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ABSTRACT

The inhibition effect of 3-(4-HydroxyphenylaminoyYoganenitrile (Para) and 3-(2-Hydroxyphenylamino)
propanenitrile (ortho) on the corrosion of stealdrilM HCI solution was studied by weight loss,gumtiodynamic
polarization and electrochemical impedance specwwpy methods. The results revealed that corrosiate r
depends on the molecular structure and the conatatr of inhibitors. We found that the Para
Hydroxyphenylamino propanenitrile is a good inhibiand has been tested with efficiency reaches# & 10
3M. Polarization studies through electrochemical v®@s and spectroscopy of electrochemical impedatesly
show that 3-(4-Hydroxyphenylamino) propanenitriee & mixed inhibitor. The adsorption of Ortho andré&a
inhibitors on the mild steel surface obeys Langnistherm. Both thermodynamic parameters (adsomptieat
AH°®, adsorption free energyG° and adsorption entrop¥S°) and kinetic parameters (apparent activationrgpe
Ea) were calculated and discussed. The quantumichéparameters calculated using DFT at the B3L¥RI&G*
level of theory show a good correlation to the bition efficiency. The highest occupied moleculabital
(HOMO), the lowest unoccupied molecular orbital M0), the separation energylE) and the dipole moment (u)
from the inhibitor to the metal surface explain vexperimental data.

Keywords: Corrosion, acid, inhibitor, nitrile, amine, ste@leight loss, EIS, DFT.

INTRODUCTION

The use of water as thermal fluid in cooling watgstem usually leads to three problems namelyescakrosion
and biological fouling processes. These phenomemaha cause of lower thermal efficiency of theuait, loss of
the metallic material and the growth of microorgams in water. The economic losses caused by frebéems are
for the most part huge and consistent. To limit daenage, many formulations have been developedadizqt

circuits, piping and materials structures againist $courge. Many researches has been perfornstddy corrosion
inhibitions of many inhibitors on mild steel in H@ledia using organic compounds [1,2], that necgssadue to
the massive annuels degradation of steel by comosnhibitors are oftenused in thos process tdrobthe metal
dissolution [3-5]. Hydrochloric acid is widely useéa the pickling, cleaning and descaling of steetl derrous
alloys[6-8]. A lot of studies has proved that wa caach till the great efficiencies by using somgaaic inhibitors,
it depend on their moleculaire structeur (contajnitrogen, sulfur, and oxygen atoms; the presefieeedectrons)
which induce a greateradsorption of the inhibitoolecules onto the surface of the metal.[9-18]. Téas be
explained by the formation of a relatively comp#filch on metallic surface. It was also shown that thhibition

properties of this film remain independent of hytimeamic conditions and is reinforced with the imsi@n time.

The inihibition of corrosion is related to blockeonf oxydation reaction or reduction reaction othbaf them by the
adsorption mechnisme. More work in our laboratogeglized a correlation between experimental efficies of
inhibitors and the results of quantum chemical wiakions, and constructed a composite index of sofrtbe key
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guantum chemical parameters in order to charaeteahz inhibition performance of the tested molesulEhe
guantum calculations tend to correlate the effédtiuctural parameters of two mesomer of Hydroxyptamino
propanenitrile ortho and para to their inhibitidfiagencies of corrosion of steel in HCI solutioklolecular orbital
calculations are performed looking for good theoedtparameters to characterize the inhibition prop of
inhibitors, which will be helpful to gain insighttio the mechanism of corrosion inhibition and tteisimulate the
adsorption mode of the inhibitor on the metal stefaDuring this study we have tested two mesomer of
Hydroxyphenylamino propanenitrile HPAPN as inhibitof steel's corrosion, we used a different meshsach as
weight loss and electrochimical study, beside tkxtanvestigation of temperature and immersion teffects was
also studied and discussed to more understandéngdsorption mechanism of the studied inhibitors.

MATERIALS AND METHODS

1.1. Materials

The material used in this study was mild steel, €&&on, with a chemical composition (in wt %) dd®% P; 0.38
% Si; 0.01 % Al; 0.05 % Mn; 0.21 % C; 0.05 % S dmelremainder iron (Fe). Two batches of tests yweréormed,
we report here on the average values.

1.2. Inhibitors

Both position isomers of Hydroxyphenylamino propditrde were synthesised in our labortory. The dest
compounds were characterized by IR;NMR and**C-NMR and mass spectrometry before using and eisetl,
Fig 1 shows their structure moleculaire

(@) (b)

OH OH

H
N

\/\CN

HN
\//\CN 2-(2-hydroxyphenylamino)propanenitrile
3-(@-hydroxyphenylamino)propanenitrile

Fig. 1 : Chemical molecular structure of Para (apnd ortho (b) position

1.3. Solutions
The aggressive solutions, 1.0 M HCI were prepangdlilution of AR grade 37% HCI with distilled watefhe
concentration range of inhibitors employed was-10° mol.I™.

1.4.Weight loss

The experiments were carried out in the solutiorl@f 1M on mild steel, the sheets with the dimensiof 1.5cm x
1.5cm x 0.25cm were abraded with a series of erpaper (grade 180-400-800-1200), washed with distilvater
and dried. After weighing accurately, the sheetseviamersed in a glasse beackers contained 50hyafochloric
acid 1M with and without presence of different cemication of inhibitors under 308°K temperatureaf® hours,
the specimens were taken out from the vessel, wiohalistilled water, dried and weighted accurg®ly in order
to get a good reproducibility, expirements wereriedr out in triplicate. The following equation regent the
formula to calculate corrosion rate):

Am

Am represent the weight loss (difference in maserkednd after immersed), S the total area for sheket, and t is
immersion time (6 h). With the calculated corrosiate, the inhibition efficiency (IEw) was calcuddtthrough the
following equation, wheregvand v are the values of the corrosion rate witlama with presence of the inhibitors,
respectively.

%IE,, = V‘;;V x 100 (2)
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1.5. Electrochemical measurements:

The electrochemical study was carried out by udimg polarization potentiodynamique method on PGZ100
controlled by a pc supported Master Lab 4softwditee experiments were performed in a conventionadeth
electrode cylindrical Pyrex glass cell. The temper is thermostatically controlled at 308 K. Therking
electrode (WE) in the form of disc cut from steakta geometric area of 1 tand is embedded in polytetrafluoro
ethylene (PTFE). A saturated calomel electrode (S@id a platinum electrode were used, as referamce
auxiliary electrodes, respectively. A fine Luggiogpillary was placed close to the working electramleninimize
ohmic resistance [5,17]. During each experimerg, tdst solution was mixed with a magnetic stirned ¢he gas
bubbling was maintained. The mild steel electro@s waintained at corrosion potential for 30 min #reteafter
pre-polarized at _800 mV for 10 min. The potentials swept to anodic potentials by a constant swatepof 0.5
mVs_1.

The working surface area was abraded with emergm@pade 600-800-1200) on the test face, rinsell avstilled
water, and dried. Before measurement the electn@demmersed in test solution at open circuit piae(OCP) for

30 min until a steady state was reached. Each empet was repeated at least three times to cheek th
reproducibility.

The potential of potentiodynamic polarization cieweas increased for 10minand started from a patieoti-800
mV to -200mV vs. free corrosion potenti&dcorr vs. SCE). IEp% was defined as:

IEp% = Icorr™ Icorrinh) x 100 (3)

ICOTT

Where Lo and Lorgnnyrepresent the corrosion current density valuesowitnd with inhibitor, respectively.

The electrochemical impedance spectroscopy (El$smrements were carried out with the electrochdraiciem
(Tacussel) which included a digital potentiostatdeloVolta lab PGZ 100 computer at Ecor after imnogrsn
solution without bubbling. Electrochemical impedanspectroscopy (EIS) was carried out after 30 nfin o
immersion, in the frequency range of 0.1 Hz - 10z kusing a 10 mV peak-to-peak voltage excitatiohe T
impedance diagrams are given in the Nyquist reptasen. Before recording the curves, the testtamis were de-
aerated in magnetically stirred for 30 min in tiedl with nitrogen. IEgz,% was defined as:

Rt(inh)

Where Rt(0) and Rt(inh) are charge transfer rasigtdor CRS in the absence and presence of inhibéspectively
[4,19].

1.6. Quantum chemical calculation :

In order to correlate theoretical study with expesntal results found by gravimetric and electrodleahmethods,
the geometrical optimization of inhibitors were foemed by DFT (density functional theory) using e thybrid
functional B3LYP level taking into account tk&change and the correlation with Beck’'s threeapaters
exchange functional along with Lee et al. non-lamatrelation functional with 6.31G (d,p) basis seimplemented
in Gaussian03 program package, the following quanthemical parameters such as%o, Eumo, AE=E ymo-
Enomo and Dipole moment were obtained from the optimized structure that bba related to the metal-inhibitor
interactions [20-22].

RESULTS AND DISCUSSION

1.7.Weight loss measurements
1.7.1.Effect of inhibitors on the corrosion rate
The corrosion rate values of mild steel by addittbmhibitors in 1M hydrochloric acide are listedTable 1.

it shows clearly that the corrosion rate decreasetreasing the concentration for both molecutls, inhibition
effeciency increase by increasing the concentratidireach until 85% in para position at a concéntraf 10°M,
as we know, the benzene ring is an excellent caofi@lectrons, the greater the number of elestramund the
nitrogen the stronger bond which is formed betwiemitrogen and the metal, the function of therbygde group
is an electron attracture wich include an intemactietween amine and hydroxyde functions in ortbsitfpn, and
thus increase the electron density in the nitragem of the vinyle.[16].
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Table 1: Corrosion rate and efficiencies values dfifferent concentrations of both position isomers bHydroxyphenylamino
propanenitrile in HCI 1M media

Inhibitors  Concentration  Corrosion rate  Efficiency
(mol.I™ (mg.cm?h®) (%)
Blank 1M 6.2 -
Ortho 10° 5.86 5.37
10° 5.08 17.96
5.10° 4.15 32.98
10* 4.03 34.97
5.10* 2.62 57.61
10° 2.20 64.38
Para 16 4,63 25.25
10° 3.58 42.25
5.10° 1.58 74.50
10* 1.07 82.68
5.10* 0.92 85.02
10° 0.90 85.38
100
» a
80
g e
%’\ 60 - —
S —=&— Para
© —e— Ortho
o 40d
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20 ?
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Fig. 2 Variation of the inhibition efficiency with Para and Ortho inhibitor concentrations for the steel in 1M HCI

Fig. 2 illustrates the variation of the inhibitiafficiency (Ew%) versus the concentration for botiblecules.
Inspection of these data reveals that the protedificiency increases with increasing the conditn of the
inhibitor and reaches a maximum (85 %) and (64%)lGt M for para and ortho position respectively. The
corrosion inhibition can be attributed to the ag&ion of para molecule at the steel acid solutiwterface. We can
conclued that the effeciency of inhibitors folloetorder : Para > Orth

1.7.2.Effect of inhibitors concentration and tempeature on inhibition efficiency

The relationship between temperature and the itiibefficiency of Ortho and para of HAPPN composirwh the
corrosion of steel in 1M HCI solution tested affeliént temperature (30°C, 40°C, 50°C and 60°C) @igim loss
tests. Table 2, regroups the results of weight lossteel in 1M HCI with and without the additionrfthe
concentration that gave us the great efficiencybfith molecules, it is very clear that as we insecihe temperature
the corrosion rate decrease, it also shows thatPbAR para position can resiste a little bit inthigmperature, in
the opposite the HAPPN in ortha position seems likeless. The Fig. 3 shows the evolution of thébitibn
efficiency of the HAPPN compounds by increase tenajpee for both molecules By using Arreheniusequatind
its alternative formulation called transition statguation (5), it is possible to calculate activatthermodynamic
parameters of the corrosion process such as dotivanergy E, activated entropgS, and enthalpyH.,:

n(v) = Ln(4) — i—T
in(3) = an () + 5 -5
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Wherev is the corrosion ratéd is a constant depends on metal type and eleatrdlytis the apparent activation
energy,h is the Planck’s constaf6.626176 x 18" Js), Nis the Avogadro numbd6.02252 x 1€ mol'), Ris the
universal gas constant afdis the absolute temperatul/, and AS, are the the enthalpy and the entropy of
activation, respectively.

Table 2: Corrosion rate value of the corrosion of ritdd steel in HCI 1M media with and without inhibitors in different temperature

Temperature Concentration Corrosion Rate  Efficiency

Compounds °K) (mol.1?) (mg.cm®h) (%)
HCI 313 1 14.76 -
323 1 16.42 -
333 1 18.08 -
343 1 23.41 -
Ortho 313 10 5.87 60.19
323 10° 11.14 32.12
333 10° 13.20 26.94
343 10° 25.72 09.20
Para 313 19 2.73 81.46
323 10° 4.42 73.07
333 10° 8.04 55.52
343 10° 13.68 41.52

Obvieusly, from the equation (5), the activatiorergy is the slopeEy/R by plotting the logarithme of corrosion
rate versud/T. Fig. 4 shows the variation of logarithme of tleerosion rate with and without presence of inhitsito
with the reciprocal of absolute temperture

100

m  Para
804 ® Ortho

60

40

Efficiency (%)

20

0

T T T T T T T T T T T T T T
310 315 320 325 330 335 340 345
Temprature (K)

Fig.3 the plots of E% vs Temperature of Ortho and Bra inhibitors on the surface of steel in 1M HCI

The activation energy of steel in 1M HCI in the ggece and absence of the two position isomerstegdlin Table
3, we observe that,is higher in inhibited slution, it reach until 48%kJ mof* in para position[12],

Table 3: The values of activation parameters for sl in 1M HCI with and without presence of HAPPN pesition isomers

Compounds  Concentration  E(kJ mol™)  AHu(kJ mol?®) ASi(kJ mol™) E.-AH,

HCI 1 1 13,107 10,385 190,016
Ortho 10° 10° 41.009 38,286 108,031
Para 16 10° 48,365 45,643 91,428
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Fig. 4 Arrhenius plots of Ortho and Para inhibitors on the surface of steel in 1M HCI
Forthe thermodynamique parametexsi{ andAS,), the plots of In¢/T) vs 1/T give a straight line with a slope of
AHJ/R and an intercept of(Ln(R/Nh)A$/R)) as shown in Fig. 5

-2,0

B Blank
® Para
-2,5 4

-3,0 1

-3,5 1

Ln(v/T)

-4,0

4,5 1

-5,0 T T T T T T T T T T T T T
2,90 2,95 3,00 3,05 3,10 3,15 3,20

1000/T (°K™)

Fig. 5: the plots of Inf’/T) vs 1/T of Ortho and Para inhibitors on the surfaceof steel in 1M HCI

By employing equation (6), the activation enthalgy,and entropyAS, are calculated and illustrated also in Table
3. The positive values a@fH, mean that the dissolution reaction is an endotteprocess, the entropy of activation
AS, decrease from the uninhibated solution to thebiteoi solution[13].

As the activation energy and enthalpy increasdrthibition efficiency, that could be explained by mcrease of
the energy barrier of corrosion.In case of endatieadsorption enthalpy, with a high activation rgryebarrier for
the transition between strongly bondegddnd H;s{11].

We can see from Table 3 that the difference betiilgeamdAH,s and respect the following equation :

E, — AHa = RT (1)

The results shows that the inhibitor acted equallyhe activation energy and activation enthalpy.
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1.7.3.Adsorption isotherm of HAPPN on the mild stdesurface
Many informationscould beread out from the adsorpisotherme, because it mainly depends on theaictien
between inhibitor and surface of metal.

There are many adoptions isotherm such as:

Langmuir isotherm et Kaas X C (8)
Temkin isotherm e =K, xC 9)
Frumkin isotherm T X e =K 4s x C (10)
and Freundluich isotherm 6 = K ;3 X C (1)

Where kgsis the equilibrium constant of the adsorption pss; C the inhibitor concentration and f the factbr
energetic inhomogeneity. The simplest one is tliearggmuir which involves assumptions of (a) no iatgions

between the absorbed species on the electrodecsi{tfa no heterogeneity of the surface, and (digh bulk

activities, saturation coverage of the electrodadigorbate (e.g., to form a monolayer) of surfanermge).

The plot of G,w/6 versus G is a straight line with nearly unit slope and tlestfits are obtained with Langmuir

adsorption isotherm as presented in Fig. 6, thealircorrelation coefficient is almost 1.00 wich ywahat both
molecules obeys the langmuir adsorption isotherm[6]

0,0020

—m— Ortho
—e— Para

0,0015

0,0010 4

0,0005 +

Concentration mol,L™*
| |

(@
000004 @
: : : : : : : : :
0,00000 000025 000050 000075 000100  0,00125
C/e

Fig. 6 Langmuir isotherm adsorption model of Orthoand Para inhibitors on the surface of steel in 1M I&I

To Extract the thermodynamiques parameters, weetetsiraw the lineaire regression between C a®] &8 we
mentioned previously, using Microsoft office Ex&sdftwar, the straight lines is expressed by thieifad equation :

—=-4C (12)
K
Where C is the concentration of inhibitor, K is #i@sorptive equilibrium constant.

We obtained K from the intercepts of the straighe IG,,/6 — axis, which lead us to calculate the standaed fr
energy of adsoptionG,qs by the following equation :

AG®4qs = —RT.In(55,5.K) (13)
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Table 4: Parameter thermodynamiques of adsorption foinhibitors on the steel mild in HCI 1M

Compounds Linear correlation  Slope Intercept K AG°(kJ mol™?)
Ortho 0.9930 1,5099 7,0430 1,42.10 -34,767
Para 0.9999 1,1639 6,760 1,48.10 -40.769

WhereR is the universal gas constant ahds the absolute temperature, the results of stanffae energy of
adsoption are listed in Table AG°,qare40,679kJ mot and -34,783 kJ meffor HAPPN Ortho and Para
respectively, the negative valuesAss,qs prove that adsorption process goes spontaneubtharadsorbed layer on
the steel surface. In the Table 4, its well knohat tvalues 0f\G®,40f the order o20kJ mof or lower indicate a
physysorption ; those of order 4dkJ mofor higher involve charge sharing or transfer fréwa inhibitor molecules
to the metal to form a coordinate type of bond dsenption. [10]

Hence it can be suggested that each inhibitorsrbdsometallic surface forming strong chemisorpditbonds. This

is in fact possible in view of the presence of @msh electron pairs in the organic compounds médscand taking
into consideration the behaviour of iron as elawracceptor as its d-sub monolayer is incomplete. imhibitors
studied may then be adsorbed via donor-acceptaraictions between theelectrons of the aromatic systems and
the unshared electrons pairs of the heteroatoi¥s-@) to form a bond with the vacant d orbitaltbé C38 steel
atom on the metal surface, which act as a Lewid, deading to the formation of a protective chentied layers.
The presence of cyclic group (which is releatectrons) in the inhibitor molecule will imase the electron
density on the active centre on the molecauhel good protection will occur. In the cask inhibitor Para
(withdrew group) the reverse will occur, thiglwxplain the previous results.

We concluded effectively that the fact that theibiton phenomenon for the Para HAPPN position ismsn
example, can be imputed to the presence of emmsbithl in the Fe which led to an easier coordinaged
formation between the metal and inhibitors. Thamfophysical adsorption is also possible via etestatic
interaction between a negatively charged surfatigiwis provided with a specifically adsorbed chderanion on
C38 steel, and the positive charge of the inhibitor

1.7.4.Polarization measurements

An Electrochemical study was carried out to stualy polarization behaviour of steel in 1 M HCI irethresence
and the absence of HAPPN position isomers in Fignd Fig. 8, The electrochemical parameters sucthes
corrosion current density gl), corrosion potential (&), cathodic Tafel slopep¢),anodic Tafel slopep&) and

inhibition efficiency (E%) obtained from polarization measurements areutatled and illustrated in Table 5.

Ortho HAPPN

Blank
6

——10

—a— 10"

—~+—5.10"

Logi (uA/cmz)

—+—10*

—<—-5.10"

——10°

T T T T T T T T T T T T T
-800 -700 -600 -500 -400 -300 -200
E (mV/SCE)

Fig. 7: Polarization curves of steel mild in1.0 M Kl with and different concentrations of Ortho at 3B°K
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Fig. 8 Polarization curves of steel mild in1.0 M HCwith and different concentrations of Para at 308K

the results reveal that the corrosion current derdgcrease by increasing the concentration, therdoalues in
corrosion current was obtained at*i@ncentration with an inhibition efficiency goestii96% for Para position
and 95% for Ortho position. Fig. 7 and 8 shows eho act as cathode type inhibitor while Paraasca mixed
type inhibitor.

Table 5: Polarization parameter for the corrosion 6 steel in HCI 1Macid with and without inhibitors at 308°K

Compounds Concentration Ecorr lcorr Bc pa Ei
(mol I'Y (MVISCE) (uA/cn?)  (mV/dec) (mVidec) %
Blank 0 -482,2 3,3463 -209,9 202,7 -
10-6 -479 2,1522 -181 154,4 35,68
10-5 -481,9 2,1184 -170,4 157,8 36,69
Ortho 5.10-5 -485,7 1,9477 -168,4 137,9 41,79
10-4 -487,8 0,4187 -137,1 108,7 87,48
5.10-4 -484.,8 0,2852 -133,2 93,2 91,47
10-3 -483,5 0,1577 -166 151,4 95,28
10-6 -476 2.224 -164,3 154,3 33,53
10-5 -470,8 1,8494 -178,4 153,1 44,73
Para 5.10-5 -468,9 0,7874 -150,9 98,5 76,46
10-4 -468,9 0,5149 -172 104,8 84,61
5.10-4 -471,1 0,2463 -173,6 104,1 92,63
10-3 -474,7 0,1330 -99,9 104,4 96,02

1.7.5.Electrochemical impedance spectroscopy (EIS)

Electrochemical impedance spectroscopy (EIS) besomeery important tool in the study of the inhimit of
corrosion of metals. This method permits to impasgnall sinusoidal excitation to an applied potrgind then the
electrochemical interface metal/solution offers @dance. From the various impedance data, interface®ften
described by equivalent circuits involving resistorcapacitors and sometimes inductances. The \&ariou
electrochemical reactions involve the formationetifctrical double layer. The inhibitive performasa# organic
inhibitors are widely discussed on the basis of &i&racteristics

The results of the polarization resistangev&ues of steel in 1 M HCI in the presence andathsence of different
concentrations of inhibitors are given in Table 6.
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Fig. 9: Impedance diagrams for the corrosion of s& in HCI 1M acid with and without inhibitors at 308°K at Ecorr

Table 6: EIS parameter for the corrosion of steelri HCI 1M acid with and without inhibitors at 308°K

C R Frnax Ca IEre
CompoUNds ol 1Y) (@end)  (H2)  (@Femd) (%)
Blank 0 9751 6320 25801

10-6 10,57 125,00 120,51 7,_74
10-5 11,35 100,00 140,29 14,08
5.10-5 21,31 63,29 118,06 54,24

Ortho 10-4 27,28 63,29 92,22 64,25
5.10-4 54,98 40,00 72,40 82,26
10-3 75,96 31,64 66,24 87,16
10-6 9,973 63,29 252,27 2,22
10-5 12,57 79,36 159,62 22,42
Para 10-5 18,75 63,29 134,18 47,99

10-4 36,46 40,00 109,18 73,25
10-4 135,40 20,00 58,80 92,79
10-3 177,16 20,00 44,94 94,49

The charge-transfer resistance were calculated fhendifference in impedances between low and frigduencies
[14] and the double layer capacitancg)@as obtained at the frequency fmax at which tha&ginary component of
the impedance is maximal (-Zi,max) and calculatgthie following equation:

Cop=—— (14)

2T fmax-Re

As observed in Fig.9, the impedance diagrams cbaosisne large capacitive loop. The high inhibitiefficiency
enhance Rvalues in acidic medium, and so on the corrosiorsteel will be controlled by the charge-transfer
process. Values of double layer capacitance dexre@ashe presence of inhibitors. This result is daethe
adsorption of inhibitors on the metal surface legdo the formation of film form acidic solutior§l

2. Theoretical results and dissuasions

Quantum chemical calculations have been widely tsetluidy reaction mechanisms. They have also peered to
be a very powerful tool for studying propertiesnedlecules [24-26]. It has been found that the ptatgproperties
can be related to its electronic and spatial mdéecstructure [27-28]. In this study, the relatibips between
guantum chemical parameters and thermal behaviodA®PN Ortho and Para was investigated, usingst34 G
basis; all calculations were carried out by the &&&@n 03. The quantum chemical study is a greatadeb predict
the effectiveness of an inhibitor by its spatial leeolar, as well as with their molecular electrosicucture,
according to Nnabuk O. Eddy and all [19]. Densifynctional theory (DFT) has provided a venefus
framework for developing new criteria for ratidimeng, predicting, and eventually understamgdmany aspects
of chemical processes [23]. For this reason quanthemical study became a common practicepadforme
theoritical calculations in corrosion inhibitiostudies. Fig.s 10 shows full geometry optimzatbf the inhibitors
molecules.

The following Table 7 represent the distribution tfo enrgies HOMO and LUMO for both inhibitors giton
isomers, the gap energiK) and the dipole moment (i) from the inhibitothe metal surface
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Table7: Parameters Quantum chemical of Ortho and Pa HAPPN

Quantum Parameters Ortho Para
Eromo (V) -0.22648 -0.19337
Eiumo (eV) -0.01646 -0.00566
AEgy (eV) 0.21002 0.18771
u (debye) 3.4999 2.4010

Compounds HOMO LUMO

Ortho

Para

NN

Fig.10 Optimized structure of HAPPN Ortho and Para

The frontier orbital (highest occupied moleculabital HOMO and lowest unoccupied molecular orbitdMO) of

a chemical species are very important in defintageactivity. Fukui first recognized this. The emeof HOMO is
often associated with the electron donating abitifya molecule. High value dE,onmo is likely to indicate a
tendency of the molecule to donate electron to gmyate acceptor molecules with low energy emptyeaar
orbitals. A good correlation has been found betwberspeeds of corrosion anddmo that is often associated with
the electron donating ability of the molecule. Syrof literature shows that the adsorption of thi@hitor on the
metal surface can occur on the basis of donor—smcémteractions between theelectrons of the heterocyclic
compound and the vacant d-orbital of the metalas@fatoms [29-30], Increasing values Qfolo facilitate
adsorption and therefore enhance the inhibitioitieficy, by influencing the transport process tiglothe adsorbed
layer. Therefore, the energy of LUMO indicates #imlity of the molecule to accept electrons. Thedo is the
value of E ymo; the more probable it is that the molecule accepastrons. Consequently, less negative HOMO
energy and smaller energy gdfudmo - ELumo) are reflected in a stronger chemisorptions bardi@erhaps greater
protection efficiency. Concerning the larger valoéshe energy difference will provide low reactjvio a chemical
species. Lower values of theE will render good inhibition efficiency, becaudee tenergy required to remove an
electron from the lowest occupied orbital will lmevi[31-32]. Eyomo andE, ywo of the inhibitor molecule are related
to the ionization potential (I) and the electrofiirétfy (A), respectively. The ionization potentiahd the electron
affinity are defined as | = -\gmo and A = - Eyvo, respectively.

It has also been found that an inhibitor does mb¢ donate an electron to the unoccupied d orbitdhe metal ion
but can also accept electrons from the d orbitdhefmetal leading to the formation of a feedbaakdy Therefore,
the tendency for the formation of a feedback bowdld depend on the value of fmo. The lower the Euo, the
easier is the acceptance of electrons from thebdabof the metal [32]. Based on the values ofy, the order
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obtained for the decrease in inhibition efficien@@ara >Ortho) was also similar to the one obtaifredn
experimental results.

For dipole momenty), lower values of |f) will favour accumulation of the inhibitor [33-34Meanwhile, several
authors state that the inhibition efficiency in@es with increasing values of the dipole moment.[3% is worth

noting that the experiment showed that the sulbstitwed on the HAPPN Ortho and Para does not haweh effect
on the inhibition efficiency. Ultimately we can adude for these isomers of position Relationshipswien

inhibition efficiency and the local quantum chenhiparameters. The energy levels of frontier orbiiadicate the
tendency to form bonds to the metal surface. Fughely on chelation centre inhibitors require®infation on the
spatial distribution of the electron density ofsbecompounds [36, 37]. The structure of molecuées affect the
adsorption by influencing the electron densityhaf functional group.

CONCLUSION

» The HAPPN position isomers shows that the Paraipogs efficient than Ortho position in 1 M HCI atiem.

« The inhibition efficiency of HAPPN in Para positiogaches until 85% at FM.

* The inhibition of corrosion decrease with the wééemperature.

» Both HAPPN position isomers in Para and Ortho pmsibbey to Langmuir adsorption isotherm.

» The adsorption process is spontaneous and cheynamdbrbed (chemisorptions) on the steel surfade iandue
to adsorption of the inhibitors moleculesti@ steel surface which is blocking it's \aetisites.

» The density distributions of the frontier nmléar orbital (HOMO and LUMO) show that Ortaad Para
adsorb through the actives centres nitrogenmagiéctrons of the benzene ring.
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