concentrations of 5BIN at the optimum conditions [Sppm
with temperature of 303K]. Table 9 collects the values of
CRyrfor C.S surface and inhibition efficiency of the
studied compound at various concentrations and different
temperature, showing that increasing temperature lead to
increase the Icorr, while |[E% enhances with the increasing
the 5BIN concentration. The optimum conditions for 5BIN
were observed at 303K and 5ppm, corresponded to lowest
leor(0.051 pA.cm®) and maximum IE% (99.96%). The
values of iron CR were decreased with increasing
concentration of 5BIN and the addition of 5BIN to blank
solutions increased the cathodic and anodic current
densities without shifting the corrosion potential, so 5BIN
can be described as a mixed-type inhibitor. Its inhibition
caused by adsorption and the inhibition effect results from
the reduction of the reaction area on the surface of the
carbon steel .

Graph 1
——— DA
0= e | (lppm
Eppm
= 20ppm
=40 - & 30ppm
l:"-«. - I
=
£ 80
=
g
B -120 =
(=W
=160 =
-200 T T T 1
5 - -2 0 2
Log [eow (mA)

FIGURE 4: Plots of polarization for carbon steel in 3.5% NaCl for blank and for 5BIN inhibitor at a temperature of 303K
and various concentrations.

Potentiodynamic polarization curves

The electrochemical corrosion parameters are presented in
Table 9 such as corrosion potential (E.,y), cathodic and
anodic Tafel slopes (bc, ba) and corrosion current density
(leor) Obtained by extrapolation of anodic and cathodic
regions of the Tafel lines. Figure 5 presents
potentiodynamic polarization curves for carbon steel in
3.5% NaCl containing different conditions of 5BIN.
However, leor Ecor, ba and bc were evaluated from the
experimental results using a user defined function of
““Non-linear least squares curve fit’’. In this calculation,
the potential domain is limited to 100 mV/sec of Egy.
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Table 9, summarizes the obtained corrosion kinetic
parameters. E,r and the kinetic parameters calculated by a
non-linear regression calculation from the anodic
polarization scans near the open circuit potential are found
to be similar to those determined from the cathodic
polarization scans, and though Icorr is dightly higher.
Table 9 also, shows that the CR., of carbon steel
increases with increasing temperature both in uninhibited
and inhibited solution. However, the CRcorr increases
more rapidly with temperature in the absence of inhibitor.
These results confirm that 5BIN act as an efficient
inhibitor in the range of the studied temperature.
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TABLE 9: Electrochemical data of the C.S corrosion in 3.5% NaCl at various concentrations of 5BIN and different

temperature
Solun. T Ecor leorr bc ba IE% © CR
(K) (mV) (LA.cm?) (mV.dech)  (mV.dec?h)
Blank 293 -560.0 89.22 -166.1 929 e e 22.21
3@3 303 -6210 12169 -146.9 72 R — 30.30
313 -7857 16453 -26.3 738 e 40.96
323 -608.0 191.16 -102.0 3152 e e 47.59
333 -767.2 259.55 -84.5 3826 - e 64.62
Sppm 293 -621.0 0.060 -53.5 60.2 99.93 0.999 0.01
303 -617.3 0.051 -94.9 92.2 99.96 0.999 0.01
313 -566.6 0.065 -115.7 108.0 99.95 0.999 0.02
323 -583.5 0.249 -63.9 67.7 99.86 0.998 0.06
333 -663.9 1.67 -47.6 62.6 99.35 0.993 041
10ppm 293 -664.3 0.073 -137.7 1379 99.91 0.999 0.02
303 -510.9 0.157 -222.5 289.8 99.87 0.998 0.04
313 -646 0.158 -97.5 105.6 99.90 0.999 0.04
323 -704.8 0.210 -114.0 94.8 99.89 0.998 0.05
333 -714.4 0.329 -105.0 126.3 99.87 0.998 0.08
20ppm 293  -7182 1114 -57.8 82.9 8751 0.875 277
303 -683.8 11.39 -55.3 64.1 90.64 0.906 284
313 -702.2 14.24 -48.4 46.0 91.34 0913 354
323 -768.1 18.11 -49.6 63.8 90.52 0.905 4.50
333 -666.7 34.65 -38.0 82.2 86.64 0.866 8.62
30ppm 293 6247  1.94 741 738 9782 0978 050
303 -627.4 2.31 -85.1 103.9 98.10 0.981 0.58
313 -726.4 3.09 -36.5 26.9 98.12 0.981 0.77
323 -176.7 3.16 -217.4 331 98.34 0.983 0.79
333 -672.3 6.73 -108.4 1104 97.40 0.974 168
Activation parametersfor the corrosion process reveals data suggests that the CR,, oObtained increases

In order to evaluate the activation energy of the corrosion with increasing temperature for the inhibited and
process study the temperature can be affected the C.S uninhibited. This may explain why inhibitory molecules
corrosion in the 3.5% NaCl on the efficiency of inhibition act by adsorption on the metal surface. The activation
of 5BIN. The effects of temperature were studied in the parameters for the corrosion process were calculated from
ranges of 293 to 333K. The values of the corrosion rate in the equation of Arrhenius (9, 10) are used for the
the absence and presence of the optimal concentration of formation of the activation complex in the transition state
5BIN at different temperatures are given in Table 10. The using transition equations

Ea

logCR = ngA—m 9
I CR_I (R) As * AH = 10
o9 =18\57)* 5303 ~ 2303w rr - (10

Where, CR.. is the corrosion rate, A is the pre- Table 10, reflect the endothermic nature of carbon steel
exponential constant Arrhenius, Ea is the apparent activation complex forming, meaning that dissolution of
activation energy of the corrosion, R is the universal gas carbon steel is difficult 2. The value of (Ea) in the
constant (8.314 Jmol ™. K™%), T is the absol ute temperature, presence of 5BIN are higher than that in the uninhibited
N is the number of Avogadro constant Planck (6.022 x10% 3.5% NaCl solution. The lower (A) and higher (Ea) lead to
mol™), h is Plank's constant (6.626 x 10> J.s), AS” isthe  the lower CRr.. The high values of (Ea) in the presence
entropy of activation and AH" is enthalpy of the activation. of 5BIN, Tablel0 can be correlated with the increasing
This equation can be represented graphically by plotting thickness of the double layer that enhances the Ea of the
the natural (log CRyyr) Versus (U/T) with and without corrosion process 4. Straight lines were obtained with a
addition of various concentrations of 5BIN in the 3.5% slope of (AH'/ 2.303R) and an intercept of [log(R/ Nh)+
NaCl. The positive values of enthalpy AH” in the absence ~ (AS’/ 2.303R)] from which the values of AH'and AS’
and presence of various concentration of 5BIN inhibitor respectively were listed also in Table 10. The positive
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values of AH" both in the absence and presence of SEC
reflect the endothermic nature of the steel dissolution
process. The values of enthalpy of activation AH™ were
calculated from graphical and mathematical models. The
negative values of the entropy of activation both in the
absence and presence of 5BIN imply that the activated

ISSN 2229 - 6441

complex in the rate determining step represents an
association rather than a dissociation step.®>*®. Utilizing
the values of AH" and AS’, the values of AG™ for the
corrosion process could be calculated from the following
relation: AG = AH'-TAS'.

TABLE 10: Activation parameters for the C.S dissolution in 3.5% NaCl in the absence and presence the optimum
concentration of 5BIN inhibitor

Solun. T AH AG AS Ea A (Molecules)

(K) (kIma™® (kdmo™) (kJmo™K" (kdma™?) (cm?Zsh
Blank 293 18424 88451  -0.239 21.020 7.57873E+28
3.5% 303 90.841
NeCl 3 93.231

323 95.621

333 98.011
5ppm 293  71.040 173297  -0.349 73.623 4.24225E+34
(5BIN) 303 176.787

313 180.277

323 183.767

333 187.257

The activation energy (Ea) at the optimum concentration (10 mg/L) of 5BIN was determined by plotting (log CR) versus

(U/T) asshownin Figure 5.

y=-1097.x +5.1

log CRcorr

y =-3845.x + 10.84

0.0029 0.0030 0.0031
UT (K

0.0032 0.0033 0.0034

FIGURE 5: Plot of (log CR) Vs (U/T) for the corrosion of C.Sin 3.5% NaCl at the optimum concentration (5mg/ L) of

5BIN within the blank.

The enthalpy of activation AH* is obtained from the slope
(-AH"/ 2.303 R) obtained by plotting (Iog CR/ T) Versus
(1/ T) with an intercept of [(log (R/ Nh) +(AS'/ 2.303 R)]
Figure 6. The positive value of enthalpy AH™ in the

absence and presence of various concentration of 5BIN
reflects the endothermic nature of carbon steel activation
complex forming, meaning that the dissolution of C.S is
difficult 5%,

-1.2
-1.1

-1
-0.9
-0.8
-0.7
-0.6
-0.5

blank

y =-962.2x + 2.171

0.0029 0.0030 0.0031

log CReort/T (g/m2.d.K)

0.0032

1/T(KY)

0.0033 0.0034 0.0035
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FIGURE 6: Arrhenius plots calculated for CRcorr of C.Sin 3.5% NaCl in the absence and presence (5mg/L).of 5BIN.

Adsor ption isother m behavior

The adsorption isotherms are considered to describe the
interactions between the 5BIN with the active sites on
mild steel. The 5BIN to be a successful corrosion inhibitor
depends mainly on the adsorption capacity of the inhibitor
on the metal surface . Where (IE%) represent efficiency
inhibition percentage measured by the potentiostatic
method. Langmuir adsorption isotherm can be represented
by the following equations ©*°.

CI6= (UKo + C.... (12)
Clo=1b+C (12)

A plot of C/© values against the corresponding values of
C was found to be linear for the adsorption of 5BIN on
carbon steel at different temperatures, Figure 7, and at
303K Figure 8. The term b is the maximum adsorption
quantity at different temperature and could be obtained
from the intercepts of plotting C/© vaues against
concentrations and it could be used to determine the
thermodynamic function. For the process of adsorption on
C.S surface, these functions are (AHadS, Asads and

AG,yo) Table 11, were calculated using equations 13, 14
[56,57]

Kads=

=5 B (5r) (13)

AGags = —2.303 RT Log (55.55 Kags) ... (14)

Whereas, R is the universal gas constant (J. K. mol™), T
is the absolute temperature (K), and 55.5 is the molar
concentration of water in the solution (mol L™Y). By

plotting Kads versus (1/T) the AG’s was extracted from
the slope, using equations 15,16.

AGy= -RTINKys ...  .(15)
AG = AH 1 TAS s ... (16)

AH% and AS s are the enthalpy and entropy changes of
the adsorption process respectively. A plot of AG%ysversus
T was linear with the slope equal to -AS’,s and intercept
of AH’g, Table 12 collects the Langmuir adsorption
parameters for the inhibitors adsorption at the optimum
5BIN concentration. High values of Kys mean better
inhibition efficiency of the 5BIN inhibitor, i.e., the strong
electrical interaction between the double-layer existing at
the phase boundary and the adsorbing 5BIN molecules.
The negative value of (AG) indicates a spontaneous
adsorption of the inhibitors on carbon steel. AS s refersto
random interaction, whenever they are less random
whenever inhibitor best, so 5BIN of a fewer AS
(0.01961 kJ mol™ K™). The negative values of AGs
indicate spontaneous adsorption onto the C.S surface [58],
and strong interactions between 5BIN molecules and the
metal surface ®%. Through (AH ) value the nature of the
adsorption (chemist or physicist) can be determine. At
(AH ) equal to (-40 kJ. mol™) or lower (more negative),
the adsorption is chemisorptions and at values of (AHqe)
less negative than (-40 kJ. mol™), the adsorption is physic-
sorption. For 5BIN it is equal to (-8.0418 kJ.mol™)
indicating physic-sorption as a result of sharing or
transferring electrons from 5BIN molecule to the metal
surface to form a coordinate bond [60]. In all cases,
correlation factor R* was found to be greater than 0.9880
meaning a reliable result. The adsorption parameters
obtained from this studying are listed in Table 11. Figure 9
shows the relationship between log K s Vs (1/T).

TABLE 11: Langmuir adsorption parameters for the 5BIN adsorption at the optimum concentration

T (K) K as AG s AH s AS s R?

(L mol™) (kd.mol™?) (kd.mol™?) (kd.mol K™
293 10°x5.02 -13.79 -8.0418 19.6135x10° 0.9894
303 10°x4.85 13.99- 0.9946
313 10%x4.14 14.19- 0.9955
323 10°x3.98 14.39- 0.9942
333 10°x3.41 14.59- 0.9881
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FIGURE 7: Langmuir isotherms plot for the adsorption of 5BIN on carbon steel at different temperatures.
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FIGURE 8: Langmuir isotherms plot for the adsorption of 5BIN on carbon steel at 303K.
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FIGURE 9: Plot of log K s Vs (1/T) for 5BIN inhibitor.

Scanning Electron Microscopy (SEM)

The image SEM for C.S surface with 3.5% NaCl in
absence of 5BIN reveals that it consists of spherical
particles formed by aggregation, with characteristic
uniform corrosion of C.S in 3.5% NaCl solution in the
presence of (5 mg/L).of 5BIN, indicated that the
composite phase between the C.S surface and the inhibitor
was established and the inhibitor 5BIN dispersed on the
surface of the C.S base. Considering the inhomogeneous
nature of metallic surfaces resulting from the existence of
lattice defects and dislocations, a corroding metal surface
is generally characterized by multiple

adsorption sites having definite activation energies and
heat of adsorption. 5BIN inhibitor molecules may thus be
adsorbed more readily at surface active sites having
suitable adsorption enthalpies, so the SEM image reveals
the agglomeration of the inhibitor in some places [61]. The
image of SEM in Figure 10 (a, b) shows the particles of
5BIN are likely spherical in nature, uniformly distributed
and coverage on carbon steel surface. The scale bar for
this image is 100um and the energy of the acceleration
beam employed was 20kV .

b

FIGURE 10: SEM image of C.S surface with 3.5% NaCl (a) in the absence of (5mg/L).of 5BIN, (b) in the presence of
(5mg/L).of 5BIN.
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Atomic Force Microscopy (AFM)

The three-dimensional AFM morphologies and cross-
sectional profile was measured for carbon steel surface
immersed in 3.5% NaCl in the absence and in the presence
of 5BIN at the optimum concentration. Peak-to-valley
value of AFM image analysis was performed to obtain the
average roughness Sa (the average deviation of al points
roughness profile from a mean line over the evaluation
length), root-mean-square roughness, Sq (the mean
measured deviations of height that were taken in the
assessmentlength and measurement from the mean line),
and peaks of peak-peak Sy height values (greater peak-
peak height in five adjoining sampling heights). Figures 11
(ab,c) display the metal surface is corroded with a few
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(d)
FIGURE 11: AFM images (three dimentional) of the surface of C.Sin 3.5% NaCl solution in the absence and presence
5BIN inhibitor.

Ener gy Dispersive Spectroscopy (EDS)

Energy Dispersive Spectroscopy EDS alows one to
identify what those particular elements are and their
relative proportions atomic%. By scanning the beam in
raster and displaying the intensity of a selected X-ray line.
Figure 12 (a,b) shows a characteristic spectrum collected
by EDS, peak position give the energy of detected X-rays
emitted from a sample as it is being bombarded by
electrons in the microscope. By comparing the peak
energies to the labelated emission energies for al of the
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holes or pitsin the absence of the 5BIN immersed in 3.5%
sodium chloride. The (Sa), (Sg), (Sy) carbon steel surface
is 3.97nm, 4.89nm, and 34.3nm, respectively. Figures 11
(d, e, f) display the surface of the steel after immersion in
3.5% NaCl solution in presence of 5BIN. The (Sa), (Sq),
(Sy) for carbon steel surface are 0.852nm, 1.2nm, and
25.9nm, respectively. Elevation values (Sa), (Sg), (Sy)
height values are lower in the presence of 5BIN inhibitor
compared to absence of it, confirm that the surface is
smoother. Surface softness is due to the formation of a
protective film built-in of the 5BIN on the surface of the

[ryzt]atal, there is by inhibiting the corrosion of carbon steel

25.00nm
20.00nm
15.00nm
10.00nm
5.00nm

N
nn L Onm

47.80nm
42.80nm
37.80nm
32.80nm
27.80nm
22.80nm
17.80nm
12.80nm
7.80nm

2.80nm

(f)

elements, the constituent elements of the sample can be
identified. Furthermore, by comparing the area under each
peak to a set of standards with known elementa
concentrations. It has been found that the ratio of the two
elements (Fe, O) in 3.5% NaCl in the absence of 5BIN are
(68.4, 28.1) wt% more than (32.3, 22.6) wt% in presence
of 5BIN inhibitor. These results indicate the formation of a
layer of the inhibitor on CS surface for reducing the
proportion of the metal (Fe) and oxygen (O).
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Figure 12a: EDS spectrum of the surface of C.Sin 3.5%NaCl solution in the absence of the 5BIN inhibitor.
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Figure 12b: EDS spectrum of the surface of C.Sin 3.5% NaCl solution in presence of the optimum concentration of 5BIN.

Compared to the previous 5-Nitro derivatives that were
prepared and studied as theoretical and practical inertia
inhibitors, which differ in the offset aggregates, the results
obtained show that the current compounds are much better
[28,29].

CONCLUSION

The corrosion inhibition of carbon steel in 3.5%.NaCl
solution by 5BIN was studied theoretically by using PM3
and DFT quantum mechanical calculations and
experimentally by using electrochemical techniques.
According to these studies findings, it could be concluded
that:

Computational studies is a very important tool to find the
most stable inhibitor conformation and adsorption sites for
a broad range of materials. This information can help to
gain further insight into the corrosion system, such as the
most likely point of attack for corrosion on a surface, the
most stable site for inhibitor adsorption and adsorption
density of theinhibitor for the adsorbed layer.

The local reactivity has been studied through the Mulliken
charges population analysis in order to predict both the
reactive sites of nucleophilic and electrophilic attacks.

The polarization curves showed that the 5BIN acts as a
mixed-type inhibitor.

The adsorption of 5BIN on the steel surface from
3.5%.NaCl solution follows Langmuir adsorption
isotherm.

The thermodynamic parameters suggest that this inhibitor
could be strongly adsorbed on the carbon steel surface so
it is expected to be a very good corrosion inhibitor for the
carbon steel protection in 3.5%.NaCl solution.
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DFT and electrochemical studies show clearly that thereis
an adsorption layer formed on the the metallic surface by
giving p-electron density from delocalization region
through its HOMO orbital to the LUMO metal.
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