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Abstract

An aromatic hydrazone derivative; namely (E)-1-{Baienzylidene)-2-(p-tolyl)hydrazine
(E-NBPTH) has been synthesized by condensation of an aimmalrazine with an aromatic
aldehyde in methanol at reflux. The molecular dtrrecof E-NBPTH has been identified and
analyzed by spectroscopic methods such as UV-®s,'f NMR and **C NMR. The
corrosion inhibition behavior of the prepared malecin 0.5M HSO, was investigated by
gravimetric, electrochemical and theoretical methd@ktcording to the polarization study, the
E-NBPTH acts as a mixed type of inhibitor. The adsorptob&-NBPTH on the iron surface
follows the Langmuir isotherm. The optimized molecustructure and some quantum
chemical parameters of the synthesized compound baen calculated using the density
functional method (DFT). The results obtained frtdmeoretical study are well support the

experimental results.
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1. Introduction

Hydrazone derivatives are an important and higlelyva class of organic molecules, which
are offer a wide range of applications such asdéhelopment of new anti-corrosiagents
[1-3] and anti-cancer drugs 4]. The high activity of hydrazones may be relatedhe

presence of the\N and C=N bonds in their molecular structures.

Since long time, corrosion is considered a majobl@m in the industrial field and it causes
losses of millions of dollars annually. To thisesff, several techniques were developed and
employed to remedy this problem, especially, the ok the organic inhibitors which is
considered one of the most applied and effectiglertigues [8, 9]. Recently, many researches
in the corrosion fielgprove that several hydrazones and their derivaiveseported as useful
corrosion inhibitors for diverse metals and allaysvarious media [10—14]. In this context
several works have been published involving theetiggment of the synthetic methods of

these molecules in order to improve their yields-[iI7].

Generally, the inhibition activity of the organithibitors is related to the presencealifferent
heteroatoms and aromatic rings in their molecutaucture [18]. In the other hand, this
activity is associated to the physicochemical aletteonic characteristics of the inhibitor
molecule [19, 20]. During the past 20 years, thanjum chemical calculations using DFT
method are become an effective approach to determioorrelation between the corrosion
inhibitory efficiency and some quantum chemical goaeters [21-24]. Also, the DFT
calculations are extensively used to study theowaribiological activities of the bioactive
molecules [2527]. Additionally, molecular dynamics simulatioDS) are widely utilized

in the corrosion inhibition studies in order to quehend the interactions between inhibitor
molecules and metallic surfaces 34].

In the present work, we interest on the synthesd spectroscopic analysis of an aromatic
hydrazone derivative namely; namely (E)-1-(3-nigobylidene)-2-(p-tolyl)hydrazineE¢
NBPTH). On the other hand, the anti-corrosive activityhe synthesized molecule has been
evaluated in sulfuric acid medium using gravimetneeasurements, potentiodynamic
polarization curves and electrochemical impedampeetsoscopy (EIS). The influence of the
immersion time and temperature on the inhibitidicefncy of the synthesized molecule has
been investigated. Additionally, the DFT calculagovere effected to correlate experimental
results. Also, the molecular dynamics simulatioMdDE) were applied to study the
interactions between inhibitor molecule and th¢12&) surface.



2. Experimental
2.1. Materials and reagents

All the reagents used for the hydrazone derivaiyathesis and the sulfuric acid (98%)
employed in corrosion study were purchased froom&id\ldrich and used without further
purification. Moreover, in the corrosion experingemihe employed specimens and working
electrode were prepared from XC48 carbon steel #iehfollowing chemical composition
(Wt.%): C(%)= 0.418, Mn(%)= 0.730, Mo(%) = 0.0129%)= 0.016, S(%)= 0.019, Si(%)=
0.245, Ni(%)= 0.079, F(%)= 0.777 and Fe(%)= 98.(8Before each corrosion test the
surface of carbon steel was successively cleanddvwarious grades of SiC abrasive papers,

washed with bi-distilled water and dried.
2.2. Spectroscopic details

The UV-Vis spectrum of the synthesized compoundmyasn DMSO solution on a Jasco V-
650 UV-Vis spectrometer in the region of 190-900. mtso, the FT-IR spectrum of the
synthesized molecule was realized in solid state@n temperature using the JASCO 4000
FTIR spectrometer and the measured vibrationali#aqgies are recorded in the range of 600—
4000 cm'. In addition, the NMR spectra were obtained onrakBr Advance 300 NMR
spectrometer operating at 300 MHz fof NMR and**C NMR in CDC} as a solvent.

2.3. Synthesis of the studied hydrazone

The studied hydrazone derivative; namely (E)-14i(8henzylidene)-2-(p-tolyl)hydrazind=¢

NBPTH), was synthesized by the condensation of (4-mpkgylyl)hydrazine (0.1247 g, 1
mmol) with 3-nitrobenzaldehyde (0.1527 g, 1 mmaifler methanol reflux for 4 h (Fig. 1).
The formed yellow precipitate was filtered, washeth methanol and dried. The obtained
final product is a pure yellow powder which is paEbslater to the spectroscopic

characterization.
2.4. Corrosion inhibition tests
2.4.1. Weight loss tests

All the carbon steel specimens used in weight tests are cylindrical forms of 9.43 Erof
area. Firstly, all specimens were weighed befoeeitimersion in the tested solutions. Then,
each specimen was immersed at constant tempematdi®V H,SO, solutions in absence and
in presence of various concentrationE6BNBPTH for an immersion time of 24h. After the

expiration of the immersion time the specimens wemiperated from the tested solutions
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rinsed with bi-distilled water and dried at roormgerature. Finally, the dried specimens
were weighed for a second time and the obtaineds makies were used to calculate the
corrosion rate4.,.r), surface coverag®) and inhibition efficiency Ky (%)), employing the

following equations:

AW Wi-W,

Acorr = Sxt Sxt 1)
_ Agorr_Acorr
0 B Agorr (2)
E 0 _ AgOI‘I‘_ACOI‘I‘ 100
W( /0) - A0 X (3)

corr

where:

W;: The mass of specimen before immersion in thedesikition.
W,: The mass of specimen after immersion in the testadion.
S: The surface area of the specimen.

t: The immersion time of each test.

A%, : The corrosion rate in the absenc&dfBPTH.

A.orr - The corrosion rate in the presenc&efiBPTH.

2.4.2. Electrochemical tests

A conventional cell containing three-electrode egstwas applied to realize all the
electrochemical measurements. In these tests)dle garbon is used as auxiliary electrode, a
saturated calomel electrode (SCE) was employe@fasence electrode and a XC48 carbon
steel was used as working electrode. An electroatednwvorkstation PGZ 310 Voltalab40
was used to realize all the electrochemical teSiso, the Voltamaster 4 standard software
was utilized to plot the obtained experimental ddtae employed potential range for the
potentiodynamic polarization tests is varied fro806 to —200 (mV/SCE) and the applying
scan rate is 0.5 mV's From the obtained polarization data we can cateuthe inhibition
efficiency €, (%)) by applying the following formula [32]:

E, (%) = <icorr(mh)—i‘éorr) % 100 4)

icorr(inh)

wherei.,.+ andicon(nn) indicate the corrosion current densities in theealbe and presence of
E-NBPTH, respectively.



In this study, to realize the electrochemical imgrezk spectroscopy (EIS) tests, we chose the
amplitude signal perturbation of 5 mV AC sine warel varying the frequency region from
100 kHz to 10 mHz. From the obtained EIS data we ditermine the inhibition efficiency
(E; (%)) by employing the following formula [32]:

E,(%) = (%) x 100 (5)

whereR, and R, indicate the charge transfer resistances in ttserat® and presende

NBPTH, respectively.
2.5. DFT calculations and MDS details
2.5.1. DFT calculations

The Gaussian 09W program package was used to pedibquantum chemical calculations
[33]. The molecular structure &-NBPTH was geometrically optimized employing DFT
method with B3LYP hybrid functional at 6-31G (djmgsis set [34, 35]. Also, at the optimal
structure of E-NBPTH, the vibrational frequencies have been calculatethgughe
DFT/B3LYP method with 6-31G (d,p) basis set. Morothe quantum chemical parameters
such as the energy gapHgap), dipole momentumy), global hardnessy), global softness
(o), absolute electronegativityy)( electrophilicity index &) and fraction of transferred
electrons AN) are determined using the calculated values ohtgkest occupied molecular
orbital energy Enomo) and lowest unoccupied molecular orbital enerByuo). All the

precedent parameters are calculated using theniodpequations [36, 37]:

AEgap = Erymo — Enomo (6)
E -E
T’ — LUMO2 HOMO (7)
1
o= (8)
_ —(Eromo+ELuMO) (9)
- 2
_x
w=L (10)
AN = XFe— Xinh (11)

[2(MFe+ Ninn)]

where:

xre @ndyinn represent the absolute electronegativity of inod EB-NBPTH, respectively.



re @andyinn represent the absolute hardness of ironENBPTH, respectively.

Generally, we use the theoretical valueggf 7.0 eV andye. = O to calculate the fraction of
transferred electrons [38].

2.5.1. MDS details

In this study, the molecular dynamics simulatioMDE) have been realized by using the
Materials Studio 7.0 software [39]. Firstly, the(EED) surface was chosen to simulate the
adsorption ofE-NBPTH on the iron surface. Moreover, the selected dimassof the
simulation box are (17.20 A x 22.93 A x 22.93 Ajnpoying the periodic boundary
conditions. Also, this simulation box includes tRe slab, the water slab containiig
NBPTH molecule and a vacuum slab. Then, the moleculamgéy of E-NBPTH and the
Fe(110) surface are optimized by minimization oérgy. Finally, the COMPASS force field
model was applied to perform the MDS at 298K, N\fiB@mble and using a time step of 0.1

fs with a simulation period of 50 ps.
3. Resultsand discussion
3.1. Spectral analysis

The examination of the obtained UV-vis spectrunieefiBPTH recorded in DMSO at room

temperature indicates the presence of an absorp#iods in ultraviolet domain. The spectrum
of E-NBPTH shows band at 364.48 nm attributed tenf transitions produced by the imine
group (C=N) of the synthesized hydrazone. Moreotee, band situated at 304.75 nm is

attributed to ron* transitions originated by the nitro group (BO

The inspection of the experimental and theoretinfiared spectra oE-NBPTH allows
selecting the vibration frequencies of the charastie functional groups dE-NBPTH (Table

1). In addition, we used a scaling factor of 0.9&d4cale the calculated frequencies [40].
Consequently, we observe that the scaling theatdtiequencies are in good accordance with
the experimental frequencies (Fig. 2). So, the yamalof the obtained IR experimental
spectrum shows the presence of the following cheargtic peaks:

The observed peak at 3307 ‘troould be attributed the-NH stretching vibration. A weak
peak appeared at 3079 ¢ran be referred to the stretching vibration ofeatic G-H bonds.
Moreover, the less intense broad peak appeare®&g ém' is assigned to the stretching
vibration of aliphatic €H bonds. The presence of peaks within the range665-2000 cnit

is mostly due to the bending vibration of the arosm&-H bond (overtone patterns). The



characteristic peak of the synthesized hydrazorabserved as a very intense peak at 1521
cm®, which is assigned to the stretching vibratiorthaf imine group (C=N). In addition, the
stretching vibration of the aromatic nitro group<NO,) was appeared as an intense peak at
1349 cm'. The peaks with medium intensities obtained withia region 1200-1290 ¢hran

be referred to the stretching vibration of KL band. The detected peaks in the region 1020-
1180 cni* could be assigned to the stretching vibration efkN bond. The peak appeared
at 914 crif can be referred to theXD bond vibration. The intense thin peak locate81d
cm* may be due to €N band vibration. The peak situated at 734*amay be attributed to
the out of plane bending vibrations ofl€ group. Additionally, the NH out of plane bending

vibrations were also observed at 674cm

The examination of the obtaind#i NMR spectrum for the synthesized molecule allows
determining the main characteristic signals, sugkha singular signal appeared at 2.33 ppm
is attributed to the three protons-6€Hz group. Also, the characteristic aromatic protons (
CHar) are assigned to the signals observed in the@megi 7.05-8.12 ppm. Moreover, the
observed singular signal at 8.43 ppm may be refdoehe proton of NH group. The proton

of aliphatic =G4— group is appeared as a singular signal at 7.67. @m the other hand, the
interpretation of the’*C NMR spectrum ofE-NBPTH indicates the presence of the
characteristic signals of the carbons present snmblecular structure. For example, the
observed signal at 20.65 ppm is attributed to #wmbdan of—CHs; group. The signal of the
carbon of imine group-C=N) is appeared at 141.64 ppm. The aromatic carblated to the
nitro group<Car—NO,) is observed at 148.72 ppm. The other aromatibaresr signals are
observed in the zone of 113.04-137pf8n.

3.2. Anti-corrosive activity
3.2.1. Weight loss tests

Table 2 summarizes the obtained results from wedagd tests, such as mass loss, corrosion
rate, surface coverage rate and inhibition efficyeim the absence and in the presenck-of
NBPTH at different concentrations. From the presentsdltg in Table 2 and Fig. 3(a), we
can observe that the mass loss and the corrogiemearease by increasing the concentration
of E-NBPTH while the recovery rate and the inhibition effrodg increase by augmentation
the concentration of the investigated molecule.sThehavior can be attributed to the
formation of a protective layer of the-NBPTH molecules on the metallic surface and
therefore retarding the attack of the carbon stedhce by sulfuric acid.



In addition, the obtained results of the effectterhperature on the corrosion rate and the
inhibition efficiency are regrouped in Table 3 gmésented by Fig. 3(b). So, we can be seen
that the corrosion rate increases by increasindetmperature while the inhibition efficiency
decreases by increasing of the temperature. Theagrhenon is due to exothermicity of the
adsorption process of tHe-NBPTH molecules on the iron surface, this proves witheut
doubt that the protection mechanism occurs thrabghadsorption oE-NBPTH on the iron

surface.
3.2.2. Activation energy

Generally, the Arrhenius plots are used to detegrtiie activation energ¥ef) by plotting the
variation of the logarithm of the corrosion rateaainction of the inverse of the temperature
in absence and in presence of an inhibitor. In shigly, the following relations are used to
plot the Arrhenius lines in the absence and irpifesence oE-NBPTH at 10°M [41]:

n (%) = In (k) + (=) (12)
In (Acorr) = In (k) + (%) (13)
where :

A% .. andA,,,, : are the corrosion rates in the absence anderpthsence oE-NBPTH,

respectively.

k" andk : are the Arrheniugre-exponential constants in the absence and iprés=nce oE-
NBPTH, respectively.

E, andE, : are the activation energi@s the absence and in the presenceE6fiIBPTH,

respectively (J mold.
R: is the gas constant (8.314 J mbl¢).

T : is the temperature (K).

Fig. 4 shows that the obtained Arrhenius plotskisemce and in presence ©BINBPTH are
good straight lines. From the slopes of theseg@itdines we can determine the values of the
activation energy in absenceé (= 17.179 kJ/mol) and in presence of the investigated
inhibitor at 10°M (E, = 43.05 kJ/mol). We observe that the obtained value of the alitina
energyin the presence oE-NBPTH is higher than that obtained in the absenceEof
NBPTH, which indicates the inhibiting behavior of thengyesized inhibitor. Consequently,



for this type of inhibitors the elevation of tematire after the addition of the inhibitor to the

corrosive medium decreases the inhibition efficjenc
3.2.3. Checking of the adsorption isotherm

The adsorption isotherms are largely used to exi@ithe mechanism of corrosion inhibitors
by determination of the interactions nature betweéibiting molecules and metallic atoms.
Generally, according on the type of these inteoasti we can distinguish two types of
adsorption: physisorption and chemisorption. In case, the inhibitive action &-NBPTH
may be related to the adsorption of its moleculeshe carbon steel surface and forming a

protective layer.

In this context, to test the adsorption isotherntofeed by our system, we plot the linear
regression of the graphic relation betwé&& andC at 25°C (Fig. 5). Fig. 5 shows that a
good straight line was obtained with a correlatemefficient almost equal to 1 (0.99989),
indicating that the adsorption BENBPTH follows Langmuir adsorption isotherm (Eg. (14)).
Also, this result indicates the formation of a mdager of E-NBPTH molecules on the iron
surface without lateral interactions between theodoked molecules.

Cc 1
0 Kom +C (14)

where C and Kyg4s are theE-NBPTH concentration (M) and the adsorption equilibrium
constant (M%). TheKagsvalue can be determined from the intercept lineherC/0 axis. The
high value 0fKags(Kats=14.149 16 M) indicates a strong interactions between the &easbr
molecules and the iron surface [42], which arelatted to the presence of some heteroatoms
(O and N) in the molecular structure BfINBPTH. On the other hand, the obtained value of
KadsiS used to calculate the standard free energgsdration AG.y,) by using the following

relation:
AGY,;s = —RTIn(55.5K,4,) (15)

whereR indicates the gas constant (8.314 3 dol™"), T represent the absolute temperature

(K) and the value 55.5 represent the water conagoir in the solution (M).

The calculated value @G, for the adsorption oE-NBPTH on the iron surface is —39.33
kJ/mol. Generally, the negative sign &2, indicates the spontaneity of the adsorption
process oE-NBPTH onto the iron surface, which means the presenstrofig interactions
between the inhibitor molecules and the carbonl siedace [43]. In addition, the obtained
value ofAG2,, is almost equal to —40 kJ/mol, this indicates thatadsorption oE-NBPTH

9



on the carbon steel surface is made by means ahichkadsorption by formation of the

coordination and covalent bonds [44, 45].
3.2.4. Polarization curves tests

The obtained results of the concentration effedE-BPTH on the polarization curves are
summarized in Table 4 and presented in Fig. 6. Rientig. 6, we can see that in presence of
the E-NBPTH at different concentrations, the anodic and cathodianches of the
polarization curves are displaced towards the lenmremts with an identical degree. This
phenomenon indicates that the synthesized hydraacte as a mixed-type inhibitor by
controlling both the cathodic and anodic reactiathiout modifying the cathodic release of
hydrogen and the anodic degradation of the meté]. [Also, Table 4 shows that the
increasing of th&-NBPTH concentration decreases the obtained valuégoAccordingly,
the inhibition efficiency increases with augmerdatiof the inhibitor concentration and
reaches its maximum value at™l®, which indicates that the inhibiting power ofeth
investigated hydrazone probably associated totthadsorption on the iron surface, which is
lead to the formation of a protective barrier fil@onsequently, the corroding area on the
metal surface is reduced which leads to the dinonubf the anodic dissolution of XC48

carbon steel and to the obstruction of the cathbgitrogen liberation.
3.2.5. EIS tests

The influence of th&-NBPTH concentration on the Nyquist plot of the studiethoa steel

in 0.5M H,SQ, solution is showed in Fig. 7. Also, the electraulieal parameters determined
from the Nyquist data, such as charge transfestasie R,) double layer capacitanc€),
solution resistanceR() and inhibition efficiency E, (%)) are grouped in Table 5. From the
results presented in Fig. 7 and Table 5 we obs#rake the augmentation of the inhibitor
concentratiorincreases th&; values and decreases 1@ig values. The augmentation of the
R.: is probably related to the formation of a protestiayer on the carbon steel surface.
Further, the diminution of th€y values is probably associated to the augmentatiadhe
width of the electrical double layer, signifyingaththe E-NBPTH protect the carbon steel
against corrosion by adsorption of its moleculestton iron surface [47, 48]. On the other
hand, we clearly observe from Fig. 7 that the &llammed Nyquist plots are almost semi-
circles with similar shapes. This indicates that #adition ofE-NBPTH does not cause any
change to the corrosion mechanism [49]. In additidre diameter of the Nyquist plot
augmented with the augmentation of B®&BPTH concentration, indicating that the charge
transfer process controls the corrosion of carlteal $n the studied aggressive medium [50].

10



Also, we can note from Fig. 7 that the Nyquist dpmjre not perfect semicircles, which are
attributed to the frequency dispersion producedhieyroughness of the surface and chemical
composition of XC48 carbon steel [51].

To evaluate the inhibition power of the studiedilitor, we conducted a comparative study
of the inhibition efficiency ofE-NBPTH and some inhibitors reported in previous studies.
We observe from the Table 6 that tBeNBPTH presents the better efficiency compared to
the selected compounds obtained in previous wdtks 2, 53]. Also, the inspection of the
molecular structures of the studied inhibitor am@& three compounds selected for the
comparison (Table 6), indicates that the good itk activity of the examined inhibitor can
be related to the presence of the hydrazone gréepl{N) in the molecular structure &-
NBPTH. In addition, the presence of the N@oup can improve the inhibition efficiency of
E-NBPTH. For example, we observe that the inhibition agtiof our inhibitor is higher than

of inhibitor studied in reference [21]; this may thee to the presence of the hydrazone group

in the molecular structure &NBPTH.
3.3. Computational study

In general, the inhibition efficiency of an inhibitis associated to its electronic structure,
especially some calculated quantum chemical paemsuch as thEyomo, the E umo, the
AEgap, dipole momentum ), #, o, x, @ and AN. Also, the obtained values of these
parameters for the studied inhibitor are groupedable 7. All of these parameters were
calculated at the optimal geometry BEINBPTH (Fig. 8(a)). From the Fig. 8(a), which
represents the optimized molecular structure-8§BPTH with atomic Mulliken charges, we
observe that the most negative atoms are the N24@3), the O9 (-0.400), the O8 (-0.396)
and the N11 (-0.241), which are probably the acsite of adsorption [28]. Consequently,
these atoms (O and N atoms) can share their eteptnos with thed-orbitals of the iron

surface to form coordination bonds [54].

The chemical reactivity of the inhibitive molecukesd the interactions between them or other
species can be quantified by their frontier molacorbitals (HOMO and LUMO) and energy
gap [55]. Generally, the elevated values of Biemo are related to the electrons donor
capacity of a molecule [56], whereas the least amlaf theE yvo are associated to the
capacity of the molecule to receive electrons [3M$0, the elevated value &omo shows
the electrons transfer tendency of a molecule teu@able acceptor which assists the
adsorption of the inhibitive molecules on the iurface, whereas the low value Bfyvo
indicates an efficient adsorption process [58, 3%le Fig. 8(b) illustrates that the electron

11



density of the HOMO orbital is almost dispersedtba all molecular structure of tHe-
NBPTH, thus increasing the contribution capacity of sddhydrazone. Moreover, the
negligible HOMO density on the-ND, group is related to the high electronegativityttoes
oxygen atoms which have greater affinity to keegrtipairs of electrons. Meanwhile, Fig.
8(c) shows that the electron density allocatiol.ldMO orbital is centralized mostly on the
nitrogen atoms of the hydrazone group-f&C) and aromatic ring who wears the nitro group
(Ar—-NOy), which indicates that the nitrogen atoms may$#ha active centers for adsorption
of E-NBPTH on iron surface. Additionally, from the optimizedolecular structure oE-
NBPTH we observe that the tow aromatic rings are a plamgugated structure, which
indicates that the inhibitor molecules are adsoredhe iron surface in flat mode basing on
then back bonding [60].

Generally, to measure the stability of a molecuéenged to calculate its energy gaEéap),
which is an essential parameter that influencesréaetion of an inhibitor. AISOAEGap
describes the reactivity of the inhibitive moleaultowards the metallic surface. For the
studied inhibitor, the obtained low value&cap reveals the elevated inhibition efficiency of
E-NBPTH by improving the reactivity of the molecule, whielases the adsorption of the

investigated inhibitor on iron surface [61].

In literature, several works show that the corrosighibitive activity of an inhibitor can be
estimated by the dipole momempd(which is related to the polarity of the inhilsgi molecule
[62]. Table 7 indicates that the calculated valtithe dipole moment,n= 5.102 Debye) for
the investigated molecule is greater than that@ fy,o= 1.88 Debye), this high value pf
leads to electrons transfer from tBeNBPTH molecules to the iron surface. Also, the
interactions between tHe-NBPTH molecules and iron surface are increased witreasing

dipole moment value [63].

Global hardness and softness are two other imgogaantum parameters can be used to
estimate the reactivity and stability of the inkil@ molecules. In addition, the resistance of a
molecule against deformation or polarization ofaksctron cloud is measured by the global
hardness. Generally, a good corrosion inhibitashiaracterized by the small value of global
hardness and the elevated value of the softne$sHG¥m the Table 7, we observe clearly that
the E-NBPTH has a low value of the hardness and an elevatee w4 the softness, which
proves the high inhibition efficiency of the inviggited hydrazone. On the other hand, the
capability of an inhibitor to take electrons canilhestrated by the electrophilicity indexof

and the inhibition efficiency augments with the dhation of thew.

12



Also, the fraction of transferred electronsNj is an indication of the donating ability of
electrons from the inhibitive molecules to an ajppiate metallic surface. Therefore, the
increasing of theAN increases the electrons contribution capabilityaofinhibitor at the
metallic surface, which ameliorates its inhibit&etivity. The positive value 0N indicates
that the ability of an inhibitor to donate electsoto the metallic surface is great; while the
negative value oAN illustrates that the capability to give electréosan appropriate metal is
low [65]. From the Table 7 we observe that the ioletéh value ofAN is positive and less than
3.6. So, in accordance with the Lukovitsaétstudy [66], the corrosion inhibitive activity of
E-NBPTH is enhanced by increasing of its ability to donalectrons, which indicates the
formation of an adsorbed inhibitive layer at thenirsurface and appearance of coordinate
bonds between the inhibitive molecules and the atoms.

Generally, the active canters responsible for edetilic and nucleophilic reactions can be
determined by interpretation of the molecular etestatic potential (MEP) maps, which is
associated to the electronic density of a moledtilg. 8(d) represents the calculated 3D and
2D MEP maps oE-NBPTH. So, the examination of this figure displays ttie red and
yellow colors represent the negative zones of thEPMassociated to the electrophilic
reactions, whereas the blue color represents tlséiy®e zones related to the nucleophilic
reactions. Furthermore, the studied hydrazone diviey has four potential centers (09, O8,
N11 and N12) effective for the electrophilic reagos. Also, the aromatic rings present in the

molecular structure d-NBPTH are considered as negative zones.
3.4. Molecular dynamic simulatisMDS) study

Recently, the interactions between the inhibitivelenules and the iron surface can be
understood and interpreted by using the molecularachic simulations (MDS). Fig. 9
illustrates the equilibrium configuration &NBPTH on the Fe (110) surface in a vacuum
slab. We can observe clearly from the Fig. 9 thatBE-NBPTH adsorbs on the Fe (110)
surface with a horizontal mode between the rigidragone molecular structure and iron
surface, which confirms the strong interactionsveein theE-NBPTH and iron atoms. From
the optimized molecular structure BENBPTH, we can say that the adsorption on Fe (110)
surface is made by the involvement of the electadrexygen, nitrogen and the benzene rings
of E-NBPTH with the electrons of iron (chemical adsorptiol).addition, the physical
adsorption between tHe-NBPTH molecules and the iron surface produced by the d&an
Waals dispersion forces can also participate t@citithe inhibitive molecules towards the
iron surface [67]. The obtained value of adsorpgmergy (-133.289 kcal/mol) shows that
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the E-NBPTH has negative adsorption energy, which indicates gpentaneity of the
adsorption process. Also, the obtained high valubirding energy (133.289 kcal/mol) is
attributed to a better and more stable adsorptiongss.

4. Conclusions

An aromatic hydrazone derivativdeNBPTH) has been synthesized and its molecular
structure is analyzed by using UV-vis, Rl NMR and“*C NMR spectroscopic methods. On
the other hand, the anti-corrosive activityEeNBPTH has been evaluated for the corrosion
of the XC48 carbon steel in a 0.5 M$0, solutionby using the electrochemical methods, the
guantum chemical calculations and the molecularadyo simulations. In this context,
several conclusions were drawn. Firstly, the sysiteel hydrazone is a good inhibitor for the
protection of the XC48 carbon steel against coommsn a 0.5 M HSO, solution and the
elevation of thee-NBPTH concentration increases its inhibitive activity.dddition, thekE-
NBPTH acts as mixed inhibitor by controlling the anoditd cathodic reactions. Also, the
presence the investigated inhibitor increasesRheand reduce<y values. Also, theE-
NBPTH is chemically adsorbed on the carbon steel surfaceording the Langmuir
adsorption isotherm. The obtained valueA6f,, shows the spontaneity of the adsorption
process and strong interactions are formed betvileeninhibitor molecules and the iron
surface. Finally, the obtained experimental resalts in good agreement and are well
supported by the theoreticatudy such agjuantum chemical calculations and Molecular

dynamics simulations.
References

[1] M.N.H. Moussa, A.A. El-Far, A.A. El-Shafei, Thaese of water-soluble hydrazones as
inhibitors for the corrosion of C-steel in acidiedum, Mater. Chem. Phys. 105 (2007)105—
113.

[2] E.M. Sherif, A.H. Ahmed, Synthesizing new hyzoae derivatives and studying their
effects on the inhibition of copper corrosion irdi&on chloride solutions. Synth React Inorg
Met-Org Nano-Metal Chem 40 (2010) 365-372.

[3] N.A. Negm, S.M.l. Morsy, M.M. Said, Corrosiomhibition of some novel hydrazone
derivatives, J Surfactants Deterg 8 (2005) 95-98.

[4] N. Terzioglu, A. Gursoy, Synthesis and anti@mevaluation of some new hydrazone
derivatives of 2,6-dimethylimidazo[2,1-b][1,3,4]#diazole-5-carbohydrazide, Eur. J. Med.
Chem. 38 (2003) 781-786.

14



[5] S. Rollas, S. G. Kugukguzel, Biological actie& of hydrazone derivatives, Molecules 12
(2007) 1910-1939.

[6] Y.L. Xia, F. Chuan-Dong, B.X. Zhao, J. Zhao,9.Shin, J.Y. Miaom, Synthesis and
structure-activity relationships of novel l-aryltm@t3-aryl-1H pyrazole-5-carbohydrazide
hydrazone derivatives as potential agents agaif4®Aung cancer cells, Eur. J. Med. Chem
43(2008) 2347-2353.

[7] R.M. Mohareb, J. Schatz, Anti-tumor and anisktenanial evaluations of 1,3,4-
oxadiazine, pyran derivatives derived from crosgptiog reactions of b-brom6H-1,3,4-
oxadiazine derivatives, Bioorg. Med. Chelf (2011) 2707-2713.

[8] M. Djenane, S. Chafaa, N. Chafai, R. Kerkour, Hellal, Synthesis, spectral properties
and corrosion inhibition efficiency of new ethylhgden [(methoxyphenyl) (methylamino)
methyl] phosphonate derivatives: Experimental drebtetical investigation, J. Mol. Struct.
1175 (2019) 398-413.

[9] D. Daoud, T. Douadi, S. Issaadi, S. Chafaa,ofoison and corrosion inhibition of new
synthesized thiophene Schiff base on mild steel M32CI and HSO, solutions, Corros. Sci.
79 (2014) 50-58.

[10] A. K. Singh, S. Thakur, B. Pani, G. Singh, @tesynthesis and corrosion inhibition study
of 2-amino-N-((thiophen-2-yl)methylene)benzohydrazide, New he@. 42 (2018) 2113—
2124,

[11] T.K. Chaitra, K.N. Mohana, D.M. Gurudatt, H.Candon, Inhibition activity of new

thiazole hydrazones towards mild steel corrosion aigid media by thermodynamic,
electrochemical and quantum chemical methods, iWahalnst. Chem. Eng. 67 (2016) 521—
531.

[12] D.K. Singh, S. Kumar, G. Udayabhanu, R.P. Jal{N,N-dimethylamino) benzaldehyde
nicotinic hydrazone as corrosion inhibitor for mikteel in 1 M HCI solution: An
experimental and theoretical study, J. Mol. Lig6Z2016) 738—746.

[13] M.E. Belghiti, S. Tighadouini,Y. Karzazi, A.dBali, B. Hammouti, S. Radi, R. Solmaz,
New hydrazine derivatives as corrosion inhibitansrhild steel protection in phosphoric acid
medium. Part A: Experimental study, J. Mater. EowirSci. 7 (2016) 337—-346.

15



[14] A.S. Fouda, S.A. El-Sayyad, M. Abdallah, N-gdhoxyl-2-naphtholyl hydrazone
derivatives as inhibitors for corrosion of carbdre$ in HSO, acid solution, Anti-Corros
Methods Mat 58 (2011) 63—-69.

[15] M. Zhang, Z-R. Shang, X-T. Li, J-N. Zhang, Wang, K. Li, Y-Y. Li, Z-H. Zhang,
Simple and efficient approach for synthesis of aydnes from carbonyl compounds and
hydrazides catalyzed by meglumine, Synthetic Cordn(2017) 178—-187.

[16] G.R. Newkome, D.L. Fishel, Synthesis of simpl@lrazones of carbonyl compounds by
an exchange reaction, J. Org. Chem. 31 (1966) &1/—6

[17] P. Nun, C. Martin, J. Martinez, F. Lamaty, Bait-free synthesis of hydrazones and their
subsequent N-alkylation in a Ball-mill, Tetrahed®h(2011) 8187—-8194.

[18] I.B. Obot, N.O. Obi-Egbedi, S.A. Umoren, Thgnergistic inhibitive effect and some
guantum chemical parameters of 2,3-diaminonaphgaten iodide ions on the hydrochloric

acid corrodion of aluminium, Corros. Sci. 51 (20@95—282.

[19] M.A. Quraishi, R. Sardar, Corrosion inhibiti@i mild steel in acid solutions by some
aromatic oxadiazoles, Mater. Chem. Phys. 78 (2803}-431.

[20] E. StupniSek-Lisac, S. Podbek, T. Soré, Non-toxic organic zinc corrosion inhibitors in
hydrochloric acid, J Appl Electrochem 24 (1994) #784.

[21] K. Benbouguerra, S. Chafaa, N. Chafai, M. Me@. Moumeni, A. Hellal, Synthesis,
spectroscopic characterization and a comparativdystf the corrosion inhibitive efficiency
of an o-aminophosphonate and Schiff base derivatives: Hxeatal and theoretical
investigations, J. Mol. Struct. 1157 (2018) 165-=176

[22] R.M. Issa, M. K. Awad, and F. M. Atlam, Quantichemical studies on the inhibition of
corrosion of copper surface by substituted uradippl. Surf. Sci255 (2008) 2433-2441.

[23] A.Y. Musa, A.B. Mohamad, A.A.H. Kadhum, M.S.aKriff, W. Ahmoda, Quantum
chemical studies on corrosion inhibition for seristhio compounds on mild steel in
hydrochloric acid, J Ind Eng Chem 18 (2012) 551555

[24] D. Daoud, T. Douadi, H. Hamani, S. Chafaa,AYNoaimi, Corrosion inhibition of mild
steel by two new S-heterocyclic compounds in 1 Ml:HEperimental and computational
study, Corros. Sci. 94 (2015) 27.

16



[25] A. Hellal, S. Chafaa, N. Chafai, L. TouafriyrBhesis, antibacterial screening and DFT
studies of series ofi-amino-phosphonates derivatives from aminophénbldyiol. Struct.
1134 (2017) 217-225.

[26] A. Hellal, S. Chafaa, N. Chafai, Synthesisat@ctterization and computational studies of
threea-amino-phosphonic acids derivatives from Meta, @dind Para aminophenol, J. Mol.
Struct. 1103 (2016) 110-124.

[27] L. Ouksel, S. Chafaa, R. Bourzami, N. Hamdoudi. Sebais, N. Chafai, Crystal
structure, vibrational, spectral investigation, iuan chemical DFT calculations and thermal
behavior of Diethyl [hydroxy (phenyl) methyl] phdgmate, J. Mol. Struct. 1144 (2017) 389—
395.

[28] N. Chafai, S. Chafaa, K. Benbouguerra, D. ho&. Hellal, M. Mehri, Synthesis,
characterization and the inhibition activity of awo-aminophosphonic derivative on the
corrosion of XC48 carbon steel in 0.5 M3, Experimental and theoretical studies, J.
Taiwan Inst. Chem. Eng. 70 (2017) 331-344.

[29] S. Xia, M. Qiu, L. Yu, F. Liu, and H. Zhao, Nézular dynamics and density functional
theory study on relationship between structure roidazoline derivatives and inhibition
performance, Corros. Sci. 50 (2008) 2021-2029.

[30] V. Srivastava, J. Haque, C.Vermaa, P. Singh,Liazd, R. Salghi, M.A. Quraishi,
Amino acid based imidazolium zwitterions as novedl green corrosion inhibitors for mild
steel: Experimental, DFT and MD studies, J. Mog.1244 (2017) 340-352.

[31] Y. Qiang, S. Zhang, S. Xu, W. Li, Experimengald theoretical studies on the corrosion
inhibition of copper by two indazole derivatives 3tD% NacCl solution, J Colloid Interface
Sci 472 (2016) 52-59.

[32] Z. Tao, S. Zhang, W. Li, B. Hou, Corrosion iiition of mild steel in acidic solution by
oxo-triazole derivatives, Corros. Sci. 51 (20093252595.

[33] M.J. Frisch, G.W. Trucks, H.B. Schlegel, GFtuseria, M.A. Robb, J.R. Cheeseman, G.
Scalmani, V. Barone, B. Mennucci, G.A. PeterssonNBEkatsuji, M. Caricato, X. Li, H.P.
Hratchian, A.F. Izmaylov, J. Bloino, G. Zheng, J®onnenberg, M. Hada, M. Ehara, K.
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. NailajY. Honda, O. Kitao, H. Nakai, T.
Vreven, J.A. Montgomery Jr., J.E. Peralta, F. QgliaM. Bearpark, J.J. Heyd, E. Brothers,
K.N. Kudin, V.N. Staroverov, R. Kobayashi, J. NomdaK. Raghavachari, A. Rendell, J.C.

17



Burant, S.S. lyengar, J. Tomasi, M. Cossi, N. Rdgd, Millam, M. Klene, J.E. Knox, J.B.

Cross, V. Bakken, C. Adamo, J. Jaramillo, R. GongpeR.E. Stratmann, O. Yazyev, A.J.
Austin, R. Cammi, C. Pomelli, J.W. Ochterski, RMartin, K. Morokuma, V.G. Zakrzewski,

G.A. Voth, P. Salvador, J.J. Dannenberg, S. Dappri&.D. Daniels, O. Farkas, J.B.
Foresman, J.V. Ortiz, J. Cioslowski, D.J. Fox, Gaus 09, Revision A.02, Gaussian, Inc.,
Wallingford, CT, 2009.

[34] A.D. Becke, Density-functional thermochemistiyl. The role of exact exchange, J
Chem Phys 98 (1993) 5648-5652.

[35] C. Lee, W. Yang, R.G. Parr, Development of tbelle—Salvetti correlation-energy
formula into a functional of the electron densPys Rev B 37 (1988) 785-789.

[36] W. Kohn, L.J. Sham, Quantum density oscillaan an inhomogeneous electron gas,
Phys Rev A 137 (1965) 1697-1705.

[37] M. Arivazhagan, V.P. Subhasini, Quantum chehgtudies on structure of 2-amino-5-
nitropyrimidine, Spectrochim Acta Part A 91 (204Pp-410.

[38] V.S. Sastri, J.R. Perumareddi, Molecular @ibtheoretical studies of some organic
corrosion inhibitors, Corrosion 53 (1997) 617-629.

[39] Materials Studio 7.0. San Diego, CA: Acceltygs.; 2013.

[40] P.M. Jeffrey, M. Damian, R. Leo, An evaluatiohharmonic vibrational frequency scale
factors, J. Phys. Chem. 111 (45) (2007) 11683-11700

[41] A. Zarrouk, I. Warad, B. Hammouti, A Dafali,$ Al-Deyab, N. Benchat, The Effect of
Temperature on the Corrosion of Cu/HN® the Presence of Organic Inhibitor: Part-2, Int.
Electrochem. Sci. 5 (2010) 1516-1526.

[42] S. Safak, B. Duran, A. Yurt, G. Turkiu, Schiff bases as corrosion inhibitor for
aluminium in HCI solution, Corros. Sci. 54 (201512-259.

[43] B.V. Savithri, S. Mayanna, Tetrabutyl ammoniumdide, cetyl pyridinium bromide and
cetyl trimethyl ammonium bromide as corrosion intoits for mild steel in sulphuric acid,
Indian J Chem Technol 3 (1996) 256-258.

[44] M.J. Bahrami, S.M.A. Hosseini, P. Pilvar, Exipgental and theoretical investigation of
organic compounds as inhibitors for mild steel @sion in sulfuric acid medium, Corros. Sci.
52 (2010) 2793-2803.

18



[45] M. Behpour, S.M. Ghoreishi, N. Mohammadi, Nolt&ni, M. Salavati-Niasari,
Investigation of some Schiff base compounds comtgimlisulfide bond as HCI corrosion
inhibitors for mild steel, Corros. Sci. 52 (201@¥46—-4057.

[46] C. Cao, On electrochemical techniques forrfiate inhibitor research, Corros. Sci. 38
(1996) 2073-2082.

[47] R.A. Prabhu, T.V. Venkatesha, A.V. ShanbhagVGKulkarni, R.G. Kalkhambkar,
Inhibition effects of some Schiff's bases on therasion of mild steel in hydrochloric acid
solution, Corros. Sci. 50 (2008) 3356—-3362.

[48] Y. Tang, X. Yang, W. Yang, Y. Chen, R. Wan,pgeximental and molecular dynamics
studies on corrosion inhibition of mild steel bya@ino-5-phenyl- 1,3,4-thiadiazole, Corros.
Sci. 52 (2010) 242-249.

[49] N. Labjar, M. Lebrini, F. Bentiss, N.E. Chihils. El Hajjaji, C. Jama, Corrosion
inhibition of carbon steel and antibacterial prajsr of aminotris (methylnephosnic) acid,
Mater. Chem. Phys. 119 (2010) 330-336.

[50] K.W. Tan, M.J. Kassim, A correlation study ¢ime phenolic profiles and corrosion
inhibition properties of mangrove tanninRhjzophora apiculataas affected by extraction
solvents, Corros. Sci. 53 (2011) 569-574.

[51] F. Bentiss, M. Lebrini, M. Lagrenée, Thermodymc characterization of metal
dissolution and inhibitor adsorption processes inld msteel/2,5-bis(n-thienyl)-1,3,4-
thiadiazoles/hydrochloric acid system, Corros. &¢i(2005) 29152931.

[52] T. K. Chaitra, K. N. S. Mohana and H. C. Tanddermodynamic, electrochemical and
guantum chemical evaluation of some triazole Sdiaes as mild steel corrosion inhibitors
in acid media, J. Mol. Lig. 211 (2015) 1026-1038.

[53] A. Bouoidina, F. El-Hajjaji, M. Drissi, M. TAEB, B. HAMMOUTI, ILL-MIN
CHUNG, S. JODEH, H. LGAZ, Towards a Deeper Undewditag of the Anticorrosive
Properties of Hydrazine Derivatives in Acid MediuBxperimental, DFT and MD Simulation
Assessment, Metall and Mat Trans A 49 (2018) 518015

[54] K.F. Khaled, M.M. Al-Qahtani, The inhibitiveffect of some tetrazole derivatives
towards Al corrosion in acid solutions: Chemicatattochemical and theoretical studies,
Mater Chem Phys 113 (2009)150-158.

19



[55] H. Sklenar, J. JageMolecular structure—biological activity relationpkion the basis of

guantumchemical calculations, Int. J. Quantum Chem. 169} 267484.

[56] L. Herrag, B. Hammouti, S. Elkadiri, A. AouhitC. Jama, H. Vezin, F. Bentiss,
Adsorption properties and inhibition of mild steelrrosion in hydrochloric solution by some
newly synthesized diamine derivatives: Experimeatad theoretical investigations, Corros.
Sci. 52 (2010) 3042-3051.

[57] K.F. Khaled, Studies of iron corrosion inhibit using chemical, electrochemical and
computer simulation techniques, Electrochim ActgdZB5L0) 6523-6532.

[58] I. Lukovits, K. Palfi, I. Bako, E. Kalman, LK®odel of the inhibition mechanism of
thiourea compounds, Corrosion 53 (1997) 915-919.

[59] E.E. Ebenso, T. Arslan, F. Kandemirli, I.N. Candr,Love, Quantum chemical studies
of some rhodanine azosulpha drugs as corrosiobitobs for mild steel in acidic medium,
Int. J. Quantum Cheni.10 (2010) 10031018.

[60] C. Wang, C. Lai, B. Xie, X. Guo, D. Fu, B. IS, Zhu, Corrosion inhibition of mild steel
in HCI medium by S-benzyl-O,0'-bis(2-naphthyl)d@dphosphate with ultra-long lifespan,
Results in Physics 10 (2018) 558-567.

[61] H. Lgaz, K.S. Bhat, R. Salghi, Shubhalaxmi,J8deh, M. Algarra, B. Hammouti, 1.H.
Ali, A. Essamri, Insights into corrosion inhibitidsehavior of three chalcone derivatives for
mild steel in hydrochloric acid solution, J. MoigL. 238 (2017) 71-83.

[62] R.M. Issa, M.K. Awad, F.M. Atlam, Quantum chieal studies on the inhibition of
corrosion of copper surface by substituted uragifgl. Surf. Sci. 255 (2008) 2433-2441.

[63] M. Lashkari, M.R. Arshadi, DFT studies of mjine corrosion inhibitors in electrical
double layer: solvent, substrate, and electridfedfects, Chem Phys 299 (2004) 131-137.

[64] N.O. Obi-Egbedi, I.B. Obot, M.I. El-Khaiary,&. Umoren, E.E. Ebenso, Computational
simulation and statistical analysis on the relaiop between corrosion inhibition efficiency
and molecular structure of some phenanthrolinevdtvies on mild steel surface, Int. J.
Electrochem. Sci. 6 (2011) 5649-5675.

[65] H. Lgaz, R. Salghi, S. Jodeh, B. Hammouti,eEffof clozapine on inhibition of mild
steel corrosion in 1.0 M HCI medium, J. Mol. Li%(2017) 271-280.

20



[66] I. Lukovits, E. Kalman, F. Zucchi, Corrosionhibitors—Correlation between Electronic
Structure and Efficiency, Corrosion 57 (2001) 3-8.

[67] S.M. Wetterer, D.J. Lavrich, T. Cummings, SBernasek, G. Scoles, Energetics and
kinetics of the physisorption of hydrocarbons on (A1), J Phys Chem B 46 (1998) 9266—
9275.

Figures Captions:

Fig. 1. Synthetic rout of the studied hydrazone.
Fig. 2. Correlation diagram between the theoretical axgeemental wavenumbers &-
NBPTH.

Fig. 3. Influence ofE-NBPTH concentratior(a) and temperaturé) on corrosion rate and

inhibition efficiency.

Fig. 4. The calculated Arrhenius straight lines for therasion of the XC48 carbon steel in
0.5M H,SO, solution in presence and absence 6iM®f E-NBPTH.

Fig. 5. Langmuir adsorption isotherm of XC48 carbon steeD.5M H,SO, solution in
presence oE-NBPTH at 25°C

Fig. 6. Potentiodynamic polarization curves obtained far KC48 carbon steel electrode in
0.5M H,SO, solution in presence of various concentrations-0fBPTH at 25°C.

Fig. 7. Nyqusit plots for XC48 carbon steel in 0.5M,;30, solution in absence and in

presence of various concentration&EeBPTH at 25°C.

Fig. 8. Optimized structure with atomigulliken charges, HOMO and LUMO frontier
orbitals and MEP map &-NBPTH.

Fig. 9. Side and top views of the simulated most stabldigoration for the adsorption -
NBPTH on Fe (110) surface.
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Comparison of the inhibition efficiency at the opél concentration oE-NBPTH with the

literature data as corrosion inhibitors in acidiecium
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Calculated quantum chemical parametersEeNBPTH using DFT/B3LYP 6-31G (d,p)
method.
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Table 1

Experimental and theoretical values of wavenumobetife selected vibrations BENBPTH.

Assignment Vibrational frequency (cni')
Experimental Theoretical
Unscaled Scaled

v(N-H) 3307 3502 3366
v(C—H)ar 3079 3187 3063
v(C—H)aipn 2986 3037 2919
v(C=N) 1521 1615 1552
v(NOy) 1349 1397 1343
v(C—N) 1254 1304 1253
v(N—-N) 1151 1196 1146
v(N-O) 914 967 929
3(C—H) 734 779 748
6(N-H) 674 691 664

v: stretchingp : out of plane bending



Table 2

Obtained results from weight loss tests for theazion of XC48 carbon steel in 0.5M$0;,
solutions in absence and presence of differentargnations oE-NBPTH at 25°C.

C (M) W1(9) W: (9) AW (9)  Acor(glcnth) 6 Ew (%)

Blank 13.71110 13.61837 0.092730 0.0004097296 — A

10° 13.82486 13.79853 0.026330 0.000116322@.7161 71.61
10° 13.76012 13.73957 0.020550 0.0000908006.7784 77.84
10°* 13.79221 13.77559 0.016620 0.0000734358.8208 82.08

10° 13.76608 13.75358 0.012500 0.0000552316.8652 86.52




Table 3

Effect of temperature on the corrosion rate andbitibn efficiency after 24h of immersion in

the electrolytic solution in presence of M of E-NBPTH.

T (OC) Wl (g) W2 (g) AW (g) Ac’corr (g/szh) Acorr (glcmzh) EW (%)

25 13.76608 13.75358 0.0125@®.0004097296  0.000055231586.52
35 13.74857 13.72517 0.0234@.0005840421  0.000103393482.30
45 13.78861 13.75085 0.0377®.0006438611  0.000166843174.09

55 13.69898 13.63678 0.06220.0008002601  0.000274832165.66




Table 4

Electrochemical parameters obtained from the prdéion curves of the XC48 carbon steel in
0.5M H,SO, solution in absence and presence of various ctoratems of E-NBPTH at
25°C.

C (M) Ecor (MV/ISCE)  lcon (MA/CM?) Pa(mVidec.) p.(mVidec.) Ep (%)

Blank —480.5 0.8192 81.6 ~-152.2 -
10° —472.6 0.2289 59.4 —~125.1 72.06
10° —472.9 0.1778 54.9 ~120.4 78.30
10 —470.1 0.1541 41.2 ~-107.1 81.19

10° —-473.2 0.1054 37.2 -47.9 87.13




Table 5

Electrochemical parameters obtained from EIS datheoXC48 carbon steel in 0.5M,80,

solution in absence and presence of various coratemts ofE-NBPTH at 25°C.

C (M) Ra (@ cm?) Cg (MFcm? R (Q cmd) E, (%)

Blank 19.22 2069.0 1.926 -
10° 64.35 955.4 2.067 70.13
10° 91.38 870.7 2.086 78.96
10 102.0 623.5 2.131 81.16

10° 141.4 560.3 2.354 86.41




Table 6

Comparison of the inhibition efficiency at the aopél concentration oE-NBPTH with the

literature data as corrosion inhibitors in acidiecium

Inhibitor Ew(®%) Ep(%) E, (%) Ref.

=0

|
"F N+\o'
/©/ /\©/ 86.52 87.13 86.41 This work
H,C
Oy
", 8583 8626 8365 [21]

N=\ F
$§/N_N 4
N\ N: 85.60 84.36 72.83 [52]
.
: /N—N\ C 83.00 84.00 83.00 [53]




Table 7
Calculated quantum chemical parametersEeNBPTH using DFT/B3LYP 6-31G (d,p)

method.

Quantum chemical parameters  E-NBPTH

Etot(€V) —23290.8671
Enomo (V) —5.38105435
ELumo (V) — 2.37664368
AEgap (V) 3.00441067
u (Debye) 5.10240000
1 (eV) 1.50220053
o 0.66569009
x (eV) 3.87884902
) 5.00788103

AN

1.03885963
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Fig. 1. Synthetic rout of the studied hydrazone.
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Fig. 3. Influence ofE-NBPTH concentratiorfa) and temperatur@) on corrosion rate and

inhibition efficiency.



-6,5

7.0 @ - ____
5. - @ _ _R’=0.93533
| B - |
_8’0 -
l .
~ 854 TTe-l
< : TE-
E 90 Tl g 2
o | "™~ . _ R=0.99759
S 954 Tl
= 1 0 -
g -1004| @ InAgo =M "
T 05| W A=)
411,04 | - - - - Linear Fit of INAQ.=f(L/T)
1159 - - - - Linear Fit of InA.,, =f(1/T)
-12,0 : T T T T T E—
3,0x10° 3,1x10° 3,1x10° 3,2x10° 3,2x10° 3,3x10° 3,3x10° 3,4x10° 3,4x10°

1T (K'Y

Fig. 4. The calculated Arrhenius straight lines for therasion of the XC48 carbon steel in

0.5M H,SO; solution in presence and absence 6tM®f E-NBPTH.
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Fig. 5. Langmuir adsorption isotherm of XC48 carbon sie€.5M H,SO, solution in

presence oE-NBPTH at 25°C
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Fig. 6. Potentiodynamic polarization curves obtained lfier XC48 carbon steel electrode in

0.5M H,SO, solution in presence of various concentrations-0BPTH at 25°C.
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Fig. 7. Nyqusit plots for XC48 carbon steel in 0.5M3®, solution in absence and in

presence of various concentration&eNBPTH at 25°C.
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Fig. 8. Optimized structure with atomMulliken charges, HOMO and LUMO frontier
orbitals and MEP map &-NBPTH.



Fig. 9. Side and top views of the simulated most stabldigoration for the adsorption @&-
NBPTH on Fe (110) surface.



Highlights

* New hydrazone derivativé&e(NBPTH) was synthesized and characterized.

* UV-Vis, IR and NMR analysis d&-NBPTH was realized.

» Anti-corrosive activity ofE-NBPTH was experimentally evaluated.

* DFT method was used to determine the quantum paeasngf the studied derivative.

* Molecular dynamic simulations have been performed.



