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ABSTRACT

Corrosion inhibition behaviour of (E)-4-(2,3-Dihyail,3-benzothiazol-2-ylidene)-3-methyl-1-phenyl{azol-
5(4H)-one(P1) on mild steel corrosion in 1 M HCI was investight# various concentrations by gravimetric and
electrochemical techniques. The polarization curnekicated that (E)-4-(2,3-Dihydro-1,3-benzothia2eylidene)-
3-methyl-1-phenyl-1H-pyrazol-5(4H)-on@1) as mixed inhibitor. The adsorption of (E)-4-(2,8dro-1,3-
benzothiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyt&{dH)-one(P1) on mild steel leading to inhibition was found
to follow the Langmuir adsorption isotherm. The mjwsn chemical calculations were carried out to blth the
mechanism of corrosion inhibition.

Key words: (E)-4-(2,3-Dihydro-1,3-benzothiazol-2-ylidene)-3mg@-1-phenyl-1H-pyrazol-5(4H)-one, Mild steel,
Polarization, EIS, Acid corrosion, DFT.

INTRODUCTION

Mild steel, the most widely used engineering matedespite its relatively limited corrosion reaiste used in large
tonnages in marine applications, nuclear poweradsportation, chemical processing, petroleum priboluand
refining, pipelines, mining, construction and mgiebcessing equipment [1-4]. The inhibition of mitdeel
corrosion of iron in acidic media by different onia compounds has been widely studied [5-7]. Thistiex
literature shows that most of the organic inhilsitact by getting adsorbed on the iron surface. phé&momenon is
influenced by the nature and surface charge onlntleéatype of aggressive electrolyte and the chahstructure of
inhibitor[8-10].The use of organic inhibitors is@wnf the most practical methods for protection @ftals against
corrosion, and is becoming increasingly popularoatiog to recent studies[11-13]. The inhibitoryi@#ncy of
organic molecules mainly depends on their adsampdibility on metal surface, which can markedly aderhe
corrosion resisting properties of metals [14-1MeTadsorption of organic molecules on metals sasfatepends
mainly on the nature and the surface charge of Imetiae chemical structure of organic molecule ¢fional
groups, steric factors, electron density, etc.) #redtype of solution [18-22]. Benzothiazole detiv@s possess a
wide spectrum of biological and pharmacologicalvétiés due to presence of a fold along the nitrogad sulfur
axis, which is considered to be responsible asafrtee structural features to impart their actastii23-24]. The
synthesis of novel benzothiazole derivatives angestigation of their chemical and biological beloani have
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gained more importance in recent decades for meliaind agricultural reasons. Different classelsenfizothiazole
derivatives possess an extensive spectrum of platogical activities, particularly in compounds hieg
benzothiazoles which are known to exhibit uniqué-HiV activity [25]. Substituted benzothiazole reties has
been found to have important activities such asnetarial[26], anti-microbial[27-28], anti-diabetif29] etc.
Furthermore pyrazole derivatives occupy an important positionmedicinal chemistry due to their wide of
bioactivities such as antiparisitaires [30], anflammatory [31], antitumor [32], etc. All theseoperties have
motivated us to synthesize a compound with twotiestbenzothiazoles and pyrazole in the same steI¢E)-4-
(2,3-Dihydro-1,3-benzothiazol-2-ylidene)-3-methyphenyl-1H-pyrazol-5(4H)-onéP1) Scheme 1

H3C

Iz

Scheme 1: (E)-4-(2,3-Dihydro-1,3-benzothiazol-2-géene)-3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (P1)3B]

The investigation on the inhibition effect of syatived (E)-4-(2,3-Dihydro-1,3-benzothiazol-2-yliég3-methyl-

1-phenyl-1H-pyrazol-5(4H)-onéP1), on the corrosion of mild steel in 1 M HCI was foemed by gravimetry,

potentiodynamic polarization and electrochemicapéaance spectroscopic (EIS) measurements. Thet effec
concentration on the inhibition efficiencies of Ras been systematically studied. In addition te, tuantum

chemical calculations were performed to add thémaksupport to the experimental results.

MATERIALS AND METHODS

2.1. Materials and sample preparation

The composition (wt.%) of mild steel samples usadall the experiments was as follows: C = 0.253; 8.12; P =
0.013; S = 0.024; Cr = 0.012; Mn = 0.03 and baldreeCoupons cut into 1.5 x 1.5 x 0.05 cm size wesed for
gravimetric measurements where as specimens ofwgthel cm2 exposed surface areas were used asngork
electrode for polarization and EIS measurementfrBestarting the experiments, the specimens weehanically
abraded with 320, 400, 600, 800, 1000 and 1200egohetmery papers. These were then degreased edthre,
washed with double distilled water and dried intafore immersing in the corrosive medium.

The corrosive solution, 1.0 M HCI was prepared Bytin of analytical grade HCI of predeterminedrmality
with triple distilled water. The concentration rangf P1 used was 10-6 M to 10-3 M. The volume et&blyte
used in each experiment was 100 mL.

2.2. Synthesis of inhibitors

In a 100 ml flask was added (0.014 mole) of 2-arhiimphenol, and (0.0025 mole) of 5- [1-phenyl-3-hykt5-oxo-
pyrazol-4-ylidene]-1.7-dimethyl-3-phénylpyrano[Z;Byrazole in n-butanol (50 mL). The mixture isluxkd for
three days. The product (E)-4-(2,3-Dihydro-1,3-lmhiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyrazoé{)-one
(P1) was precipitated first in n-butanol with a yield 80% (M.p 461-462K); a second compound with the
bipyrazole structure was isolated with a low yiSlcheme 2
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Scheme 2: Synthesis of (E)-4-(2,3-Dihydro-1,3-berthiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyrazol-5(#)-one (Pl)

The analytical and spectroscopic data are confagrdrthe structure of compoulidl) formed.

(P1)Yield = 60%;M.p. 461-462K;RMN*H (DMSO-d6) & ppm : 9.7(s,1H,HN), 2.4 (S,3H,GH, 7.16 -8.002(m,
9H,H-ar); RMN™®C (DMSO0-d6) & ppm : 14.81 (CH), 161.79 (C=0), 146.111;140.713; 138.743 ; 0Q6.
115.264 ; 96.435 (Cq), 128.991 ; 128.825 ; 127;8824.847 ; 124.579 ; 122.095 ; 119.472 ; 115.75H 4r).

2.3. Experimental techniques

2.3.1. Gravimetric measurements

Finely abraded and dried mild steel specimens mfdsion 1.5 x 1.5 x 0.05 cm were weighed on aalipialance
with 1 mg sensitivity and immersed for 6 h in 1 NCHat 308 K in the absence and presence &fMGo 10° M of
P1. The immersion time of 6 h was selected bectheseorrosion rate attends its limiting value. Ihthe above
measurements, at least three closer results westdaved for taking the average values.

The percent inhibition, E% for the weight loss neethis calculated as follows:

Wo—

E (%) = x 100 (1)

w; and vy are the corrosion rates of steel samples withvétitbut inhibitor, respectively.

2.3.2. Electrochemical measurements

Electrochemical impedance spectroscopic (EIS) studind potentiostatic polarization studies werdexhout using

a potentiostat PGZ100 piloted by Voltamaster saftew This potentiostat is connected to a cell Withe electrode
thermostats with double wall. The mild steel spesimused as working electrode while platinum ardnoeal
electrodes were used as counter electrode anctfiience electrode, respectively. Impedance measmts were
carried out at k, potential at the range of 100 kHz to 10 MHz at kteghe of 10 mV. The impedance diagrams are
given in Nyquist representation. The impedance @oldrization parameters such as double layer capasa (G),
charge transfer resistance.§Rcorrosion current {,), corrosion potential (&), anodic Tafel slopepf) and
cathodic Tafel slopep€) were computed from the polarization curves andjuist plots. The Ep values were
calculated from potentiodynamic polarization measgnts using the equation (2).

_ learrio) ~learrlinm
E,% = X 100 @)

Leorrio

Where L.gand Lo, are current density in absence and presence €f-(E)3-Dihydro-1,3-benzothiazol-2-ylidene)-
3-methyl-1-phenyl-1H-pyrazol-5(4H)-or{f 1), respectively.

The inhibition efficiency got from the charge-tréersresistance is calculated by the following rielat

Rt (inh) “Rtlo)

E.. 0=
Re 70 Re(ink)

x 100 3)

Where Rgjand R are the charge transfer resistance values indbenae and presence of inhibitor, respectively.
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2.4. Quantum chemical calculations

All quantum chemical study was carried out using Brensity Functional Theory (DFT) with hybrid fuional
B3LYP, based on Becke's three-parameter fonati including Hartree—Fock exchange contributieith a
nonlocal correction for the exchange potenti@oposed by Becke [34-35] together with tlelacal
correction for the correlation energy providsdLee et al. [36]. Since electrochemicalrosion takes place
in liguid phase, and for a better approaththe experimental results, we used the SefisGent Reaction
Field (SCRF) theory [36], with Tomasi's Poladz€ontinuum Model (PCM) [37], to include theffect of
solvent in the computations. This approach n®tiet solvent as a continuum of uniform dielectooistant £)
and defines the cavity where the solute is placea aniform series of interlocking atomic spheres.

The quantum chemical investigations were used @& for good theoretical parameters to be correlatgld the

inhibitive performance of the studied benzothiagzobnd pyrazole derivatives. To do so, some of nudec
properties, describing the global reactivity swash the energy of the Highest Occupied Molecufarbital

(EHomo), the energy of the Lowest Unoccupied MolecuOrbital (Eymo), the energy gap AE=E_ymo-

Enomo), the electrical dipole momentu)( the lonization Potential (IP), the Electraffinity (EA), the

electronegativity ¥), the global hardnesg)(and were calculated. Other parameters describi@docal selectivity
of the studied molecules such as the local nbpopulations and the Fukui functions were alsosodered. In
order to estimate some of the previous detms, the Koopmans' theorem was used [38B]relate the
HOMO and LUMO energies to the IP and EA, respebtive

IP = -Fomo 4)
EA = -Eumo )

Then the electronegativity and the global dhess were evaluated, based on the finiterdiice
approximation, as linear combinations of the caltad IP and EA.

IP + EA 6)
2

no " EA (7)
2
RESULTS AND DISCUSSION

3.1. Effect of inhibitor P1 concentration

3.1.1. Gravimetric measurements

It is evident from the data recorded in Table 1 tha corrosion rate decreases and the inhibitféiciency (E,)
increases with increasing inhibitor concentratieaching a maximum value of 94% at a concentratfohOGM.
These results indicate that this (E)-4-(2,3-Dihydlf8-benzothiazol-2-ylidene)-3-methyl-1-phenyl-1b-gzol-
5(4H)-one(P1) inhibitor can effectively prevent mild steel frodissolving in the acidic media probably through
their adsorption at the mild steel surfaces.

Table 1. Corrosion parameters obtained from weightoss measurements for mild steel in 1 M HCI containg various concentrations of
(E)-4-(2,3-Dihydro-1,3-benzothiazol-2-ylidene)-3-ntayl-1-phenyl-1H-pyrazol-5(4H)-one (P1) at 308 K

Inhibitor Concentration (M) (mg.cm?h®) | (%) 0
HCI 1M - 0.82 -] -
10° 0.23 72| 0.72
o 10° 0.11 87 | 0.87
Inhibitor (P1) 10° 0.07 91| 091
10° 0.05 94 | 0.94

3.2. Electrochemical Impedance Studies

Nyquist plots for mild steel immersed in 100 mLsofution in the absence and presence of (E)-4{#hgdro-1,3-
benzothiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyr&s¢4H)-one (P1) are shown in Figure 1. The impedance
parameters, charge transfer resistangg, (Rouble layer capacitance {JCfrom the Nyquist plot values are shown
in Table 2.
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When mild steel is immersed in 100 mL HCI mediura B value is found to be 14.5@(cnf). The G, value is
200 @F/cnf). When 16 M P1 to of 10°M the R, value has increased from 71 to 489dnT) and the G value has
decreased from 92 to 3mR/cnf). The increase in Kvalues and decrease in double layer capacitantes/a
obtained from impedance studies justify the goadiopmance of a (E)-4-(2,3-Dihydro-1,3-benzothia2eflidene)-
3-methyl-1-phenyl-1H-pyrazol-5(4H)-on@1) as an inhibitor in HCl medium. This behavior medmst the film
obtained acts as a barrier to the corrosion prabesslearly proves the formation of the film.
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Figure 1. Electrochemical impedance curves of mildteel in 1M HCI without and with different concentrations (E)-4-(2,3-Dihydro-1,3-
benzothiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyrazi5(4H)-one (P1)

Table 2. Impedance parameters and inhibition effi@ncy values for mild steel after 1/2 h immersion p@d in 1 M HCI containing
different concentrations of (E)-4-(2,3-Dihydro-1,3benzothiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyrazk5(4H)-one (P1) at 308 K

Inhibitor Concentration Rs R: CPE n Cal Ert
(M) (Q.cn?) | (Q.cn) | (F) (WF.cn?®) | (%)
M HC - 103 | 1450 | 298] 088 200 -
10° 361 71 | 238| 084 92 84
N 10° 575 106 | 214] 0.79 87 8¢
Inhibitor (P1) 107 515 137 | 174] 074 a1 8
10° 573 439 | 67| 081 35 97
10°
[ ] HCL 1 M.Z
— - 10-3M.Z
memmmma., D i3
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Figure 2. Bode plots of mild steel in 1 M HCI in tle absence and presence of different concentrationg(E)-4-(2,3-Dihydro-1,3-
benzothiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyrazib5(4H)-one (P1) at 308K

The capacitive behaviour of mild steel in preseat€E)-4-(2,3-Dihydro-1,3-benzothiazol-2-ylideneygethyl-1-
phenyl-1H-pyrazol-5(4H)-on€P1) could be visualized from Bode plots, also. An a&ggive attack of HCI acid
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corroded mild steel enormously and made surfackhhigregular, which could be easily detected byaBrphase
angle (Figures 2 and 3). On the contrary, adsamptb the (E)-4-(2,3-Dihydro-1,3-benzothiazol-2-gitk)-3-
methyl-1-phenyl-1H-pyrazol-5(4H)-on@P1) on mild steel effectively lowered surface irregitias, as a result
phase angle increased approaching to 90°. Thisdtel increased capacity of the interface duedgthsence of
adsorbed inhibitor molecules at the interface.
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Figure 3. Phase angle plots of mild steel in 1 M HGolution in the absence and presence of differembncentrations of (E)-4-(2,3-
Dihydro-1,3-benzothiazol-2-ylidene)-3-methyl-1-pheyi-1H-pyrazol-5(4H)-one (P1) at 308K

The impedance data obtained above were analyzed asi electrochemical equivalent circuit shown igufFe 4
where, R, Ry and CPE stand for solution resistance, chargesfeearresistance and constant phase element,
respectively. The term CPE has been introduceagptace a double layer capacitancg)(@r more accurate fit
[39]. The impedance of the CPE is defined as fatlow

Zere= Y (iw)"  (8)

Where Y; is a proportionality factor and ‘n’ has the meanof phase shift. The value of ‘n’ represents theiation
from the ideal behavior and it lies between 0 arjd(]. The values of Rand CPE were obtained from the above
mentioned equivalent circuit and are listed in Eabl These data indicate that by increasing theexgration of
(E)-4-(2,3-Dihydro-1,3-benzothiazol-2-ylidene)-34mg@-1-phenyl-1H-pyrazol-5(4H)-onéP1), the values of CPE
tend to decrease and consequentlyificreases. The decrease in capacitance resuftng decrease of dielectric
constant and/or an increase in the thickness ofetbetrical double layer suggests that (E)-4-(2iByBro-1,3-
benzothiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyr&s¢4H)-one (P1) act by adsorption on the metal/electrolyte
interface [41-42]. In the present case, it candsumed that water molecules adsorbed on the swfandd steel
are replaced by (E)-4-(2,3-Dihydro-1,3-benzothiazglidene)-3-methyl-1-phenyl-1H-pyrazol-5(4H)-o(fl).

=Y

|

Rcl

Figure 4. Electrochemical equivalent circuit usedr fitting impedance data for mild steel corrosionn 1 M HCI in absence and presence
of different concentration of studied system

3.2.1. Potentiodynamic Polarization Studies

Tafel data for mild steel immersed in 1 M HCI irethbsence and presence of (E)-4-(2,3-Dihydro-1rZdtaiazol-
2-ylidene)-3-methyl-1-phenyl-1H-pyrazol-5(4H)-o(fel), calculated from the curves in Figure 5 are givemable
3. It is clearly seen from the figure 5 that bdtle anodic and cathodic curves shift to lower curdansities on
addition of inhibitor indicating retardation of afio dissolution of mild steel as well as hydrogen reduction.
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Electrochemical parameters show that the increaseoncentration of (E)-4-(2,3-Dihydro-1,3-benzot#ub2-

ylidene)-3-methyl-1-phenyl-1H-pyrazol-5(4H)-orff1) is associated with a displacement of corrosiore il

towards more positive values. Additionally, inhdrittoncentration affected the magnitude of Tafepst (ba and
bc) and led to the profile where in b values chanigeegularly in relation to the blank. The cattmdind anodic
branches also did not uniformly shift with changethe concentration of (E)-4-(2,3-Dihydro-1,3-betiazol-2-

ylidene)-3-methyl-1-phenyl-1H-pyrazol-5(4H)-orfP1). These salts decreaseg,iand shifted E,; towards less
negative values. The shift in.J values was lower than 85 mV in each case sugge#iat inhibitor (E)-4-(2,3-
Dihydro-1,3-benzothiazol-2-ylidene)-3-methyl-1-plkehH-pyrazol-5(4H)-one(P1) is mixed type inhibitor [43-
44].

Table 3. Electrochemical parameters of mild steehilM HCI solution without and with (E)-4-(2,3-Dihydro-1,3-benzothiazol-2-ylidene)-3-
methyl-1-phenyl-1H-pyrazol-5(4H)-one (P1) at diffeent concentrations

Inhibitor CO”CF,\;I‘;“"O” Ecor (MV/SCE) | Loy (nAfcm?) | Bc (mV/dec) | pa (mv/dec) (0'/50)
IM HCI - 465 1386 292 101
10° 476 231 213 86 83
. 10° 277 175 204 91 87
Inhibitor (P1) 10° 473 114 193 108 92
10° 474 72 199 102 95
1.5
1.0 H
0.5
0.0 4
T 054
o -
E -1.0 4 Y
Q.15 m HCI1M ¥
o] @ 10 3
0] 10™*M |
254 w 10°M '!‘
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Figure 5. Potentiodynamic polarization curves of md steel in 1M HCI in the presence of different cocentrations (E)-4-(2,3-Dihydro-1,3-
benzothiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyrazi5(4H)-one (P1)

3.2.2. Adsorption Isotherm

The efficiency of inhibitor molecules are relatedheir adsorption ability on the metal surface.iAibitor reduces
the corrosion rate by covering active centers enntletal surface. So, it is important to determim$ase coverage
ratio value §) for discussing the corrosion rate properly Figbrehe linear relationships of €¥ersus C suggest
that the adsorption of (E)-4-(2,3-Dihydro-1,3-bettiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyrazol-5{}one
(P1) on the mild steel is in well agreement with the dpanuir adsorption isotherm, which is expressed kg th
following equation.

C 1
=~ = ~—+C 9
P ot )

Where, C is the concentration of inhibitérjs surface coverage on the metal surface agdi¥the equilibrium
constant of adsorption process. The correlatiofifictnt (R*= 0.999) was used to choose the isotherm thatfivest
experimental data.

The standard free energy of adsorptid®,°,4sis related to the ks with the equation given below:

1 ey

ads

K= ex
5855 bt RT
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The average value of the.Kis 6.47 18 M which reflects the high adsorption ability of thé molecules on the
mild steel surface (Thermodynamic parameters weterthined from gravimetric). Th&G°,4sis negative and high
(-44.52 kJ mol) indicates the strong interactions between thébittr molecules and the metal surface [45-48].
Generally, the standard free energy of adsorptaines of -20 kJ mdlor less negative are associated with physical
adsorption; those of -40 kJ nifadr more negative involves charge sharing or trartsééween inhibitor molecules
and metals (chemical adsorption)[49-51]. Howese, ddsorption of organic molecules on metal susf@aemnot be
considered as purely physical or chemical phenomelmoaddition to the chemical adsorption, inhibitnolecules
can also be adsorbed on metal surface via phyisiggibctions. In this study, theG°,4sis modestly closer to -40 kJ
mol™. Therefore, it is concluded that chemical intdmat should be dominant for the adsorption of Be4-(2,3-
Dihydro-1,3-benzothiazol-2-ylidene)-3-methyl-1-phktH-pyrazol-5(4H)-one(P1) molecules on the mild steel
surface [51-52].
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Figure 6. Langmuir isotherm plots for the adsorptian of inhibitor on mild steel

3.3. Quantum chemical calculations

The quantum chemical calculations are performedromtel (R) core (TM)Quad CPU (2.4 GHz and 8 GB RAM)
computer using standard Gaussian-09 software pack&8]. The geometries of the benzothiazol-pyrazole
derivatives considered in this work are fullytiopzed, without any symmetry constraint at Dk&vel of theory
using a B3LYP functional together with 6-31({d basis set in gaseous phase. Besides, Hetter approach
of the experimental parameters, the geometriesagtimized in aqueous phase at the samel lef theory
using PCM model. The final optimized geometriesgiven in Figure 7 and the geometrical parametaitges are

presented in Table 4.
Table 4. Pertinent valence and dihedral anglesn degree, of the studied inhibitors caldated at B3LYP/6-31G(d,p) in gas, G and
agueous, A phases.

Angle Phase Value
[C7C1:Cud] 2 il??g fg (?5972
[C16N2oH 3] S il ::ng 85&563
[S27C1C14C1d] S 6?6000(38208
[C17C16N2gH 3] S (c)) Cc));gfg

After the analysis of the theoretical results aitd, we can say that the molecule (E)-4-(2,3-DibybB-
benzothiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyras¢4H)-one (P1) have a planar structure. In fact, the
benzothiazol, pyrazol and benzene rings are ciecpgndicular to each other.
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Figure 7. Optimized molecular structures and bondéngths of the studied inhibitors calculated in gaéblack) and aqueous (red) phases at
B3LYP/6-31G (d,p) level

Phase TE (eV)| ERomo(eV) | Elumo(eV) | AE(eV) u(D) IP(eV) | EA(eV) %L 1
Gas -35191.9 -5.321 -1.598 3.723 5.7259 5.321 1.598 6(B}40.931
Aqueous | -35194.8 -5.532 -1.603 3.929 8.3456 5.582 1.603 673)51.965

» Local molecular reactivity

Besides the global reactivity indicators, thealysis of atoms selectivity within inhibisoris very useful in
indicating the reactive sites towards electrophélicd nucleophilic attacks. In the case of an ebeetransfer for
reaction control, the selectivity descriptors obicle are the condensed Fukui functions on atom$ [Bdese
descriptors inform about the veritable sites in@ewnule on which nucleophilic, electrophilic or real attacks are
most likely possible.

In order to compute the condensed Fukui functidresssystem of N electrons, we perform a
single point calculation of the anionic (N+&nhd the cationic (N-1) species by using treutral optimized

geometry, at the same level of theory. The eosdd Fukui functions are then computed using ithigef
difference approximation as follow:

fii" = Pi(N+1) - P(N)

fi = Pk(N) - P(N+1)
Pk(N+1) - Pk(N-l)

2

where, R(N), R(N+1) and R(N-1) are the natural populations for the atorm the neutral, anionic and cationic
species respectively.

Tables 5 and 6 displays the most relevant valugiseofatural population (P(N), P(N-1) and P(N+1))

with the corresponding values of the Fukuindtions f", f, and f°) of the studied inhibitors. The
calculated values of thg'ffor all inhibitors are mostly localized on the fajme ring, namely §, N3, and Qs and

C13, indicating that the pyrazolone and benzothéazimg will probably be the favorite site for neophilic
attacks.
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Table 5. Pertinent natural populations and Fukui functions of the studied inhibitors calculaéd at B3LYP/6-31G(d,p) in gas (G)

phase
Atom | Phase| P(N) | P(N+1)| P(N-1) f f 0
C; G 5,8810| 6,021 5,8888 0,14P70,0078| 0,0664
Coz G 6,2557| 6,286 6,167p 0,03L®,0881| 0,059
S G | 15,5644 15,6849| 15,4630} 0,1206] 0,1014| 0,111
Nae G 7,2524| 77,2547 7,1524 0,00P4,1000| 0,0513
Nac G 7,2929| 7,3809 7,230 0,088D,0622]| 0,075
Os: G 8,6831| 8,7479 8,551 0,0648,1316| 0,0983
Table 6. Pertinent natural populations and Fuki functions of the studied inhibitors calcuhted at B3LYP/6-31G(d,p) in aqueous (
A) phase
Atom | Phase| P(N) | P(N+1)| P(N-1) fr il 0
C; A 5,8770| 6,0416] 5,882¢6 0,16450,0056| 0,0795
Cis A 5,3588 | 5,4350] 5,336 0,0762,0227| 0,049%
Sy A |15,5441] 15,6996| 15,4400| 0,1555| 0,1041| 0,129
Nag A 7,2563 | 7,2591] 7,158¢ 0,0028,0977| 0,0503
N3o A 7,3282 | 7,4020] 7,224¢ 0,0738,1036| 0,0887
Oss A 8,7051| 8,7722| 8,550 0,06710,1545| 0,110
2 \
@ : D)
Pl >
HOMO (G) LUMO (G)

HOMO (A) LUMO (A)

Figure 8. The HOMO and the LUMO electrons desity distributions of the studied inhibitors @mputed at B3LYP/6-31G(d,p) level
in gas and aqueous phases

CONCLUSION

The corrosion inhibition mechanism and the stabdit (E)-4-(2,3-Dihydro-1,3-benzothiazol-2-yliderg&)methyl-1-
phenyl-1H-pyrazol-5(4H)-ongP1) on mild steel in 1 M HCI solution were investighteAccording to the
experimental findings, the following points could toncluded:

» (E)-4-(2,3-Dihydro-1,3-benzothiazol-2-ylidene)-3-imgd-1-phenyl-1H-pyrazol-5(4H)-one (P1) reduces the
corrosion rate of mild steel in 1 M HCI solutionhd inhibitory efficiency of this compound depends its
concentration.

» Polarization measurements show that (E)-4-(2,3-@ibyl,3-benzothiazol-2-ylidene)-3-methyl-1-phenid-1
pyrazol-5(4H)-ongP1) inhibit both the anodic and cathodic processegatithg that this is mixed type corrosion
inhibitor.

» The corrosion of mild steel is mainly charge transfontrolled.

» The adsorption of all the (E)-4-(2,3-Dihydro-1,3Aethiazol-2-ylidene)-3-methyl-1-phenyl-1H-pyrazg4H)-
one(P1)on the mild steel surface in HCI acid solution ab#e Langmuir adsorption isotherm.

» (E)-4-(2,3-Dihydro-1,3-benzothiazol-2-ylidene)-3-tmgd-1-phenyl-1H-pyrazol-5(4H)-oné” 1) molecules evenly
distribute over the steel surface.
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» The calculated parameters using quantum chemicaltieps correlated well with the experimental resul
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