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ABSTRACT

Newly synthesized quinazolinone derivative namely 2-[(3-phenyl-4-oxo-3,4-dihydroguinazolinone-2-yl-thio) aceto] phenyl
thiosemicarbazide (PQPS) was investigated experimentally as a corrosion inhibitor for carbon steel in 1M HCI at various
concentrations and different temperature using potentiodynamic polarization, and Scanning Electron Microscopy (SEM)

measurements. The thermodynamic parameters obtained supported a physical adsorption mechanism and the adsorption
followed Langmuir adsorption isotherm. Polarization curves showed that the compound acts as a mixed inhibitor. A
maximum inhibition efficiency of 96.75% has been achieved using (5ppm) of inhibitor. SEM image confirmed that the
presence of the inhibitor forms a protective film on the surface of the carbon steel decreasing the corrosion process.
Theoretically, quantum mechanics calculations of the approximate semi empirical method PM3 and Density Functional
Theory (DFT) of (B3LYP) with alevel of 6-311G ++ (2p, 2d) by using Gaussian-09 program were done to evaluate the
structural, electronic and reactivity parameters of (PQPS) in relation to their effectiveness as a corrosion inhibitor in

vacuum and two liquid media (DM SO and H,0).
KEYWORDS: Corrosion inhibitor, PQPS, 1M HCI solution.

INTRODUCTION

Corrosion is the deterioration of metal by chemical attack
or reaction with its environment. It is a constant and
continuous problem, often difficult to eliminate
completely (Rani and Basu, 2012). Carbon steel corrosion
has been a problem of enormous practical importance due
to its high cost on the national economy. Mild steel is an
important material which finds wide applications in the
industry due to its excellent mechanical properties. It is
extensively used in various industries as a construction
material for chemical reactors, heat exchanger and boiler
systems, storage tanks, and oil and gas transport pipelines
(Singh and Quraishi, 2012). An aqueous solution of acids
is among the most corrosive media. Hydrochloric acid is
the most difficult of the common acids to handle from the
standpoints of corrosion and materials of constructions.
Extreme care is required in the selection of materials to
handle the acid by itself, even in relatively dilute
concentrations or in process solutions containing an
appreciable amount of hydrochloric acid. Thisacid is very
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corrosive to most of the common metals and aloys
(Fontana, 1987). Preventing the corrosion of carbon steel
has played an important role in various industries. Acids
are widely used in industrial processes, such as pickling,
cleaning, descaling. Thus the use of corrosion inhibitorsis
one of the most practical methods for corrosion protection
of steel especialy in acidic media (Bentiss et al., 2000).
Most of the well-known corrosion inhibitors are organic
compounds that mainly contain oxygen, sulfur, and
nitrogen atoms and multiple bonds in the molecule
through which they are adsorbed onto metal surfaces
(Saxena et al.,, 2009, Raja and Sethuraman, 2008).
Quinazolinone is a heterocyclic chemical compound with
two conjoined aromatic rings incorporating with two
nitrogen atoms, and one of the carbons oxidized with keto
oxygen. Chemically it is known as Quinazolin-4(3H)-one
(Chen et al., 2006). There are two structural isomers for
quinazolinone, 2-quinazolinone (A) and 4-quinazolinone
(B), with the 4-isomer being the more common Figure 1.
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FIGURE 1: Theisomer structures of quinazolinone

The inhibitory activity of these molecules is accompanied
by their adsorption to the metal surface. Free electron pairs
on heteroatoms or 1 electrons are readily available for

sharing to form a bond and act as nucleophile centers for
inhibitor molecules and greatly facilitate the adsorption
process over the metal surface, whose atoms act as
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electrophiles. Recently, the effectiveness of an inhibitor
molecule has been related to it's spatiad as well as
electronic structure (Ebenso et al., 2010). Quantum
chemical methods are ideal tools for investigating these
parameters and are able to provide insight into the
inhibitor—surface interaction. The molecular structure and
the electronic parameters that can be obtained through
theoretical calculations, such as the Highest Occupied
Molecular Orbital (HOMO) energy, the Lowest
Unoccupied Molecular Orbital (LUMO) energy, the
energy gap (AE=E, umo—Enomo), ae involved in the
activity of the inhibitors (Obot and Obi-Egbedi, 2008).
The inhibition performance is evaluated by polarization
curves. Several isotherms are tested for their relevance to
describe the adsorption behavior of the compound studied.

MATERIALS & METHODS

Synthesis of inhibitor (PQPS)

(a). Synthesis of 2-mercpto-3-phenyl-4(3H) quinazolin
one (Alafeefy, 2011)

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-Chlor oaceto-2-yl)-3-phenyl-4(3H)
quinazolinone (Al-Majidi, 2013)

To a mixture of 3g (0.01mol) compound (@) in 16ml of
dimethylformamide (DMF), 0.662g (0.0Imol) of
anhydrous potassium hydroxide dissolve in (9ml) of
methanol and (1ml, 0.01mol) chloroacetyl chloride added
dowly. The mixture was refluxed for 4hours. Leaved
stirring overnight, then poured into an ice water for
precipitation, filtered and recrystallized from ethanol to
give white crystals.

(c). Synthesis of 2-[(3-phenyl-4-oxo-3,4-dihydroquina
zolin-2-yl) thio] acetohydrazide (Al-Mgjidi et al., 2013)

To a solution of compound (b) (4g, 0.012mol) in DMF
(30ml), hydrazine hydrate 80% (2ml, 0.024mol) was
added with continuous stirring in the round bottomed flask
and the resulting mixture was refluxed for 4hours. After
cooling the mixture, white precipitate was formed. The
precipitate was filtered and recrystallized from ethanol.

(d). Synthesis of 2-[(3-phenyl-4-oxo-3,4dihydroquinazo
linone-2-yl-thio) aceto] phenyl thiosemicarbazide
(PQPS) (Al-Majidi and Al-K aisy, 2009)
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To a solution of compound (c) (2g, 0.006mol) in absolute
ethanol (25ml), phenyl isothiocyanate (0.006mol, 0.81g)
was added. Refluxed the mixture for 5Shours, cooled,
filtered and recrystallized from ethanol.

Preparation of test solutions

The blank solution of 1M HCI was prepared from (34.4%,
1.18g/ml) HCI by dilution with distilled water. The
concentrations range of inhibitor was (5-30) ppm and the
volume of test solution used for electrochemical
measurement was 1L.

M ethods of study

a. Computational

Calculations based on two sets of programs, the first set up
is a software of MOPAC 2000 (Kandemirli and Sagdinc,
2007) with method calculation, and other is Gaussian
software package 2009 and used approximate quasi-
experimental with PM 3 and density functional theory with
B3LYP style with basis set 6-311G (2p, 2d,++) (Geerlings
and Proft, 2002).

b. Electrochemical

An electrochemical cell containing three electrodes
immersed in a solution, a carbon steel as a working
electrode in the form of the disk was fitted into a polymer
(bakelite) holder exposing 0.785cm? surface area to the
solution, a platinum auxiliary electrode, and a silver-silver
chloride (Ag/ AgCl, 3M KCl) reference electrode. The
polarization curves were performed using a scan rate of
5mV.s” in the potential range of +200mV around the open
circuit potential (Eocp) using a Potentiostat/ Galvanostat.
Measurements were performed in the 1M HCI solution
without and containing different concentrations of the
tested inhibitor. The temperature of solutions was held at
20, 30, 40, 50C by athermostat water bath.

c. Microscopic

The carbon steel specimens used for surface morphology
examination were immersed in 1M HCI without and with
5ppm of PQPS by using Scanning Electron Microscopy,
the energy of the acceleration beam employed was 20kV
and the scale bar for the imagesis 100um.

RESULTS & DISCUSSION

Synthesis of the compounds

(a). 2-mer cpto-3-phenyl-4(3H) quinazolinone
Compound (a) was prepared viaintermolecular cyclization
reaction of equimolar amounts of anthranilic acid and
phenylisothiocyanate in present of triethylamine as a
catalyst in ethanol. The mechanism is shown in Scheme 1
(Joule and Mills, 2010). Compound (&) was afforded with
ayield of 89% and a melting point of 297 to 299°C.
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SCHEMEZ: The proposed mechanism for the compound (@) preparation reaction.
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(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 (a8) with Chlor-
acetyl chloride. This reaction is carried out in acoholic
potassium hydroxide solution to increase the
nucleophilicity of sulfur atom in attacking molecule by
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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 (Shriner et al., 1980). The
mechanism of the reaction is shown in Scheme 2 (March,
1985).
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SCHEME 2: The proposed reaction mechanism for compound (b) preparation

(c). 2-[(3-phenyl-4-oxo-3,4-dihydro quinazolin-2-yl)
thio] Aceto hydrazide

When compound (b) was refluxed with hydrazine hydrate
in dimethylformamide as a solvent it gave the expected

hydrazide derivative (c), Scheme 3. Compound (c) was
afforded as a white solid with a yield of 60% and m.p of
260 to 262°C.
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SCHEME 3: The proposed reaction mechanism for compound (c) preparation

(d). 2-[(3-phenyl-4-oxo-3,4-dihydro quinazolinone-2-yl-
thio) aceto] phenyl thiosemicarbazide (PQPS)

The hydrazide derivative (c) was converted to compounds
(d) via reaction with phenyl isothiocyanate in absolute
ethanol Mechanism of the reaction involves nucleophilic
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attack of an amino group in compound (c) on deficient
cabon in phenyl isothiocyanate followed by
rearrangement (Ahmed, 2012) to form the PQPS
compound, Scheme 4. PQPS was afforded as an off-white
solid with ayield of 75% and m.p of 264 to 266°C.
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SCHEME 4: The proposed reaction mechanism for PQPS preparation

TABLEZL: FTIR absorption bands and HNMR signals for PQPS compound

FTIR spectral datacm’”

v(N-H)  v(C-H) v(C-H) diph. v(C=0) v(C=C) Others
aromatic aromatic
3355 3083 Sym. 2925 1715 Thio-ester 1552 1299 v(C=S)
Assym. 2858 1691 Amide 1512 1620 v(C=N)

"HNMR signals & (ppm)

3.35(d, 2H, CH,); 4.69 (d, 1H, CH,-NH); 7.06 (s, 1H, oxazolering); 7.42-8.49 (m, Ar-H);

9.54 (d, 1H, NH, oxazole ring).

Theoretical study

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 6-311G++ (2p, 2d) [Parr and Yang,
1989, Becke, 1993, Lee et al., 1988), were carried out for
figuring the optimize geometry of the investigate molecule
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in vacuum and two liquid media (DMSO and H,0),
implemented in the Gaussian 09 program package (Frisch
et a., 2009).

Geometrical optimization structure
The final geometry of PQPS is given in Figure 2b. The
optimization structural parameters such as bond angles,



Corrosion inhibition of carbon steel by new phenyl quinazolinone derivative

bond distances and dihedral angles of the studied inhibitor
are shown in Table 2. From Table 2, it is reflected that the
longest bond length was observed for the S12-C13 bond
(1.812A° due to the large bulky size of atom S comparing
to others. The compound under investigation is not planar,

possessing C; symmetry,
confirmed by the values of bonds, bond angles, cis and
trans dihedral angles, Table 2.

Figure 2b. This result is
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FIGURE 2: (a). Chemical structure of PQPS, (b). Equilibrium geometry of the PQPS molecule calculated by DFT
(B3LY P/6311G++ (2p,2d)) method

TABLE 2: Calculated geometrical structure for PQPSmolecule by using DFT method

Description  Bond length  Description Angle Description Dihedral  Dihedral
Bond length (A) angle (deg) (deg) angle (deg) angle (deg)
N1-C2 1.280G N1C2N3 125326  N1C2N3C4 1.232
N1-C10 1.384G N1C2S12 116.664 N1C2N3C29 -178.712
C2-N3 1.383G N1C10C8 118.787  N1C2S12C13 -91.068
C2-s12 1.802G N1C10C9 121.844  N1C10C8H 0.021
N3-C4 1.422G C2N1C10 118267  N1C10C8C7 179.850
N3-C29 1.447G C2N3C4 120.907  N1C10C9C4 0.431
C4-C9 1.463G C2N3C29 122585  N1C10C9C5 179.870
C4=011 1.214G C2S512C13 99.574 C2N1C10C8 -179.837
C5-H 1.080G N3C2S12 117.977  C2N1C10C9 0.147
C5-C6 1.381G N3C4C9 114.053  C2N3C4C9 -0.547
C5-C9 1.399G N3C4011 120.697  C2N3C4011 179.676
C6-H 1.080G N3C29C30 119.390  C2N3C29C30 91.395
C6-C7 1.402G N3C29C34 119.662  C2S12C13014 -10.807
C7-H 1.081G C4AN3C29 116,507  C2S12C13C15 167.889
C7-C8 1.380G C4C9C5 120.175  C4N3C2S12 179.157
C8-H 1.080G C4C9C10 119590  C4N3C29C34 89.175
C8-C10 1.403G C5C6H 120.049  C4C9C5H -0.352
C9-C10 1.405G C5C6C7 120.051  C4C9C5C6 179.699
S12-C13 1.812G C5C9C10 120.233  C5C9C4011 -0.140
C13=014 1.199G C6C5H 121582  C5C9C10C8 0.113
C13-C15 1.514G C6C5C9 119.838  C6C5CIC10 0.003
C15-H16 1.089G C6C7H 119.685  C9C4AN3C29 179.401
C15-H17 1.096G C6C7C8 120.651  C10N1C2S12 -178.944
C15-N18 1.463G C7C6H 119.899  C10C9C4011 179.557
N18-H 1.016G C7C8H 121721  C10C9C5H 179.951
N18-N19 1.402G C7C8C10 119.855  011C4N3C29 -0.374
N19-H 1.006G C8C7H 119.662  C1ON1C2S12 -178.944
N19-C20 1.359G C8C10C9 119.367  S12C2N3C29 -0.787
C20=S21 1.676G CoC4011 125248  S12C13C15H16 34.017
C20-N22 1.364G C9C5H 118579  S12C13C15N18 154.433
N22-H 1.006G C10C8H 118422  C13C15N18H 54.842
N22-C23 1.428G S12C13014 124132  C13C15N18N19 174.183
C23-C24 1.396G S12C13C15 111681  014C13C15H16 -147.286
C23-C28 1.394G C13C15H16 110.048  0O14C13Ci15H17 95.467
C24-H 1.081G C13C15H17 106.939  014C13C15N18 -26.870
C24-C25 1.390G C13C15N18 109.579  C15N18N19H 111.697
C25-H 1.081G 014C13C15 124172  C15N18N19C20 -88.053
C25-C26 1.391G C15N18H 108.924  H16C15N18H 175.613
C26-H 1.080G C15N18N19 111.688 H16C15N18N19 -65.045
C26-C27 1.391G H16C15H17 108.151 H17C15N18H -64.047
C27-H 1.080G H16C15N18 109.463  H17C15N18N19 55.293
C27-C28 1.390G H17C15N18 112611  N18N19C20S21 8.690
C28-H 1.081G N18N19H 113.982  N18N19C20N22 -171.626
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C29-C30 1.389G N18N19C20 123.674 HN18N19H -128.480
C29-C34 1.387G N19N18H 108.110 N19C20N22H -174.606
C30-H 1.080G N19C20S21 123.233 N19C20N22C23 3.809
C30-C31 1.389G N19C20N22 115.637 C20N19N18H 31.767
C31-H 1.080G C20N19H 119.357 C20N22C23C24 65.988
C31-C32 1.391G C20N22H 113.643  C20N22C23C28 -115.949
C32-H 1.081G C20N22C23 127.761  S21C20N19H 167.942
C32-C33 1.390G S21C20N22 121.128  S21C20N22H 5.083
C33-H 1.080G N22C23C24 120.594  S21C20N22C23 -176.499
C33-C34 1.390G N22C23C28 119.604 N22C23C24C25 178.986
C34-H 1.079G C23C24C25 119.965 N22C23C28C27 -177.926

Figure 3 shows the geometries optimization of compound
studied in the vacuum including HOMO and LUMO
density distributionss.  HOMO mainly located on
thiosemicarbazide moiety, this would indicate that the

preferred active sites for an electrophilic attack are located
within the region around the nitrogen atoms. Moreover,
the electronic density of LUMO is distributed at the
aromatic rings of quinazolinone moiety.

HOMO

Global molecular reactivity

The following quantum chemical indices were calculated:
the energy of the highest occupied molecular orbital
(Enomo), the energy of the lowest unoccupied molecular
orbital (E_umo), energy gap (AE), dipole moment (), the
number of transferred electrons (AN) were calculated by
using the following equation (Khaled, 2008, Obot and
Obi-Egbedi, 2010):

XFe” Xinh.

AN = [2(1‘Fc+ r1511]1_}']

@

Where y g and y;nn. denote the absol ute el ectronegativity of
carbon steel and the inhibitor molecule, respectively, nge
and m;n, denote the absolute hardness of carbon steel and
the inhibitor molecule, respectively. yr and ng values for
carbon steel of 7.0eV mol™ and 0.0eV mol™, respectively
(Chermette, 1999). The electronegativity and hardness of
the inhibitor are related to the lonization potential 1E and
electron affinity EA, Equations 2-5.

IE+EA

== @
IE-EA
=" 3
IE = -Enomo (4)
EA =-EL umo 6)

Chemical Softness (S) and Global electrophilicity index
(w) were calculated according to the following equations
respectively:
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FIGURE 3: DFT Frontier molecule orbital density distributions calculation for PQPS inhibitor. Red color: the negatively
charged lobe, blue color: the positively charged lobe
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The calculated parameters for the compound were
presented in Table 3 according to the PM3 method and
Table 4, Table 5 according to DFT method. Chemical
reactivity of the molecules has been analyzed by these
parameters. The HOMO energy (Enomo) is often
associated with the electron donating ability of the
molecule; therefore, inhibitors with high values of Exomo
have a tendency to donate electrons to appropriate
acceptor with low empty molecular orbital energy.
Conversely, the LUMO energy (E_umo) indicates the
electron-accepting ability of the molecule, the lowest its
value the higher the capability of accepting electrons. The
gap energy between the Frontier orbitals (AEpomo.Lumo) 1S
another important factor in describing the molecular
activity, so when the gap energy decreased, the inhibitor
efficiency is improved (Zhang et al., 2010). The dipole
moment (U 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 (Wang et al.,
2007). Chemical Hardness (n) measure of the ability of
atom or molecule to transfer the charge and Chemical
Softness (S) measure of the flexibility of an atom to
receive electrons, compound possesses a high value of (n)
and (S) is considered to be a good inhibitor. The ability of
an atom or a group to pull electrons towards itself related
to the electronegativity (x), low electro negativity indicates
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a good inhibitor. e is the measure of the stability of an
atom after gaining an electron, Low value of (w) meaning
the molecule has a good inhibition. The AN values are
correlated to the inhibition efficiency resulting from
electron donation. According to Lukovits et a. study
(Lukovits et al., 2001), 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 3 according to PM3 and Table 5 according to DFT;
show that all the calculated AN values are positive and
lower than 3.6, indicates that the inhibitor molecules have
the capability in donating electrons to the vacant d-orbital
of metal.

TABLE 3: PM3 calculations of physica properties and quantum chemical parameters for PQPS inhibitor at the
equilibrium geometry
AHY Evomo Erumo AEn. M IE EA h c S . DN
kcal/mol eV ev ev Debye eV eV eV ev ev (34
101.648 -8.997 -1.019 7.978 6260 8997 1.019 3989 5008 0.250 3.143 0.249

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

Inhibitor ~ Sym.  Enjomo Eiumo AEnomorumo M Etotal
medium (eV) (eV) (eVv) (Debye) (eV)
Vacuum C1 -6.079 -1.751 4.328 6.660 -57386.668
DM SO Cc1 -6.463  -1.963 4.500 8.758 -57387.315
H,0 C1 -6.471 -1966 4.505 8.799 -57387.326
TABLE 5: Quantum chemical parameters for the PQPS molecule in the three media (vacuum, DM SO, and H,0) as
calculated using DFT method
Inhibitor |E EA hev) c(ev) S(ev) = (eV) DN
medium  (eV) (eV) "‘
Vacuum 6.079 1751 2164 3.915 0.462 3.541 0.712
DM SO 6.463 1.963 2.250 4213 0.444 3.944  0.619
H,O 6.471 1966  2.252 4218 0.444 3.950 0.617

Local reactivity for the 2-[(3-phenyl-4-oxo-3,4-dihydro
quinazolinone-2-yl-thio) aceto] phenylthiosemicarb
azide (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 classica 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 centers of
particles (nucleophilic and electrophilic centers). 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
(0), sulfur (S), P -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, 011, S12, 014, C15, N19, S21, C23, C26, C32 with
the order of S21> S12> 011> C15> C6> C26> C32>
014> N19> C23> N1. For the most favored electrophilic
reactive sites that can accept electrons are C2, C9 and C29
with the order of (C2> C9> C29) (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 6. Consider the
solvent effect, The values of the electronic charges for the
nucleophilic and electrophilic reactive sites increase on
going from vacuum to DM SO 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
centers could offer electrons to the Fe atoms to form a
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.

TABLE 6: DFT Mulliken charges population analysis for the calculated inhibitor molecule PQPS in three media (vacuum,

Atom Electronic Atom Electronic Atom Electronic
charge (ecu) char ge (ecu) charge (ecu)

N1 -0.153Vv C13 0.469VvV C25 -0.089V
-0.236D 0.521D -0.130D
-0.237w 0.522w -0.130w

Cc2 0.279V 014 -0.277V C26 -0.327V
0.383D -0.317D -0.360D
0.385w -0.317w -0.360w

N3 0.018V C15 -0.400V C27 -0.090V
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0.064D
0.065w
0.121v
0.224D
0.226w
-0.041v
-0.049D
-0.049w
-0.380V
-0.432D
-0.433w
-0.110v
-0.136D
-0.136w
0.001V
-0.013D
-0.013w
0.234V
0.254D
0.254w
0.155V
0.178D
0.178w
-0.435v
-0.518D
-0.519w
-0.522v
-0.576D
-0.577w

C4 H16

C5 H17
C6 N18
Cc7 N19
C8 Cc20
C9 S21
C10 N22
o1n C23

S12 C24

ISSN 2229 - 6441

-0.420D -0.116D
-0.420w -0.117w
0.132v Cc28 -0.030Vv
0.156D -0.020D
0.156w -0.019w
0.094v C29 0.333V
0.097D 0.226D
0.097w 0.224w
-0.034v C30 -0.089Vv
-0.079D -0.089D
-0.080w -0.089w
-0.269V C31 -0.165V
-0.233D -0.183D
-0.232w -0.183w
0.351VvV C32 -0.291Vv
0.393D -0.320D
0.394w -0.321w
-0.686V C33 -0.159v
-0.797D -0.185D
-0.799w -0.185w
-0.023Vv C34 -0.085Vv
-0.016D -0.100D
-0.016w -0.100w
-0.234V

-0.221D

-0.220w

0.148v

0.130D

0.129w

V: vacuum, D: dimethyl sulfoxide (DM SO), W: water, blue color: increase in electronic charge to more positive, red color: increasein
electronic charge to more negative.

Corrosion measur ement

Potentiostatic polarization measurements

The corrosion behavior can be determined by a
polarization curve (Ecr. VS 109 leor). Using Tafel
extrapolation method, it is possible to obtain the 1, and
the E.r. by the extrapolation of anodic and/or cathodic
Tafel lines (Poorgasemi et al., 2009). The potentiodynamic
polarization curves for carbon steel in 1M HCI at 293K in
absence and presence different concentrations of PQPS are
shown in Figure 4. The effect of increasing concentration
and temperature on Ecorr,, |cor, and Tafel slopes (bc and ba)
are shown in Table 7, The protection efficiency was
calculated from the following Equation:

%PE=1- = x 100 (8)
These resulte show that the compound (PQPS) acts as an

effective inhibitor for corrosion of carbon steel in 1M HCI
solution. The presence of PQPS in 1M HCI solution

decrease corrosion current densities I, and shift
corrosion potential Eg,, to @ more anodic and cathodic
direction, suggesting PQPS can be described as a mixed-
type inhibitor (anodic and/or cathodic) for corrosion of
carbon steel in 1M HCI, showing its inhibitory action on
both hydrogen evolution and metal dissolution. The
protection efficiency decrease with increasing temperature
suggesting the type of adsorption of the inhibitor on the
sample surface is a physical adsorption (Maayta and Al-
Rawashdeh, 2004, Abboud et a., 2009). Maximum
protection efficiency for the compound (PQPS) was
achieved at a concentration of 5ppm (1.084x 10°M) and
temperature of 293K. The corrosion rate C.R of carbon
steel increases with increasing temperature both for
inhibited and uninhibited solution. The C.R of carbon steel
in 1M HCI solution decrease on adding the inhibitor to the
solution.

I, and I: the corrosion current densities in the absence and presence inhibitor, respectively.As well as surface coverage ©
and corrosion rate C.R which can be determined from the corrosion current densities (I corr.)-

— sk
=200 —

100
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FIGURE 4:
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Polarization plots of carbon steel in 1M HCI for blank and inhibitor at atemperature of 293K a. at various

concentrations of PQPS. b. At the optimum concentration (5ppm) of PQPS.
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TABLE 7: Electrochemical data of the carbon steel corrosion with 1M HCI at various concentrations of PQPS and

different temperatures

Solun. T Ecorr.  Tcorr. Bc ba %PE © CR
(K) (mV) (MA.cm-2)  (mV.dec-l) (mV.dec-1) mm.y-1
293 -460.1 131.24 -120.3 1021 L 1521
Blank 303 -457.6 18219 -106.8 773 e 2111
1M HClI 313 -4685  288.89 -132.7 942 e e 3.348
323  -4411 528.72 -42.6 466 e e 6.128
293  -4379 4.26 -106.8 148.9 96.75 0.967  0.049
PQPS 303 -4287 1124 -186.2 188.9 9383 0938 0.130
5ppm 313  -470.7 3072 -187.6 204.1 89.36 0.893 0.356
323 -4693 4549 -125.0 721 9139 0913 0527
293  -518.7 4.52 -208.5 254.4 96.55 0.965 0.052
PQPS 303  -4479 48.62 -59.0 418 73.31 0.733  0.563
10ppm 313  -436.9 45.77 --50.2 38.6 84.15 0.841 0.530
323  -431.7 69.24 -35.9 335 86.90 0.869  0.802
293  -458.3 18.51 -59.5 50.3 85.89 0.858 0.214
PQPS 303  -447.0 67.34 -74.0 44.6 63.03 0.630 0.780
20ppm 313  -4250 40.13 -105.4 713 86.10 0.861 0.465
323  -436.7 74.24 -112.2 90.4 85.95 0.859  0.860
293  -478.8 20.12 -92.5 132.1 84.66 0.846  0.233
PQPS 303 -466.3 5414 -719 51.9 7028 0.702 0.627
30ppm 313  -457.7 65.31 -81.1 64.7 77.39 0.773  0.756
323  -458.9 122.64 -90.2 83.9 76.80 0.768 1421

Adsor ption isotherm behavior

The adsorption characteristics of PQPS compound were
analyzed to further establish the interaction mechanism
between PQPS and the carbon steel (Abd El-Lateef et dl.,
2013, Gad and Tamous, 1990, Limousin et a., 2007).
Adsorption of inhibitor involves the formation of two
types of interaction responsible for bonding of inhibitor to
a metal surface. The first one (physical adsorption) is
weak undirected interaction and is due to electrostatic
attraction between inhibiting organic ions or dipoles and
the electrically charged surface of the metal. The second
type of interaction (adsorption) occurs when directed
forces govern the interaction between the adsorbate and
adsorbent. Chemical adsorption involves charge sharing or
charge transfer from adsorbates to the metal surface atoms
in order to form a coordinate type of bond. Chemical
adsorption has a free energy of adsorption and activation
energy higher than physical adsorption and, hence,
usualy, it isirreversible (Trabanelli and Mansfeld, 1987).
The adsorption behavior of PQPS was found to obey
Langmuir isotherms. The Langmuir adsorption isotherm,
given by Equation 9 (Li et a., 2012), showed the best fit
for each data set.

CI'TI 1
"o = kgt Cuuh 9
Where, C;,,,. i< the inhibitor concentration (moI.L'l), Kas iS

the adsorpti on/desorption equilibrium constant (L.mol™).
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The plot of Cin/© vs Ciyn. gave a straight line and the
intercept represents (1/K ) With a slight deviation of the
slope from unity as shown in the correlation coefficient
values, Figure 5.

The Gibbs free energy of adsorption (AGys) was
calculated from Equation 10:

AGads. = AHad& - TASaja (10)
Where AHgs, ASys are the change in enthapy and
entropy of adsorption respectively, calculated from
plotting Log K s VS
(U T), Equation 12.

Kas is related to the standard Gibbs free energy of
adsorption (AGas), Equation 11 (Shetty et al., 2007).
AGys = -2.303RT [log 55.5K 4] (11
Where R is the universal gas constant 8.314 Jmol. *.K™*, T
is the temperature (K), and 55.5 is the molar concentration
of water (mol. L.

Equations 10 and 11 are combined to obtain Equation 12.
—AHags ASads. L
2303RT T 23038 T Log 55. (12)

Log Kags =

The enthalpy AHys is obtained from the slope (-AH s/
2.303R) obtained from plotting (log Kas) vs. (1/T). ASqs
obtained from the intercept of [ (ASxs/2.303R) +(log (1/
55.5)] Figure 6.
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FIGURE 5: Langmuir isotherms plot for the adsorption of PQPS on carbon steel at the temperature range (293, 303, 313
and 323K).
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FIGURE 6: Plot of (log Kas). Vs (UT) for PQPS inhibitor.

TABLE 8: Langmuir adsorption parameters of PQPS with 1M HCI at different temperature and various concentrations.

T (K) Kads AGads. AHads ASads R2

(L mal™) (kImol™  (kImoa™)  (kJmoltK™
293 3427 x10°  -40.94 -7.013 0.115 0.999
303 3.347x10°  -42.10 0.987
313 3244x10°  -43.26 0.994
323 2561x10°  -44.41 0.994

The results show high values of Ky indicate a strong
interaction of PQPS with the carbon stedl surface in 1M
HCI (Safak et al., 2012). The negative values of AGgs
ensure the spontaneity of the adsorption process and
stability of the adsorbed layer on the carbon steel surface
(Migahed, 2005). Generally, AGys values (0 to -20
kJmol.) are associated with electrostatic interactions
between the charged molecules and the charged metal
surface (physisorption), whereas those below -40 kJ/mal.
involve the sharing or transfer of charge from the organic
molecules to the metal surface to form a coordinate
covalent bond (chemisorption) (Bahrami et al., 2010,

Behpour et al., 2010). The values range of AGys was (-
40.94 to -44.41) kd.mol™, Table 8 refer to chemisorptions.
Chemisorption of the molecular forms of PQPS could
occur through donor/acceptor interactions between the p -
electrons of the C=0 group, C=S group, and the two
aromatic rings, and the vacant d orbitals of the carbon steel
surface atoms make it possible to provide electrons to the
unoccupied d orbital of carbon steel surface to form stable
coordination bonds (Khaled, 2008). The negative value of
AHys means the dissolution process is an exothermic
phenomenon (Gomma and Wahdan, 1995). It assumed that
an exothermic process is attributed to either physical or
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chemical adsorption but endothermic process corresponds
solely to chemisorption. In an exothermic process,
physisorption is distinguished from chemisorption by
considering the absolute value of a physisorption process
is lower than 40 kJ.mol™ while the adsorption heat of a
chemisorption process approaches is a round 100 kJ.mol ™
(Zarrouk et al., 2010). The vaue of -7.013 kd.mol™ for
AHgs. postulates that a physisorption is more favored.
(ASxs) refers to random interaction, whenever it is less
random the inhibitor is the best.

Corrosion kinetic and thermodynamic activation
parameters

Activation parameters were calculated for blank and
optimum concentration (5ppm) of PQPS. activation
parameters at different temperatures (293, 303, 313, 323K)
in the absence and presence of the 5ppm concentration of
PQPS were calculated from Arrhenius and Arrhenius
transition state equations (13,14) were used respectively
(Dahmani et al., 2010, Singh et al., 2010).

Ea
2,303 RT
AS* AHT
2.303R 2.303RT

LogC.R = Log A —

(13
(14)

LogE,—'FzLog%+

C.R is the corrosion rate (mm.y™), R is the universal gas
constant (8.314 Jmol™.K™), T is temperature (K), A isthe
Arrhenius pre-exponential factor (cm?2s?), 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 10** J.s™), 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
enthal py of activation (kJ. mol™).

The activation energy Ea and Arrhenius factor A, at the
absence and presence of the optimum concentration (5

mg/L) of PQPS, was determined by linear regression
between log C.R and 1/T, Figure 7.

1

y =-1899x + 6.629
=~ 05 \
>
€ 0 : i i : @ blank
E B5 ppm
: 05 A1 y =-3356x + 10.181
15
g 1

15
31 32 33 34 35
(1/T) x 103 (K?)

FIGURE 7: Plot of log C.R vs /T for the corrosion of carbon steel in 1M HCI at the optimum concentration (5 mg/L) of
PQPS 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.

s

=-3222x + 7.258 ®blank

y =-1765x + 3.706

y

5 ppm

log C.R/T (mm.y1.k?)

3 3.1

3.2
(1/7) x

3.4
103 (KY)

3.3 35

FIGURE 8: Arrhenius plots calculated from corrosion rate of carbon steel in 1M HCI in the absence and presence of the
optimum concentration (5 mg/L) of PQPS.

The results showed that the value of Ea increase in the
presence of PQPS suggesting inhibitor species being
physically adsorbed on the carbon steel surface (Almeida
et a., 1999, Bentiss et al., 2005, Mora et a., 2004) Table
9. The higher activation energy for inhibitors as compared
to that of free acid may be explained according to Riggs
and Hurd (Riggs and Hurd, 1967), as they stated that at
higher levels of surface coverage the corrosion process
may proceed on the adsorbed layer of inhibitor and not on
the metal surface leading to a decrease in the apparent
activation energy. The positive sign of enthalpies AH
reflects the endothermic nature of dissolution process. The
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activation enthalpy AH" increase in the presence of the
inhibitor implies that the PQPS increase the height of the
energy barrier of the corrosion process. The entropy of
activation AS" has negative value. The increase in the
entropy (-0.127 to -0.059) kJ.mol™.K™* from absence to the
presence of PQPS reveals that an increase in disordering
takes place in going from reactant to the activated
complex. This behavior can be explained as aresult of the
replacement process of water molecules during adsorption
of PQPS on carbon steel surface (Dahmani et al., 2010).
The value of activation free energy explains that the
corrosion reaction of carbon steel is non-spontaneous and
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increase with increasing temperature, Table 9 suppose that
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corrosion reaction increase with increasing temperature.

TABLE 9: Activation parameters for the carbon steeldissolution in 1M HCI in the absence and presence the optimum

Solution T  AH AG AS Ea A

(K) (kdma™) (kd.ma™) (kd.mol™K™?) (kd.mol™) (Moleculecm? sh
Blank 293 33.795 70.889 -0.127 36.360 2.562 x 10°°
IM HCI 303 72.155

313 73.421

323 74.687
PQPS 293 61.692 78.859 -0.059 64.258 9.114 x 10%
5ppm 303 79.445

313 80.031

323 80.617

FIGURE 9: SEM images for carbon steel surface with 1M HCI solution a- in the absence of PQPS, b- in the
presence of (5ppm) PQPS.
concentration of the inhibitor

Explanation for adsorption of PQPS

It is a mixed complex type (comprehensive adsorption).
This assumption is supported by the value of AG s, which
is proposed by chemisorptions, and by the value of AH .,
it is assumed that the physisorption is more favorable and
the results obtained for the temperature dependence of the
inhibition process, which decreases with the increase of
temperature (physisorption) and the value of Ea suggesting
that the inhibitor types are physically adsorbed on the
surface of carbon steel, so the adsorption of PQPS on
carbon steel surface in 1M HCI is supposed to be a
complex in nature and predominantly physisorption.
Scanning Electron Microscopy (SEM)

Figure 9 present two SEM images recorded to investigate
the changes occurred on the surface of the carbon steel in
the absence and presence of inhibitor in 1M HCI solution.
Figure 9a, shown the damaged of carbon steel surface in
1M HCI solution through forming a spherical particles due
to an aggressive attack of the corroding medium. In
presence of PQPS, the damage decreased, and a thin and
uniform layer is observed Figure 9b. This may be
interpreted due to the adsorption of PQPS and insulating
the surface from the acidic medium, by forming a
protective inhibitor film at the carbon steel surface.

CONCLUSION

Theoretical calculations were done to evaluate the
structural, electronic and reactivity parameters of
(PQPS) in relation to their effectiveness as a corrosion
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inhibitor in vacuum and two liquid media (DMSO and
H,0).

Geometrical studies found that PQPS is not a planer
molecule, and the HOMO is mainly located on
thiosemicarbazide moiety, this would indicate that the
preferred active sites for an electrophilic attack are
located within the region around the nitrogen atoms.
Consider the solvent effect, the values of the electronic
charges for the nucleophilic and electrophilic reactive
sites increase on going from vacuum to DMSO and
H,0O solutions.

PQPS 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 PQPS for
inhibition is 5ppm, indicates a physisorption inhibition
process.

The potentiodynamic polarisation measurements
showed that PQPS inhibitor can be classified as a
mixed complex inhibitor type (comprehensive
adsorption) for inhibiting carbon steel in 1M HCI.

The adsorption of the compound PQPS on carbon steel
surface follows the Langmuir adsorption isotherm
model.

The negative value of AH s means that the dissolution
process is an exothermic phenomenon

The activation enthalpy AH" increase in the presence
of the inhibitor implies that the PQPS increase the
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height of the energy barrier of the corrosion process,
and the positive sign of enthalpies AH reflects the
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