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Abstract: The inhibiting action of newly synthesised quinazolinone derivative namely 2-[(3-phenyl-4-oxo-3,4-dihydroquinazolinone-2-
yl-thio) aceto] thiosemicarbazide (POQS), towards carbon steel corrosion in 1M HCI has been investigated at various concentration and
different temperature using potentiodynamic polarisation, Scanning Electron Microscopy (SEM) and Energy Dispersion Spectroscopy
(EDS) measurements. Polarisation curves showed that the compound acts as a mixed inhibitor, and the adsorption of the evaluated
inhibitor obeys the Langmuir adsorption isotherm. SEM plots indicated that the presence of the inhibitor decreases the corrosion process
of carbon steel in 1M HCI. Theoretically quantum mechanics calculations of the approximate semiempirical method PM3 and Density
Functional Theory DFT of (B3LYP) with a 6-311++G (2d,2p) by using Gaussian-09 program were done to evaluate the structural,
electronic and reactivity parameters of (POQS) in relation to their effectiveness as a corrosion inhibitor in vacuum and two liquid media
(DMSO and H,0) The calculated physical properties and quantum chemical parameters correlated to the inhibition efficiency all are

studied and discussed at the equilibrium geometry.
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1. Introduction

Carbon steel corrosion has been a problem of enormous
practical importance due to its high cost on the national
economy. Despite its relatively limited corrosion resistance
carbon steel is used in marine applications, petroleum
production and refining, chemical processing, pipelines,
mining, metal processing equipment, fossil fuel power and
nuclear power plants. However, steels exposed to aqueous
environments are strongly susceptible to corrosion due to
their thermodynamic instability therein [1]. Mild steel is one
of the major construction materials, which is extensively
used in chemical and allied industries for the handling of
acid, alkali and salt solutions [2]. Hydrochloric acid is the
most difficult of the common acids to handle from the
standpoints of corrosion and materials of constructions. This
acid is very corrosive to most of the common metals and
alloys [3]. Corrosion of metallic surfaces can be reduced or
controlled by the addition of chemical compounds to the
corrodent. This form of corrosion control is called inhibition
and the compounds added are known as corrosion inhibitors.
The inhibitors themselves form a protective film on the
surface of the metal. It has been postulated that the inhibitors
are adsorbed into the metal surface either by physical
adsorption or chemisorptions [4]. Physical adsorption is the
result of electrostatic attractive forces between the organic
ions and the electrically charged metal surface.
Chemisorption is the transfer, or sharing of the inhibitor
molecule's charge to the metal surface, forming a coordinate-
type bond. The adsorbed inhibitor reduces the corrosion rate
of the metal surface either by retarding the anodic dissolution
reaction of the metal, or by the cathodic evolution of
hydrogen, or both [4]. Inhibitors can be used at pH values of
acid from near neutral to alkaline.

Organic compounds containing electronegative functional
groups and x -electrons in triple or conjugated double bonds
are usually good corrosion inhibitors. Heteroatoms such as

sulphur, phosphorus, nitrogen and oxygen as well as
aromatic rings in their structure are the major adsorption
centres. The efficiency of inhibitors depends on the
characteristics of the environment in which it acts, the nature
of the metal surface and electrochemical potential at the
interface. The structure of the inhibitor itself, which includes
the number of adsorption active centers in the molecule, their
charge density, the molecule size, the mode of adsorption,
the formation of metallic complexes and the projected area
of the inhibitor on the metallic surface also has an effect on
the efficiency of inhibitors [5]-[8].

One of the most important techniques that have been used to
evaluate organic corrosion inhibitors is molecular modelling.
Through correctly quantum mechanical calculations, it is
possible to obtain structural parameters, such as the energies
of the frontier molecular orbitals, the HOMO (highest
occupied molecular orbital) and LUMO (lowest unoccupied
molecular orbital), and the dipole moment....etc. These
parameters influence the potential inhibition and are
generally strongly correlated with the experimentally
obtained protection efficiency [9]. Furthermore, DFT is
considered a very useful techniqgue to probe the
inhibitor/surface interaction as well as to analyse the
experimental data Thus, this technique is an important tool
for pre-selecting possible corrosion inhibitors and studying
the correlation between molecular structure and corrosion
protection efficiency [10].

Quinazolinones are important heterocyclic with a wider
range of microbial activities such as anti-malarial, anti-
cancer,  anti-inflammatory,  anti-hypertensive,  anti-
convulsant, anti-HIV, etc [11]. Quinazolinone has two
structural isomers, the 2-quinazolinone (A) and 4-
quinazolinone (B). B isomer is the more common one [12]
Figure 1.
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Figure 1: The structural isomers of quinazolinone

2. Experimental part
2.1 Specimens Preparation

Rod of carbon steel (C45) with a chemical composition of
metallic materials (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)% iron (Fe), cut into
many specimens of carbon steel with 1cm diameter and 3
mm thickness, each specimen was polished with emery (80,
150, 220, 320, 400, 1000, 1200 and 2000) grades, washed
thoroughly with deionized water, degreased with acetone,
washed again with deionized water, and finally dried at room
temperature.

2.2 Inhibitor synthesis

(a) Synthesis of 2-mercpto-3-phenyl-4(3H) quinazolinone
[13].

A mixture of 8.228g (0.06mol) anthranilic acid, 7.22ml
(0.06mol) of phenylisothiocyanate and 6ml of triethylamine
in 100ml absolute ethanol was refluxed for 3hours. The
reaction mixture was cooled to room temperature, poured
into ice-cold water, stirred and filtered. The precipitate was
recrystallized from ethanol to give crystals.

(b) Synthesis of S-(a-Chloroaceto-2-yl)-3-phenyl-4(3H)
quinazolinone [14].

To a mixture of 3g (0.01lmol) compound (a) in 16ml of
dimethyl-formamide (DMF), 0.662g (0.01mol) of anhydrous
potassium hydroxide dissolve in (9ml) of methanol and (1ml,
0.01mol) chloroacetylchloride added slowly. The mixture
was refluxed for 4hours. left stirring overnight, then poured
into an ice water for precipitation, filtered and recrystallized
from ethanol to give white crystals.

(c) Synthesis of the inhibitor 2-[(3-phenyl-4-0xo0-3,4-
dihydroquinazolinone-2-yl-thio)Aceto] thiosemicarbazide
(POQS) [15].

A mixture of 2g (0.006mol) of compound (b), 0.548g
(0.006mol) thiosemicarbazide and 0.49g (0.006mol) of
sodium acetate in 20ml absolute ethanol were placed in 100

ml round bottomed flask, refluxed for 10hours. The reaction
mixture was filtered and poured into an ice water. The
precipitate was filtered, dried and recrystallized from
ethanol-water to give crystals.

2.3 Solutions preparation

a. Blank solution

For preparing ~1M of HCI, 87.290ml of concentrated HCI
(35.4%, 1.18g/ml) diluted with deionized water in a
volumetric flask of 1L containing 4ml DMSO which is used
as an initial solvent in the preparation of the inhibitor
solutions.

b. Inhibitor solutions

The solutions concentration of [1.298x10°M (5ppm),
2.597x10°M (10ppm), 5.194x10°M (20ppm), and 7.792x10°
®M (30ppm)] were prepared by dissolving 0.005g, 0.01g,
0.02g, and 0.03g of POQS respectively each in 4ml DMSO,
transferred to a volumetric flask of 1L containing 87.290ml
of HCI (35.4%, 1.18g/ml), completed the volume with de-
ionized water.

2.4 Electrochemical measurements

The potentiostat set up include host computer, thermostat,
magnetic stirrer, and Mat lab (Germany, 2000) potentiostat,
galvanostat. The corrosion cell is (1L) capacity, made of
Pyrex, it is a three compartments for working, a carbon steel
working electrode with a 0.785cm? surface area using to
determine the potential of working electrode according to the
reference electrode silver-silver chloride (Ag/AgCl, 3.0M
KCI), a platinum auxiliary electrode with length (10cm). The
working electrode was immersed in the test solution for 15
minutes to a establish steady state open circuit potential
(Eocp), then electrochemical measurements were performed in
a potential range of (+200)mV and a scan rate of 5.0mV.s™.
All electrochemical tests have been performed in aerated
solutions at 293 - 323K.

3. Results and Discussion
3.1 Synthesis of the compounds

(a) 2-mercpto-3-phenyl-4(3H)quinazolinone

Compound (a) was prepared via intermolecular cyclisation
reaction of equimolar amounts of anthranilic acid and
phenylisothiocyanate in present of triethylamine as a catalyst
in ethanol. The mechanism [16] is shown in Scheme 1.
Compound (a) was afforded with a yield of 89% and the
melting point of 297 to 299°C.
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Scheme 1: The proposed mechanism for the preparation reaction of the compound (a)

(b) Preparation of S-(a-Chloroaceto-2-yl)-3-phenyl-4(3H)
quinazolinone

Compound (b) was prepared by the nucleophilic substitution
reaction of the compound (a) with chloroacetylchloride. This
reaction is carried out in alcoholic potassium hydroxide
solution to increase the nucleophilicity of sulfur atom in
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attacking molecule by forming potassium salt as an
intermediate. Compound (b) was afforded as a white solid
with a yield of 96% and m.p of 158-160°C. Also, silver
nitrate alcoholic test confirmed the presence of chlorine
group [17]. The mechanism [18] of the reaction is shown in
Scheme 2.

0 0
G
LG CHz-Cl Ll
+ KCI
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K+ N~ s—C-CH,-Cl
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Scheme 2: The proposed reaction mechanism of preparation compound (b)

(c) Preparation of 2-[(3-phenyl-4-oxo0-3,4-
dihydroquinazolinone-2-yl-thio)aceto]thiosemicarbazide
(POQS).

Compound (b) was converted to POQS Figure 2a, by
reaction with thiosemicarbazide in absolute ethanol. POQS
was afforded as a white solid with a yield of 83% and m.p of
239 to 240°C.

FTIR and HNMR spectrum for the newly prepared
compound POQS

FTIR spectrum for the newly prepared quinazolinone
derivative POQS shown absorption bands at 3447cm™,
3364cm™  corresponding to the asymmetrical and
symmetrical stretching vibration of NH,, A sharp peak at
3245cm™ referred to the characteristic stretching vibration of
NH, 1735cm™ to thioester C=O stretching, 1683cm™ to
amide C=0 stretching, 1622 cm™ to C=N stretching,1550,

1533, 1488 to C=C stretching and 1226 cm™ referred to C=S
stretching vibration. HNMR spectrum showed, 2.82 (d, 2H,
CH,); 3.40 (s, 2H, NH,); 7.33-8.26 (m, 9H, Ar-H); 9.54 (d,
1H, NH).

3.2 Molecular modelling

PM3 semiempirical method and DFT utilizing Becke three-
parameter and the connection useful of Lee, Yang and Parr
(B3LYP) together with the standard double-zeta plus
polarization 6-311++G (2d, 2p) [19]-[21], were carried out
for figuring the optimize geometry of the investigate
molecule in vacuum and two liquid media (DMSO and H,0),
implemented in the Gaussian 09 program package [22]. The
final geometry of POQS is given in Figure 2b.

(k)

Figure 2: a- Chemical structure of POQS, b- Equilibrium geometry of the POQS molecule calculated by DFT
(B3LYP/6311++G (2d,2p)) method
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3.2.1 Geometrical optimisation structure

The optimise structural parameters such as bond angles,
bond distances and dihedral angles of the studied inhibitor
are shown in Table 1, according to labels shown in Figure 2a
The optimised geometrical structures observed to be the
same in the three media (vacuum, DMSO, and H,0). The

longest bond length was observed for the S12-C13 bond
(1.824A° due to the large bulky size of atom S comparing to
others. The compound under investigation is not planar,
Figure 2b. This result is confirmed by the values of the bond
angles, cis and trans dihedral angles, Table 1.

Table 1: Calculated geometrical structure for POQS molecule by using DFT method.
. Bond - Bond N Dihedral
Description Description Description
bond length Jergiin bond angle il dihedral angle higlle
A (deg) (deg)
N1-C2 1.278 | N3C4011 120.599 | N1C2N3C4 0.017
N1-C10 1.384 | N3C23C24 119.577 | N1C2N3C23 179.711
C2-N3 1.389 | C4N3C23 116.835 | N1C2S12C13 77.615
C2-S12 1.799 | C4C9C5 120.233 | N1C10C9C4 0.867
N3-C4 1.421 | C5C6C7 120.067 | C2N1C10C8 178.410
N3-C23 1.446 | C5C9C10 120.254 | C2S12C13C15 179.742
C4-C9 1.464 | C6C5C9 119.859 | N3C4C9C10 0.878
C4=011 1.214 | C6C7C8 120.701 | C2S512C13C15 179.742
C5-C6 1.380 | C7C8C10 119.815 | C4AN3C2S12 -178.423
C5-C9 1.399 | C8C7H 119.567 | CAN3C23C28 90.885
C6-C7 1.402 | C9C4011 125.284 | C4C9C5C6 179.755
Cé-H 1.081 | C9C5H 118.577 | C5C6C7C8 0.058
C7-C8 1.381 | C10C8H 118.454 | C9C4N3C23 178.941
C8-C10 1.404 | S12C13014 125.338 | S12C2N3C23 1.271
C9-C10 1.406 | S12C13C15 110.941 | S12C13C15H16 26.374
S12-C13 1.824 | C13C15N18 108.661 | S12C13C15H17 -91.968
C13=014 1.194 | C13C15H16 110.829 | S12C13C15N18 146.515
C13-C15 1.516 | C13C15H17 106.885 | C13C15N18N19 176.855
C15-N18 1.471 | O14C13C15 123.646 | C13C15N18H 55.879
N18-N19 1.401 | C15N18N19 113.698 | 014C13C15H16 -156.607
N18-H 1.014 | C15N18H 109.706 | O14C13C15H17 85.049
N19-C20 1.365 | H16C15H17 108.741 | O14C13C15N18 -36.465
N19-H 1.007 | H16C15N18 109.321 | C15N18N19C20 -72.593
C20=S21 1.670 | H17C15N18 112.393 | C15N18N19H 91.685
C20-N22 1.366 | N18N19C20 125.489 | H16C15N18H 176.952
N22-H 1.008 | N18N19H 113.329 | H17C15N18N19 58.773
N22-H 1.005 | N19N18H 107.947 | N18N19C20S21 -6.971
C23-C24 1.389 | N19C20S21 123.987 | N18N19C20N22 173.451
C23-C28 1.388 | N19C20N22 113.722 | N19C20N22H 167.706
C24-C25 1.389 | C20N19H 119.325 | C20N19N18H 49.363
C25-C26 1.391 | C20N22H 115.011 | S21C20N19H -170.390
C26-C27 1.390 | S21C20N22 122.289 | S21C20N22H -156.249
C27-C28 1.390 | HN22H 115.668 | S21C20N22H -11.878
C28-H 1.081 | C23C24C25 119.465 | N22C20N19H 10.032

Figure 3 shows the geometries optimisation of compound
studied in the vacuum including HOMO and LUMO density
distributions. HOMO mainly located on thiosemicarbazide
moiety, this would indicate that the preferred actives sites for
an electrophilic attack are located within the region around
the nitrogen atoms belonging. Moreover, the electronic
density of LUMO is distributed at the aromatic rings of
quinazolinone moiety.

HOMO LUMO

Figure 3: The Frontier molecule orbital density distributions
of POQS inhibitor compound as calculated using DFT

method. Red colour indicates the negatively charged lobe,
blue colour indicates the positive charge lobe.

3.2.2 Global molecular reactivity

1. Molecular Orbital Energies

The HOMO energy (Enomo) is often associated with the
electron donating ability of the molecule; therefore,
inhibitors with high values of Eyomo have a tendency to
donate electrons to appropriate acceptor with low empty
molecular orbital energy. Conversely, the LUMO energy
(ELumo) 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 (AEnomo-.Lumo) IS another important factor in
describing the molecular activity, so when the gap energy
decreased, the inhibitor efficiency is improved [23]. For
POQS the Eomo in vacuum is (-6.217eV), decreased in both
DMSO and H,O solvents, the (E_umo) in the vacuum is (-
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1.822eV), decreased in (DMSO and H,O solvents and the
value of AEsomo-Lumo 1S (4.395eV) in vacuum, be a higher in
DMSO (4.471eV) and H,O (4.473eV), indicating that the
stability of the inhibitor in the solvents is more than that in
the vacuum, Table 3.

2. Dipole moment

The dipole moment (n in Debye) is a 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 [24].
Dipole moment for POQS inhibitor in vacuum and DMSO,
H,O solvents are (5.529, 7.867, 7.914 Debye) respectively,
Table 3.

3. lonisation potential energy IE
According to DFT-Koopman’s theorem [25], the ionisation
potential, IE can be approximated as the negative of the
highest occupied molecular orbital (HOMO) energy.

IE = -Enomo 1)
Low values of IE increase the effectiveness of the inhibitor
and inverse Versa. Good inhibitors with low energy of
ionisation. The IE of POQS inhibitor in the vacuum is
(6.217eV), increased in the DMSO (6.458eV) and H,O
(6.463eV) solvents, Table 4.

4. Electron affinity EA
EA is the amount of energy released when adding an
electron to an atom or molecule. The EA is associated with
(ELumo) by the relation in equation 2.

EA =-ELumo (2)
A high value of EA means less stable inhibitor. Particles
with high electron affinity are good corrosion inhibitor. The
electron affinity of POQS in the vacuum is (1.822eV), be a
higher on using DMSO (1.987eV) and H,O (1.990eV)
solvents, Table 4.

5. Chemical Hardness (1)
It is a measure of the ability of atom or molecule to transfer
the charge. Increasing (1) decreases the stability of molecule

[26]. It is calculated by using equation 3 [27]:
IE—-EA

n=— ®)
Compound possess a high value of (1) is considered to be a
good inhibitor. () value for POQS in the vacuum is
(2.197eV), be a lower in DMSO (2.235eV) and H,0O
(2.236eV) solvents, Table 4.

6. Chemical Softness (S)
A measure of the flexibility of an atom to receive electrons
(S), was calculated by using equation 4:

S= 1 4)

n
Molecules have a high value of S are considered to be a good
inhibitor. The values of S in the vacuum is (0.455eV), the
decrease in both DMSO and H,O solvents to (0.447eV),
Table 4.

7. The electronegativity (x)
The ability of an atom or a group to pull electrons x can be
calculated by using equation 5 [28]:

x (electronegativity) = IEJ;EA (5)
High electronegativity indicates a good inhibitor. The
calculated (x) for POQS in the vacuum was found to be

(4.019V), increased in DMSO (4.222eV) and H,0O
(4.226eV) solvents, Table 4.

8. Global electrophilicity index (w)
w is the measure of the stability of an atom after gaining an
electron, Low value of (®) meaning the molecule has a good
inhibition. It is calculated by using equation 6.
2

0=1 (6)
The values of (w) are shown in Table 4. In the vacuum is
(3.676V), increased in DMSO (3.987eV) and in (H,0)
(3.993eV) solutions.

9. AN (Difference in number of electrons transferred)

The fraction of electrons transferred (AN) from an inhibitor
to carbon steel surface was also calculated using a theoretical
ke and Mg values for mild steel of 7.0eV mol™ and 0.0eV
mol™, respectively [29]. The AN values are correlated to the
inhibition efficiency resulting from electron donation.
According to Lukovits et al. study [30], 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 2 according to PM3 and Table 4
according to DFT; show that the POQS have the highest
value of AN in the vacuum and solvent phase by the
tendency of POQS molecule to receive the electrons from the
metallic surface by S atoms in unoccupied orbital (3d). This
ability increases the inhibition efficiency.

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 number of
transferred electrons (AN) was calculated by using Equation
7 [31].

_ XFe — Xinhib .
AN = [2(MFe + Ninhib ] )

Table 2: PM3 calculations of physical properties and quantum chemical parameters of POQS inhibitor at the equilibrium

geometry.
AHY Evomo | Erumo | 4EnL n X S w
kcal/mol eV eV eV uDebye| IEeV | EAeV eV eV eV (eV) AN
72.632 -9.023 | -1.130 | 7.893 | 5.071 | 9.023 | 1.130 | 3.946 | 5.076 | 0.253 | 3.264 | 0.243
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Table 3: DFT calculations for some physical properties of
the POQS molecule at the equilibrium geometry in the three
media (vacuum, DMSO, and H,0)

Inhibitor || Eouo| Evumo 4Erowo-| | Ew
medium MM @v) | V) L(g\“j;) (Debye)| (V)
Vacuum | C1 |-6.217|-1.822| 4.395 | 5.529 |-51097.804
DMSO | C1|-6.458|-1.987| 4.471 | 7.867 |51098.516
H,O | C1|-6.463]-1.990| 4473 | 7.914 |51098.527

Table 4: Quantum chemical parameters for the POQS
molecule in the three media (vacuum, DMSO, and H,0) as
calculated using DFT method
Inhibitor | IE | EA w
medium | V) | (ev) | T EV[S EVIZ (V) oy | AN
Vacuum [6.217(1.822| 2.197 |0.455|4.019|3.676|0.678
DMSO |6.458|1.987| 2.235 |0.447|4.222|3.987|0.621
H,O 6.463]|1.990| 2.236 |0.447|4.226|3.993|0.620

3.2.3 Local reactivity for the 2-[(3-phenyl-4-0x0-3,4-
dihydroquinazolinone-2-yl-thio)aceto] thiosemicarbazide
(POQS)

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 the classical chemical
theory, all chemical interactions are either by electrostatic or
orbital interactions. The local reactivity of the studied
inhibitor is investigated using the DFT Mulliken charges
population analysis which means the receptive centres of
particles (nucleophilic and electrophilic centres). Along these
lines, the particle areas where the electronic charge is high
are chemically milder than the locales where the electronic
charge is little, so the electron density assumes an imperative
part in ascertaining the compound reactivity. Chemical
adsorption communications are taking place either by
electrostatic or orbital collaborations. For effortlessness, just
the charges on the nitrogen (N), oxygen (O), sulfur (S), 77
electrons of the quinazolinone ring which are donating
electrons to carbon steel surface and some carbon particles
are exhibited. Consequently, the favored destinations for
nucleophilic reactive sites are N1, C6, S12, 014, N18, S21
with the order of S21 > S12 > C6 > 014 > N18 > NL1. For the
most favored electrophilic reactive sites, that can accept
electrons are C2 and C9 with the order of (C2 > C9) (which
possess the highest positive charge on joining directly to the
withdrawing aromatic ring) and (C4, C13, C20) atoms with
the order of C13 > C20 > C4, which directly bonded to the
oxygen and sulfur heteroatoms, Table 5. Consider the solvent
effect, The values of the electronic charges for the
nucleophilic and electrophilic reactive sites increase ongoing
from vacuum to DMSO and H,O solutions, making among
adsorption by donating electron through sulfur atoms (S12,
S21), the S atoms can donate and get the electron from the
metal, because of possessing a lone pair of electrons and
unfilled d orbital.

The negative charge centres could offer electrons to the Fe
atoms to form a coordinate bond. The positive charge centres
can accept electrons from 3d orbital of the Fe atom to form
feedback bond, thus further strengthening the interaction of
inhibitor and Fe surface

Table 5: DFT Mulliken charges population analysis for the
calculated inhibitor molecule POQS in three media (vacuum,
DMSO and H,0).

Electronic Electronic Electronic
Atom charge | Atom charge | Atom charge
(ecu) (ecu) (ecu)
-0.169V 0.011Vv -0.183V
N1 -0.258D Cs8 -0.005D | C15 | -0.193D
-0.259W -0.006W -0.194W
0.382V 0.247V 0.116V
C2 0.468D C9 0.267D H16 0.147D
0.470W 0.268W 0.147TW
-0.006V 0.119v -0.210V
N3 0.048D C10 0.147D N18 | -0.235D
0.049W 0.148W -0.235W
0.107v -0.439V -0.161V
C4 0.208D O11 | -0.522D | N19 | -0.150D
0.211W -0.524W -0.150W
-0.054V -0.420V 0.175V
C5 -0.061D S12 -0.471D | C20 0.218D
-0.061W -0.472W 0.219W
-0.390V 0.199VvV -0.432V
C6 -0.442D | C13 0.247D S21 -0.560D
-0.442W 0.248W -0.562W
-0.104V -0.278V -0.152v
C7 -0.130D | O14 | -0.325D | N22 | -0.182D
-0.131W -0.326W -0.182W

V: vacuum, D: dimethyl sulfoxide (DMSO), W: water, blue colour:
increase in electronic charge to more positive, red colour: increase
in electronic charge to more negative.

3.3 Corrosion measurement

3.3.1 Potentiostatic polarisation measurements

The electrochemical kinetics of metallic corrosion process
can be characterised by determining at least three
polarisation parameters, such as corrosion current density
(lcorr.), corrosion potential (Ecor,) and Tafel slopes (ba and/or
bc). The corrosion behaviour can be determined by a
polarisation curve (E versus log 1). The evaluation of the
polarisation parameters leads to the determination of the
corrosion rate (C.R) [32]. Using Tafel extrapolation method,
it is possible to obtain the I, at the E. by the
extrapolation of anodic and/or cathodic Tafel lines [33].
However, a prerequisite for this method to be used is that the
graph of E versus log | must have at least one straight well-
defined line [34]. Moreover, for an accurate estimation of
leorr. By Tafel method, the linear regions should extend over
about one decade on the log I, axis [35]. The error in the
numerical values of Tafel slopes can reduce the accuracy of
the values calculated for I, [36]. Potentiodynamic
polarisation curves for carbon steel in 1M HCI at 293K in the
absence and in the presence of different concentration of
POQS are shown in Figure 4. The effect of increasing
concentration and temperature on Ecqrr, lcorr,, and Tafel slopes
(bc and ba) are shown in Table 6, as well as protection
efficiency %PE, surface coverage © and corrosion rate C.R
which were calculated by using the following equations:

WPE=1— — x 100 (8)
Io

I, and I: the corrosion current densities in the absence and

presence inhibitor, respectively.
_ %PE

6 = 9)
1]\20
CR= nfp X leorr. (10)
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Where M is the atomic weight of the Fe metal
(55.845g/mol), p is the density of the iron metal

(7.874g/cm?), n is the charge number which indicates the

and F is the Faraday constant (96.485 C/mol). Sometimes
(M/n) ratio referred to be as an equivalent weight.

number of electrons exchanged in the dissolution reaction

nk
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Figure 4: Polarisation plots of carbon steel in 1M HCI for blank and inhibitor at a temperature of 293K (a) at various
concentrations of POQS. (b) at the optimum concentration of POQS

Table 6: Electrochemical data of the carbon steel corrosion with 1M HCI at various concentrations of POQS and different

temperature
T Ecorr. I(:orr. bc ba CR

M1 ) | V) | udcem) | (mV.dec) | mvidec?y| 5 | @ | mmy?
293 | -460.1 | 131.24 -120.3 1021 | e | e, 1.521

Blank | 303 | -457.6 | 182.19 -106.8 773 | e | e, 2.111
1M 313 | -468.5 | 288.89 -132.7 942 | e | . 3.348
HCI 323 | -441.1 | 528.72 -42.6 466 | .| ... 6.128
203 | -488.3 | 29.95 -111.3 72.5 77.17 | 0.771 | 0.347

POQS 303 | -489.3 | 4364 -108.6 73.6 76.04 | 0.760 | 0.505
5ppm 313 | -499.1 | 70.40 -101.5 83.3 75.63 | 0.756 | 0.815
323 | -505.4 | 135.85 -85.4 74.0 7430 | 0.743 | 1574

203 | -567.3 0.55 -215.4 234.9 99.58 | 0.995 | 0.006

POOS 303 | -533.3 0.83 -213.5 230.1 99.54 | 0.995 | 0.009
10ppm 313 | -527.9 1.22 -236.9 244.7 99.57 | 0.995 | 0.014
323 | -517.8 2.73 -220.2 232.8 99.48 | 0.994 | 0.031

293 | -568.7 | 30.19 -213.2 310.7 76.99 | 0.769 | 0.349

POQS 303 | -520.3 | 46.67 -71.7 76.3 7438 | 0.743 | 0.540
20ppm 313 | -5219 | 7251 -76.9 88.2 74.90 | 0.749 | 0.840
323 | -517.6 | 64.43 -90.7 76.6 87.81 | 0.878 | 0.746

293 | -397.6 | 32.87 -82.3 58.0 74.95 | 0.749 | 0.380

POQS 303 | -488.7 | 4752 -53.8 55.2 73.91 | 0.739 | 0.550
30ppm 313 | -4949 | 7555 -85.8 96.1 73.84 | 0.738 | 0.875
323 | -508.3 | 156.98 -79.5 79.6 70.30 | 0.703 | 1.819

3.3.2 Adsorption isotherm behaviour

Adsorption isotherms describe the behaviour of the inhibitor
molecules and provide information about their interaction
with the metal surface [37]. These isotherms require the
degree of surface coverage (©) for different inhibitor
concentrations, which is calculated according to Equation 9.
The adsorption behaviour of POQS was found to obey
Langmuir isotherms. The Langmuir adsorption isotherm,
given by Equation 11 [38], showed the best fit for each data

set.
Cinh . 1
Zinh . K + Cinh. (] ])

Where, Ciy,. is the inhibitor concentration (moI.L'l), Kags, 1S

the adsorption/desorption equilibrium constant (L.mol™). The
plot of C;,,/© vs Ciyn, gave a straight line and the intercept

represents (1/K,qgs) With a slight deviation of the slope from
unity as shown in the correlation coefficient values, Figure 5.
Kas. IS related to the standard Gibbs free energy of
adsorption (AG,gs), Equation 12 [39].

AGygs, = -2.303RT [log 55.5K 45 ] (12)
Where R is the universal gas constant 8.314 J.mol.2.K™, T is

the temperature (K), and 55.5 is the molar concentration of
water (mol. L™).

The free energy of adsorption (AGggs) Was calculated from
Equation 13.

AGags, = AHggs — TASqgs (13)
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Where AH,qs, AS.qs are the change in enthalpy and entropy
of adsorption respectively, calculated from plotting Log Kgs.
vs (1/ T), Equation 14.

Equations 12 and 13 are combined to obtain Equation 14.

LOg Kads. =

2.303RT

—AHags |

AS
ads . +
2.303R

0 v= 1389x- 153 0
<
= 41 -
EEE g ¥
z . B 30
Sz s20:m | B 20
o 4
o 5 10
i r
0 10 2 3 2 0
C{mgL) o
0 50
4 v= 1415~ 1593 i i
- 4o y=1447x-2.954
s B a0
£ .
z ¥ eE | 520 o
T 10
a . o - T 1
0 10 m En] 40 0 20 an
€ (mg/ L) € [mgfL]

1

Figure 5: Langmuir isotherms plot for the adsorption of POQS on carbon steel at the temperature range (293,303,313 and
323K)

535 1
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Figure 6: Plot of log Kqgs, versus 1/T for POQS inhibitor

The high values of K, indicate a strong interaction of
POQS with the C-steel surface in 1M HCI [40], the optimum
inhibition temperature is 293K, Table 7. The heterogeneous
surface properties (i.e. flaws, impurities, cracks and
vacancies) of the steel are responsible for the differential
AG,qs. values obtained for POQS as the surface coverage
value changes [41]-[43]. The negative values of AGgs
ensure the spontaneity of the adsorption process and stability
of the adsorbed layer on the carbon steel surface [44].
Furthermore, it is found that AGg is slight decreases with
temperature. Generally, AG,qs values (0 to -20 kJ/mol.) are
associated with electrostatic interactions between the charged
molecules and the charged metal surface (physisorption),
whereas those below -40 kJ/mol. involve the sharing or
transfer of charge from the organic molecules to the metal
surface to form a coordinate covalent bond (chemisorption)
[45], [46]. In the present study, the value of AGy is Of -
39.70 to -42.74 kJ.mol™. Figure 5 show the plotting of Ci,/
O versus Cin,, a straight line were obtained, proposing that
the adsorption of the POQS inhibitor takes the Langmuir
adsorption isotherm.

Table 7: Langmuir adsorption parameters of POQS with 1M
HCI at different temperature and various concentration.

AS.q

Kags. AGyg, AH acs. 2

T Lmol?) | (ka.mol?) | (kJ.mol) ('53}2'_‘1‘;' R
293 | 1.989 x 10° | -39.69 0.991
303 | 1.943x10° | -40.71 0.991
313 | 1.931x10° | 4173 | 284 | 0101 r55e5
323 | 1.303x 10° | -42.75 0.970

The thermodynamic parameters got from the Langmuir
isotherms slope represents AH,qs and the intercept represents
AS,gs. Figure 6. Through AH.. Table 7, the less value of
AHggs. meaning more stable adsorbent inhibitor. The negative
value of AH,q indicates that the adsorption of inhibitor is an
exothermic process [47]. Generally, an exothermic process
signifies either physisorption or chemisorption while an
endothermic process is attributable unequivocally to
chemisorption [48]. (AS.) refer to random interaction,
whenever it is less random the inhibitor is the best

3.3.3 Explanation for adsorption of POQS

Corrosion inhibition of carbon steel in 1M HCI solution by
POQS inhibitor can be explained on the basis of molecular
adsorption. It is a mixed complex type (comprehensive
adsorption). This assumption is supported by data obtained
for

the temperature dependence of the inhibition process, which

decreases with increasing temperature (physisorption) [49]
and value of AGggs, Which suggested chemisorption Thus, we
suppose the adsorption of POQS on carbon steel in 1M HCI
is a complex in nature and predominantly physisorption.
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3.3.4 Corrosion kinetic and thermodynamic activation
parameters

Activation parameters were calculated for blank and
optimum concentration (10ppm) of POQS. To decide the
activation vitality of the corrosion procedure, activation
parameters are taken at different temperatures (293, 303,
313, 323K) in the absence and presence of the 10ppm
concentration of POQS. For calculating the activation
parameters, Table 8, Arrhenius and Arrhenius transition state
equations (15,16) were used respectively [50], [51].

Ea

Log C.R = Log A — ———— (15)
CR R AS* AH*
Log =~ = Log 3+ 303x ~ Z3msrr (16)

C.R is the corrosion rate (mm.y™), R is the universal gas
constant (8.314 J.mol™.K™), T is temperature (K), A is the
Arrhenius pre-exponential factor (cm?s?), Ea is the
activation energy (minimum amount of energy required to
initiate a chemical adsorption) (kJ. mol™), h is the Plank’s
constant (6.626 x 103* J.s1), N is the Avogadro’s number
(6.022 x 10 mol™), AS* is the change in entropy of
activation (kJ. mol™. K'*) and AH* is the change in enthalpy
of activation (kJ. mol™).

The activation energy Ea and Arrhenius factor A, at the
absence and presence of the optimum concentration (10
mg/L) of POQS, was determined by linear regression
between log C.R and 1/T, Figure 7. The results showed that
the value of Ea for inhibited solution is higher than that for
the uninhibited solution, suggesting that dissolution of
carbon steel (C.S) is slow in the presence of inhibitor Table
8.

! v=-1889x+54629
o ‘\'\‘w\_‘
'?._‘ o : : ; : #blank
g5 g5 A w1 ppm
S
= I -
'*-;:: 15 y=-2124x+35227
2 o

15
3 31 32 33 34 35
(1/T) = 102 (K1)

Figure 7: Plot of log C.R versus 1/T for the corrosion of C.S
in 1M HCI at the optimum concentration (10 mg/L) of POQS
inhibitor within the blank.

The enthalpy of activation AH* is obtained from the slope (-
AH'/ 2.303R) obtained from plotting (log CR/T) vs. (1/T)
with AS™ which obtained from an intercept of [(log (R/ Nh) +
(AS’/2.303R)] Figure 8. The positive sign of enthalpies AH"
reflects the endothermic nature of dissolution process. AH"
of the corrosion reaction on the C.S increasing in the
presence of 10ppm of POQS.

=~ =
o ._,_,_l,—-—-—‘-"_'_'_.
N = T
:} y=-2061x +2305 Nl0ppm
§ 1 #blamk
= 2 .,_._4—-—-—4'—'—'"
5 v=-17655+3 708
g 1
®
= 10 T T T T 1

3 31 32 33 34 35

1T x 104 (K4)

Figure 8: Arrhenius plots calculated from corrosion rate of
C.S in 1M HCI in the absence and presence of the optimum
concentration (10 mg/L) of POQS.

The entropy of activation AS* in the presence and absence of
inhibitor has negative value, was affected when POQS was
added at a temperature range (293-323)K Table 8, imply that
the activated complex in the rate-determining step represents
an association rather than dissociation step, it mean a
decrease in disordering takes place on going from absence to
the presence of inhibitor [52]. Activation free energy
explains that the corrosion reaction of carbon steel is non-
spontaneous and increase with increasing temperature,
suppose that corrosion reaction increase with increasing
temperature.

Table 8: Activation parameters for the C.S dissolution in 1M HCI in the absence and presence the optimum concentration of

the inhibitor
Solution T AH AG AS Ea A
(K) (kJ.mol™) (kJ.mol™) (kJ.mol™™.K?) (kd.mol™) | (Molecule.cm™. s
293 70.889
Blank 303 72.155 ) 30
M Hel 33 33.795 311 0.127 36.360 2.562 x 10
323 74.687
293 84.416
POQS 303 85.950 2
10 ppm 33 39.462 87 485 -0.153 42.009 1.015 x 10
323 89.019
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3.4 Scanning electron microscopy (SEM) for carbon steel
surface with 1M HCI in the absence and in the presence
of POQS

SEM image of carbon steel surface in the absence of
inhibitor reveals that it consists of spherical particles formed,
with characteristic uniform corrosion of carbon steel in 1M
HCI solution and a presence of deformities, Figure 9a. In the
present of POQS, the morphology of carbon steel surfaces is
quite different from it in the absence of POQS, the specimen
surfaces had been smoother. It is possible that the inhibitor
particles grow inside the C.S pore channels forming a film
distributed in a homogenous way on the whole surface. This
may be interpreted as due to the adsorption of the POQS on
the C.S surface incorporating into the passive film in order to
block the active site present on the inhibited surface, or due
to the involvement of inhibitor molecules in the interaction
with the reaction sites of C.S surface, resulting in a decrease
in the contact between carbon steel and the aggressive
medium and sequentially exhibited excellent inhibition effect
[53], [54] Figure 9b. The scale bar for these images is 500
um and the energy of the acceleration beam was 20kV.

2 b
Figure 9: SEM image for C.S surface with 1M HCI solution
in the absence of POQS and, b- in the presence
of (10ppm) POQS.

3.5 Energy Dispersion Spectroscopy (EDS) Studies

The EDS spectrum was used to determine the elements
present on the surface of carbon steel uninhibited and
inhibited with 10ppm POQS in the 1M HCI solution Figure
10. The analysis data showed that the Fe atoms decrease in
the presence of POQS due to inhibitor's film covered the
specimen surface. O atoms were also decreased in the
presence of inhibitor in 1M HCI solution which represent the
passive film of Fe,0O3; and that indicate decrease corrosion of
carbon steel. EDS spectrum displays the characteristic peaks
(C, Mn and CI) ascribed to general corrosion in 1M HCI
solution. A comparable elemental distribution is shown in
Table 9.

Table 9: Surface composition (weight %) of carbon steel
alloy after immersion in 1M HCI without and with 10ppm of
the quinazolinone derivative

Medium Fe (0] C Cl Mn
Blank 66.4| 309| - | 16 1.1
POQS (10 ppm)| 64.2 | 249 | 97| - | 13

cpalel’

eV
i

| B L L SN S B i G e S S S B S e B S e G B e e e a1
2 N ' ' ‘ ' Il keV

Figure 10: EDS analysis on C.S with 1M HCI, a- in the
absence of inhibitor and b- in the presence of inhibitor
(10ppm) POQS

4. Conclusion

Quinazolinone derivative was found to be an effective
inhibitor for carbon steel corrosion in 1M HCI solution.
Protection efficiency decreases with an increased
temperature; the optimum concentration of POQS for
inhibition is 10ppm.

The potentiodynamic polarisation measurements showed
that the inhibitor can be classified as a mixed inhibitor in
1AM HCI.

The adsorption of the compound POQS on Mild steel
surface follows the Langmuir adsorption isotherm model.
The high K4 values indicate a strong interaction between
the inhibitors and the mild steel surface. The adsorption of
POQS on the carbon steel surface involves both
physisorption and  chemisorption  (comprehensive
adsorption) but physisorption is the predominant mode of
adsorption. This assumption is supported by data obtained
from temperature dependence of inhibition process, which
shows that the protection efficiency of the POQS studied
decreases with increase in temperature (physisorption) and
AG,qs. values obtained for the POQS on carbon steel in 1M
HCl solution range of -39.70 to -42.74 kJ mol™
(chemisorption).
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Quantum chemical parameters for the investigated
compound were calculated to provide further insight into the
mechanism of POQS inhibition of the corrosion process.
Both PM3 and DFT methods show that the inhibitor
molecule is efficient for the corrosion inhibition.
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