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ABSTRACT

The purpose of this study was to examine the effe¢tz)-4-(2H-1,4-benzothiazin-3(4H)-ylidene)-5thyd-2-
phenyl-2,4-dihydro-3H-pyrazol-3-on@1) as a corrosion inhibitor on mild steel in 1M HCllstion using the
weight loss, the potentiodynamic polarization amhectochemical impedance spectroscopy (EIS) tectasgThe
efficiency of inhibition of each inhibitor increaswith increasing of inhibitor concentration at 3Q8vhich leads to

a significant reduction in the corrosion rate ofldnsteel. The adsorption of (42)-4-(2H-1,4-benzahi-3(4H)-
ylidene)-5-methyl-2-phenyl-2,4-dihydro-3H-pyrazed3e (P1) on the surface of the mild steel has been well
described by the Langmuir adsorption model and ¢wanchemical calculations were carried out to efigibthe
mechanism of corrosion inhibition.

Key words: 1,4-benzothiazine, Pyrazolone, Mild steel, Eledtmuical methods, 1M HCI , DFT.

INTRODUCTION

[1,4]-benzothiazines derivatives have constitidadmportant class of heterocyclic compounds whisken when
part of a complex molecule [1], possess a widetspecof biological activities [2-4], due to thegzence of a fold
along the nitrogen sulfur axis. The biological wityi of some [1,4]-benzothiazines derivatives isitr to that of
phenothiazines, featuring the same structural fipiegi [5-9]. The role of [1,4]-benzothiazine in miieinal
chemistry was reviewed earlier [10]. Generally, Zs¢hiazine and derivatives have found widespregdicgiion as
analgesic [11-12], antibacterial [13-14], anticanf¥b5], anticonvulsant [16], anthelmintic [17]. Tde properties
indicate that [1,4]-benzothiazine is a template thay be potentially useful in medicinal chemistegearch and
therapeutic applications. Furthermore pyrazolevagiries occupy an important position in medicinamistry due
to their wide range of bioactivities such as amgea [18], anticonvulsant [19], antimalarial [26}¢.

The present study aimed to test new compound nag@igd4-(2H-1,4-benzothiazin-3(4H)-ylidene)-5-mett/
phenyl-2,4-dihydro-3H-pyrazol-3-or@1) on the corrosion of mild steel in 1 M hydrochloacid solution. In this
work, we are interested in the synthesis of tHe tbmpound for biological activities, [21-22] lepndensation
dithiodianiline and 5-[1-phenyl-3-methyl-5-oxo-py@-4-ylidene]-1.7-dimethyl-3-phénylpyrano[2,3-clpgole, in
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n-butanol The resulting major product was prectpdain n-butanol then filtered and recrystallizend
dichloromethan&cheme 1

In continuation of our work on development of 1@hhothiazine derivatives as corrosion inhibitorsatidic
environment [23-38], we have studied the inhibitieffect of (42)-4-(2H-1,4-benzothiazin-3(4H)-ylideRA5-
methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-o1fB1) on the corrosion of mild steel in 1 M HCI usinglgrization
measurements, impedance techniques, weight lossumgaents and quantum chemical calculations. The
relationship between calculated quantum chemicaarpaters and experimental inhibition efficienciefs tioe
inhibitors was discussed.
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Scheme 1: (42)-4-(2H-1,4-benzothiazin-3(4H)-ylidep&-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (R)
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 balareeCoupons cut into 1.5 x 1.5 x 0.05 cm size wesed for
gravimetric measurements whereas specimens ofvgthel cnf exposed surface areas were used as working
electrode for polarization and EIS measurementfrBestarting the experiments, the specimens weehanically
abraded with 320, 400, 600, 800, 1000 and 1200egodamery papers. These were then degreased egtbre,
washed with double distilled water and dried intafore immersing in the corrosive medium.

The corrosive solution, 1.0 M HCI was prepared bytidn of analytical grade HCI of predeterminedrmality
with triple distilled water. The concentration rangf P1 used was M to 10° M. The volume of electrolyte used
in each experiment was 100 mL.

2.2. Synthesis of inhibitors

To a solution of 5-[1-phenyl-3-methyl-5-oxo-pyrazbllidene]-1.7-dimethyl-3-phénylpyrano[2,3-c]pycie
(0.0025 mole) in n-butanol (60 mL) and was adde@(® mole) of dithiodianiline. The resulting reactimixture
was stirred at refluxed for 72 h and major produes precipitate in n-butanol, was obtained in #&y&5% and
recrystallized from dichloromethane (M.p 434-4363Cheme 2
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Scheme 2: Synthesis of (42)-4-(2H-1,4-benzothiaz8{4H)-ylidene)-5-methyl-2-phenyl-2,4-dihydro-3H-pyazol-3-one (P1)

The analytical and spectroscopic data are confayrtonthe structure of compound (42)-4-(2H-1,4-behiezin-
3(4H)-ylidene)-5-methyl-2-phenyl-2,4-dihydro-3H-@ayol-3-ongP1) formed.

(P1)Yield = 65%;M.p. 434-436 K;RMN1H (DMSO-d6) 8 ppm : 2.5 (s, 3 H, Ch), 3.4 (s, 2H, S-Cb), 7.36-8.09
(m, 7H, CHar);RMN13C (DMSO-d6) 5 ppm : 12.99 (CH), 37.854 (CH), 163.59 (C=0), 159.617 ; 155.514,
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152.647 ; 134.266, 133.801, 104.937 (Cq), 129.928,307 ; 126.540 ; 125.527 ;124.814 ; 122.3352, 1162 (CH
ar).

2.3. Experimental techniques

2.3.1. Weight loss measurements

Coupons were cut into 1.5x 1.5 x 0.05°alimensions having composition (0.09 % P, 0.01 %0488 % Si, 0.05 %
Mn, 0.21 % C, 0.05 % S and Fe balance) used faghtddss measurements. Prior to all measuremédmgxposed
area was mechanically abraded with 180, 400, 8000,11200 grades of emery papers. The specimengaateed
thoroughly with bidistilled water degreased andedrivith ethanol. Gravimetric measurements are eduout in a
double walled glass cell equipped with a thermestatooling condenser. The solution volume is 106. cthe
immersion time for the weight loss is 6 h at (30BKL In order to get good reproducibility, experime were
carried out in duplicate. The average weight loss wbtained. The corrosion rat@ (s calculated using the
following equation:

v=W/St (1)

Where W is the average weight loss, S the total,ared t is immersion time. With the corrosion redkulated, the
inhibition efficiency (Ew) is determined as follows

27 X100 (2
Vo

Ewblqg =

WhereV, andV are the values of corrosion rate without and withibitor, respectively.

2.3.2. Electrochemical tests

The electrochemical study was carried out usingotermiostat PGZ100 piloted by Voltamaster soft-warhis

potentiostat is connected to a cell with threetebele thermostats with double wall. A saturatedcw! electrode
(SCE) and platinum electrode were used as referandeauxiliary electrodes, respectively. Anodic aathodic
potentiodynamic polarization curves were plotted ablarization scan rate of 0.5mV/s. Before aflerikments, the
potential was stabilized at free potential duri®gn3in. The polarisation curves are obtained fror@G-81Vv to —200
mV at 308 K. The solution test is there after deatezl by bubbling nitrogen. Inhibition efficienci[{%) is defined
as Equation3, where icorr(0) and icorr(inh) repn¢esmrrosion current density values without andhwithibitor,

respectively.

icor(0)—icor(inh)

icorld)

Epl = x100 (3)

The electrochemical impedance spectroscopy (ElSismrements are carried out with the electrochersigstem,
which included a digital potentiostat model VoltaBGZ100 computer at Ecorr after immersion in sofutvithout
bubbling. After the determination of steady-staterent at a corrosion potential, sine wave voltéidemV) peak to
peak, at frequencies between 100 kHz and 10 mH=@perimposed on the rest potential. Computer progr
automatically controlled the measurements perforaterkst potentials after 0.5 hour of exposure(& B. The
impedance diagrams are given in the Nyquist reptatien. Inhibition efficiency (B20) is estimated using the
relation 4, where ) and Rt(inh) are the charge transfer resistaatiges in the absence and presence of inhibitor,
respectively:

Rrlinh)—Rt(0)

ER% = — o

x100  (4)

2.4. Computational Details

All quantum chemical study was carried out using Brensity Functional Theory (DFT) with hybrid fuional

B3LYP, based on Becke's three-parameter faneti including Hartree—Fock exchange contributieith a

nonlocal correction for the exchange potenti@oposed by Becke [39-40] together with tlomlacal

correction for the correlation energy providgdLee et al. [41]. Since electrochemical rosion takes place
in liquid phase, and for a better approadhthe experimental results, we used the Selsatent Reaction
Field (SCRF) theory [40], with Tomasi’s Poladz€ontinuum Model (PCM) [42], to include theffect of

solvent in the computations. This approach nm®tied solvent as a continuum of uniform dielectonstant £)

and defines the cavity where the solute is placea @niform series of interlocking atomic spheres.
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The quantum chemical investigations were used @& for good theoretical parameters to be correlatgld the
inhibitive performance of the studied benzothiaziyeazole derivatives. To do so, some of molecplaperties,
describing the global reactivity such as: thergp of the Highest Occupied Molecular Orbitdtyduo), the
energy of the Lowest Unoccupied Molecular @bi(Eymo), the energy gap AE=E yumo-Enomo), the
electrical dipole momentyp), the lonization Potential (IP), the Electraffinity (EA), the electronegativityy)
and the global hardness)(were calculated. Other parameters describingldlcal selectivity of the studied
molecules such as the local natural populationstb@d-ukui functions were also considered. In otderestimate
some of the previous descriptors, the Koomhaheorem was used [43] to relate the HOM®@ LUMO
energies to the IP and EA, respectively:

IP = -Romo (%)

EA = -Bumo (6)

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

7
IP + EA ")
=— ®)
IP2 EA
2

RESULTS AND DISCUSSION

3.1. Electrochemical measurements

3.1.1. Potentiodynamic polarization studies

Figure 1 shows the typical potentiodynamic polarmacurves of mild steel in 1 M HCI solution inetlpresence
and absence of different concentration of P1 aK3@& can be seen from the figure after additiorindfibitor a
decrease in both cathodic and anodic currents Wwasreed, suggesting that the presence of P1 recamedic
dissolution and also retarded the hydrogen evalutéaction [44-45]. Table 1 shows the electrochahgorrosion
kinetic parameters, i.e. corrosion potential,(J cathodic and anodic Tafel slopgk,(Ba) and corrosion current
density (L,,) Obtained from the Tafel extrapolation of the piziation curves. Table 1 also included percentage
inhibition efficiency (E%).

Table 1. Electrochemical parameters of mild steehi1M HCI solution without and with P1 at different concentrations

Inhibitor Concentration (M) ( m-VE/CSm(r:E) u ng;nz) u A-?ccmz) (E/E)
1M HCI - 464 1386 184 --
10° 452 239 159 81

Inhibitor (P1) 10° 454 206 173 | 83
10* 459 198 174 85

10° 453 157 184 88

Figure 1 shows the potentiodynamic polarizatiorvearof mild steel 1M HCI in the absence and thagqmee of P1
these potentiodynamic polarization curves illugtriitat the presence of our product caused a deciedmth the
anodic Tafel and cathodic slope, with a decreasee moonounced in the cathodic branch, demonstratiagthis
product acts as a mixed inhibitor type with essdigticathodic characteristics.

These results can be explained by the adsorptiargznic compounds present in the solution of 1M HiCthe

active sites of the electrode surface. While Tdbkhows that the corrosion current density, decreased in the
presence of the inhibitor.
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Figure 1. Potentiodynamic polarization curves of nid steel in 1M HClI in the presence of different cocentrations of (42)-4-(2H-1,4-
benzothiazin-3(4H)-ylidene)-5-methyl-2-phenyl-2,4-ithydro-3H-pyrazol-3-one (P1)

3.1.2. Electrochemical Impedance measurements

The impedance measurements were carried out afieersion for 30 min in 1 M HCI solutions in abserzrel
presence of different concentration of (42)-4-(2HM-bhenzothiazin-3(4H)-ylidene)-5-methyl-2-phenyé-2lihydro-
3H-pyrazol-3-ondP1). Figure 2 shows typical Nyquist plots for miléskin 1 M HCI in the absence and presence
of studied inhibitor at 308K.

The Nyquist plots show a depressed capacitive ioadjhe high frequency (HF). The HF capacitive lozan be
attributed to the charge transfer reaction and tooestant of the electric double layer and to thefase
inhomogeneity of structural or interfacial origsuch as those found in adsorption processes [46-47]
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Figure 2. Electrochemical impedance curves of mildteel in 1M HCI without and with different concentrations of (42)-4-(2H-1,4-
benzothiazin-3(4H)-ylidene)-5-methyl-2-phenyl-2,4-thydro-3H-pyrazol-3-one (P1)

It was clear that the values Bf; charge transfer resistance has been increasetti@odpacityCy values decreased
with increasing concentration of inhibitor incred$g, charge transfer resistance is associated witlstesyslower
corrosion.
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Table 2. Impedance parameters and inhibition effi@ncy values for mild steel after 1/2 h immersion pid in 1 M HCI containing
different concentrations of (42)-4-(2H-1,4-benzottazin-3(4H)-ylidene)-5-methyl-2-phenyl-2,4-dihydro-8i-pyrazol-3-one (P1) at 308 K

" Concentration R Ca Ert
Inhibitor (M) (@Q.cn?) | (uF.cn) | (%)
1M HCI - 14.57 200 -

10° 81 63.65 | 82

o 10° 161 39.29 90
Inhibitor (P1) 107 225 35.85 93
10° 250 32.06 94

Improving the corrosion resistance of mild steehda@id medium results in an increase in charge fieamesistance
values could be attributed to adsorption of thdahbibbr to the acid-steel interface, which effectivélocked the
active sites on the surface of the mild steel dmetefore the reduction dfy values with an increase in the
concentration of the inhibitor, suggesting that thiekness of the protective layer increases wilrdasing the
constant local dielectric [48-50]. Increasing tHiiceency of inhibition with increased concentratiof the inhibitor
promotes increasingly cover the surface of the stigel with the inhibitor concentrations.

3.2. Weight loss measurements

3.2.1. Effect of inhibitor concentration on corroson of mild steel

The effect of addition of P1 at various concentragi on the mild steel corrosion in 1 M HCI solutierstudied by
weight loss measurements at 308K after 6 h immersgmmetimes the highest concentration is limitgdthe
solubility of the compound. The values of inhibiti@fficiencies (%) and corrosion ratesv] obtained from
weight loss measurements for P1 at different camagons in 1 M HCI are listed in Table 3. It isufud that
inhibition efficiency increases with increasing ititor concentration, while corrosion rate decrsasith inhibitor
concentration.

The inhibition of mild steel corrosion can be &tiied to the adsorption of the inhibitor at the drsteel/acid
solution interface. (42)-4-(2H-1,4-benzothiazin-Bjdylidene)-5-methyl-2-phenyl-2,4-dihydro-3H-pyraone
(P1) is good inhibitor showing more than 92% inhibitiefficiency at 16 M concentration. Good performance of
(42)-4-(2H-1,4-benzothiazin-3(4H)-ylidene)-5-mettddohenyl-2,4-dihydro-3H-pyrazol-3-onéP1l) as corrosion
inhibitors for mild steel in 1 M HCI solutions méw due to the presence of aromatic rings and heteras in their
structures [51].

Percentage inhibition efficiencies obtained fromighe loss measurements are comparable and runlgdanath
those obtained from potentiodynamic polarizatiod eampedance measurements

Table 3. Corrosion parameters obtained from weightoss measurements for mild steel in 1 M HCI containg various concentrations of
(42)-4-(2H-1,4-benzothiazin-3(4H)-ylidene)-5-methyR-phenyl-2,4-dihydro-3H-pyrazol-3-one (P1) at 30&

. . Weorr Ew
Inhibitor Concentration (M) (mg.cmi2h?) | (%) 0
HCI 1M - 0.82 -] -
10° 0.12 84 | 0.84
o 10° 0.09 88 | 0.88
Inhibitor (P1) 107 0.06 91| 0.91
10° 0.05 94| 0.94

3.2.2. Adsorption Isotherm

It is well recognised that the first step in inlidoh of metallic corrosion is the adsorption of anic inhibitor
molecules at the metal/solution interface and thatadsorption depends on the molecule’s chemamposition,
the temperature and the electrochemical potentideametal/solution interface. In fact, the solvelpO molecules
could also adsorb at metal/solution interface.

So the adsorption of organic inhibitor moleculemnirthe aqueous solution can be regarded as a sulastitution
process between the organic compounds in the agu#se [Org,)] and water molecules at the electrode surface
[Hzo(adsi [52]

Orgsol + XHoOags) «—>»  Ofghis) + XH:O(soy

Where x is the size ratio, that is, the number afewmolecules replaced by one organic inhibit@siB information
on the interaction between the inhibitor and thédreteel surface can be provided by the adsorpsiotherm. In
order to obtain the isotherm, the linear relatiebneen degree of surface covera@jev@lues § = E%/100; Table 4)
and inhibitor concentration ({) must be found. Attempts were made to fit thevalues to various isotherms
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including Langmuir, Temkin, Frumkin and Flory—Huggi By far the best fit is obtained with the Langmu
isotherm. This model has also been used for ottéitor systems [53-54].

According to this isothernd), is related to ¢, by:
C
— =  —+C ©)
6

Where K,gsdenotes the equilibrium constant for the adsongpimcess.
Figure 3shows the plots of /6 versus G, and the expected linear relationship is obtaimedfi compounds.

The strong correlations {R= 0.999 for the compound P1 confirm the validifytliis approach. The slopes of the
straight lines are 0.904 for P1, suggesting thaodzed inhibitor molecules form monolayer on thddnsiteel
surface and there is no interaction among the adslanhibitor molecules.

The value of K4 obtained from the Langmuir adsorption isotherri7.@l 18 M™ together with the values of the
Gibbs free energy of adsorptioG°,4scalculated from the equation:

0

AG’ads ) (10)

=——exp(-
58.55 e RT

Where R is the universal gas constant, T the théymamic temperature and the value of 55.5 is tine@atration
of water in the solution[55].

The high values of lgsfor studied P1 indicate stronger adsorption onrtiild steel surface in 1 M HCI solution.
This can be explained by the presence of hetenysatandr-electrons in the inhibitor molecules. The highee t
Kags is (7.01 16 M™), the stronger and more stable adsorbed layeorigifig, which increases the inhibition
efficiency [56].

These data support the good performance (42)-442Hbenzothiazin-3(4H)-ylidene)-5-methyl-2-phenyd2
dihydro-3H-pyrazol-3-on€P1) as corrosion inhibitor for mild steel in 1 M HClh& negative values afG°.qs
calculated from Eq.(10), are consistent with thensaneity of the adsorption process and the stabilf the
adsorbed layer on the carbon steel surface. Géyethe energy values of -20 kJ robr less negative are
associated with an electrostatic interaction betwelegarged molecules and charged metal surface jgoington;
those of -40 kJ md! or more negative involve charge sharing or trembm the inhibitor molecules to the metal
surface to form a coordinate covalent bond, chemtim [57]. In present study, theG°,4s values obtained for the
(42)-4-(2H-1,4-benzothiazin-3(4H)-ylidene)-5-mettddpohenyl-2,4-dihydro-3H-pyrazol-3-or{1) on mild steel in

1 M HCI solution is 44.73 kJ mdl Therefore, it is concluded that chemical interawishould be dominant for the
adsorption of the P1 molecules on the mild stegasa [58].
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Figure 3. Langmuir adsorption isotherms for P1 at 88K at different concentration in 1 M HCI, obtainedfrom weight loss data
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3.3. Molecular geometries

The quantum chemical calculations are performedromtel (R) core (TM)Quad CPU (2.4 GHz and 8 GB RAM)
computer using standard Gaussian-09 software pacl). The geometries of the pyridine-pyrazoleidsives
considered in this work are fully optimized, dut any symmetry constraint at DFT level bkdry using a
B3LYP functional together with 6-31G(d,p) basiet in gaseous phase. Besides, for a betteoagpof the
experimental parameters, the geometries are imigptl in aqueous phase at the same lef/eth@ory using
PCM model. The final optimized geometries areegivn Figure 4 and the geometrical parameters gatue

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
aqueous, A phases

Angle Phase Value
[C1C22Ngg] ,CA\; 11 22 :(L) gg;f f
[CaN1sN1g] ,CA\; 111135?8324?65

[C.C1CNsg] E\; -822?5(1);2
[CCNidNid oo opg00

After the analysis of the theoretical results atedi, we can say that the molecB2have a planar structure. In fact,
the benzothiazine, pyrazol and benzene rings aca perpendicular to each other.

"

Figure 4. O_ptimized molecular structures and bondéngths of the studied inhibitors calculated in gaéblue) and aqueous (red) phases at
B3LYP/6-31G(d,p) level

phase TE EHOMO ELUMO AE 8% IP EA H H
(eVv) (eVv) (eV) (eV) (D) (ev) | (eV) (eV) (eV)
Gas -36261.0| -6.1758 -0.0068 6.1695 5.86/6 6.1758 @006.0911| 3.0847
Aqueous | -36261.4| -5.532§ -1.8304 3.7014 8.86p0 5.5328 H.833.6816| 1.8517

» 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 obice are the condensed Fukui functions on atom$ [Bloese
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 functiohsa system of N electrons, we perform a single npoi
calculation of the anionic (N+1) and the ecait (N-1) species by using the neutral optadi geometry, at
the same level of theory. The condensed Fukoctfons are then computed using the finite-differen

approximation as follow:
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fii" = Pi(N+1) - P(N)
fik = Pi(N) - P(N+1)

0 Pk(N+1) - Pk(N-l)
2

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

Table 5 and 6 displays the most relevant valuethefnatural population (P(N), P(N-1) and P(N+1)jhwithe
corresponding values of the Fukui functiodig, (fc and f°) of the studied inhibitors. The calculatedues
of the " for all inhibitors are mostly localized on the pygole and benzothiazine ring, namely,NC1, Cr, Coo
and 3, indicating that the pyrazole and benzothiazimey nwill probably be the favorite site for nucleoiahi
attacks.

The results also show that,Oatoms are suitable sites to undergo both nucléophind electrophilic attacks,
probably allowing them to adsorb easily and strgmgl the mild steel surface.

Table 5. Pertinent natural populations and Fukui functions of the studied inhibitors calcula¢d at B3LYP/6-31G(d,p) in gas (G)

phase

Atom | Phase] N(K) [N(K+1) | N(K-1) | £} fi i

Nis G | 7,2560] 7,2614 7,1814 0,0059,0746| 0,400
Nie G | 7,2719] 7,3774 7,2364 0,1059,0355| 0,0707
Ox G | 86541] 8,7144 8,5205 0,06pD,1336| 0,0964
[ G | 56849| 5,866 5,6648 0,188,0201| 0,1004
Cac G | 6,2177] 6,3084 6,193 0,099,0240| 0,057¢
Sa G | 15,3389 15,7507| 15,5916( 0,4118] -0,2527( 0,0796

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] N(K) [N(K+1) | N(K-1) | f* fi f0

Nie A [72640] 7,2665 7,1525 0,0028,1115| 0,0570
Nie A | 7,3105] 7,3909] 7,2260 0,08049,0845| 0,0824
Oxn A [8,6704] 8,7499 8,5284 0,0799,1419]0,1107
[ A | 56700] 5,8537] 5,6207 0,188D,0493|0,1165
Cac A [6,23914] 6,2908 | 6,205060,0517( 0,0341] 0,0429
S A [15,7001] 15,8784 15,6521 0,1784] 0,0480] 0,1132

‘@

HOMO (G) LUMO (G)
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Figure 5. 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 (42)-4-(2H-1,4-benzothiazin-3(4H)-ylidene)-54mgd-2-phenyl-2,4-dihydro-3H-pyrazol-3-onéP1) show
good inhibition properties for the corrosion of dndteel in 1 M HCI solutions and the inhibitionieincy increases
with increasing the concentration of the inhibitor.

s Tafel polarization measurements show that (42)H-124-benzothiazin-3(4H)-ylidene)-5-methyl-2-pheidyil-
dihydro-3H-pyrazol-3-on€P1) is mixed-type inhibitor. Based on the propertiesnopedance diagrams (EIS), one
equivalent structure model was selected which cbutte experimental data very well.

+The inhibiting efficiencies obtained by polarizatj&|lS and weight loss measurements are in goazkaggnt.

+« The adsorption of (42)-4-(2H-1,4-benzothiazin-3j4idene)-5-methyl-2-phenyl-2,4-dihydro-3H-pyrazdlone
(P1) on the mild steel/1 M HCI interface obeys the Lang adsorption isotherm model.

+The negative sign of thaG°,ys indicate that the adsorption of (42)-4-(2H-1,4-bathiazin-3(4H)-ylidene)-5-
methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-ofe1) on the mild steel surface in 1 M HCI is spontargedturther
the adsorption ofP1) on mild steel surface is chemisorption type.

¢ Structural and electronic parameters from the twmanchemical calculations are correlated well te th
experimentally obtained inhibition efficiencies.
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