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ABSTRACT

Inhibiting effect of 5-(chloromethyl)quinolin-8-élydrochloride (QIN1) on carbon steel corrosion (46)1.0 M
HCI solution was investigated by electrochemicgbéniance spectroscopy and potentiodynamic measutgraen
303-333 K in the presence of different concentratiof QIN1 ranging from ItM to 10°M. Potentiodynamic
polarization study clearly revealed that compouraded as mixed type inhibitor. Further, the quantchemical
calculations using density functional theory (DF§Bve a profound insight into the inhibition actiorechanism of
QIN1 and their calculation parameters such asofo, ELumo and AE are corroborative with the results of
experimental studies. The various thermodynamiamaters of dissolution processes were evaluateatdar to
elaborate adsorption mechanism. Adsorption of itbitbbeyed Langmuir adsorption isotherm model.

Keywords: Carbon steel, EIS, Polarisation, Quantum chenaiglgiulations, Acid corrosion.

INTRODUCTION

Organic inhibitors were applied extensively totpod metals from corrosion in many aggressive aaiakdia (e.g.
in the acid pickling and cleaning processes of tapfa-3]. Organic compounds containing N, S andt@ms [4-24]
were found to be good corrosion inhibitors of metphrticularly for active metals. The effectivene$sheses
compounds as corrosion inhibitors has been inttgran terms of their molecular structure, molecudae, and
molecular mass, hetero-atoms present and adsor@ndencies [25]. Under certain conditions, thectedaic
structure of the organic inhibitors has a key ieflae on the corrosion inhibition efficiency to theetal. The
inhibitors influence the kinetics of the electrootieal reactions which constitute the corrosion psscand thereby
modify the metal dissolution in acids. The exista@a show that most organic inhibitors act by gutsmn on the
metal surface. They change the structure of thetrédal double layer by adsorption on the metafeme. Quite a
number of studies have been carried out in detetioim of adsorptivity of various compounds at the
electrode/solution interface [26,27].

Thus the objective of the present work is to inigede the inhibition performance of the newly sysised
quinoline on carbon steel corrosion in hydrochlaaid. Ascertaining the corrosion inhibition onlwam steel was
done at different concentrations of QIN1 by thectlirhemical techniques such as, electrochemicpkdance
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spectroscopy and potentiodynamic polarization. Quanchemical calculations were successively caraet to
obtain the invaluable quantum chemical parametech sas Eowo and Eywo to understand the adsorption
properties. The structure of QIN1 is shown in Feglir
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o

Figure 1. Structure of 5-(chloromethyl)quinolin-8-ol Hydrochloride (QIN1)
MATERIALSAND METHODS

Materials

The steel used in this study is a carbon steel (E8)onorm: C35E carbon steel and US specificat®xE 1035)
with a chemical composition (in wt%) of 0.370 %0230 % Si, 0.680 % Mn, 0.016 % S, 0.077 % Cr, DT,
0.059 % Ni, 0.009 % Co, 0.160 % Cu and the remaiimda (Fe).

Solutions
The aggressive solutions of 1.0 M HCI were prepédmedilution of analytical grade 37% HCI with disd water.
The concentration range of Structure of 5-(chlorthykquinolin-8-ol Hydrochloride used was 404 to 10° M.

Polarization measurements

Electrochemical impedance spectroscopy

The electrochemical measurements were carried $iag \/olta lab (Tacussel- Radiometer PGZ 100) paistate
and controlled by Tacussel corrosion analysis sofwmodel (Voltamaster 4) at under static conditibhe
corrosion cell used had three electrodes. The enfer electrode was a saturated calomel electro@&)(SA
platinum electrode was used as auxiliary electafdrirface area of 1 driThe working electrode was carbon steel.
All potentials given in this study were referredthis reference electrode. The working electrods imamersed in
test solution for 30 minutes to a establish stestdye open circuit potentiaEgcp). After measuring thEocp, the
electrochemical measurements were performed. Adtedchemical tests have been performed in aesatiedions
at 303 K. The EIS experiments were conducted irfrdguency range with high limit of 100 kHz andfeient low
limit

0.1 Hz at open circuit potential, with 10 points decade, at the rest potential, after 30 min af aomersion, by
applying 10 mV ac voltage peak-to-peak. Nyquistploere made from these experiments. The best selmican

be fit through the data points in the Nyquist plsing a non-linear least square fit so as to dmeeibtersections
with thex-axis.

The inhibition efficiency of the inhibitor was calated from the charge transfer resistance valissguthe
following equation [28]:

n,%= R, _| R, %100 1)

where, R, and R, are the charge transfer resistance in absencenaésence of inhibitor, respectively.

Potentiodynamic polarization

The electrochemical behaviour of carbon steel sanmpinhibited and uninhibited solution was studisdrecording
anodic and cathodic potentiodynamic polarizatiorves. Measurements were performed in the 1.0 M $dQltion
containing different concentrations of the testelihitor by changing the electrode potential auttcadly from -
800 to 0 mV versus corrosion potential at a scém ol mV §. The linear Tafel segments of anodic and cathodic
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curves were extrapolated to corrosion potentiablitain corrosion current densitielsof). From the polarization
curves obtained, the corrosion currdgs,j was calculated by curve fitting using the equatio

| =1 {exp( 2'3&Ej - ex{ﬁﬂ 2)
B, B,

Ba andp, are the anodic and cathodic Tafel slopes/ads E-E,;.

The inhibition efficiency was evaluated from theawered ., values using the relationship:

7.9 = e L 100 €

corr

where, |’ and|' are the corrosion current density in absence aesepce of inhibitor, respectively.

! " corr corr

Computational procedures

Density Functional theory (DFT) has been recenfigdu[29-32] to describe the interaction betweenirhéitor
molecule and the surface as well as the propesfisese inhibitors concerning their reactivity.eTimolecular band
gap was computed as the first vertical electroriitation energy from the ground state using theetdependent
density functional theory (TD-DFT) approach as iempénted in Gaussian 03 [33]. For these seek, sonmtecular
descriptors, such as HOMO and LUMO energy valuestier orbital energy gap, molecular dipole moment
electronegativity f), global hardnessn), softness(S), the fraction of electron transir(&N), were calculated
using the DFT method and have been used to unddrdtee properties and activity of the newly prepare
compounds and to help in the explanation of theegrental data obtained for the corrosion process.

According to Koopman’s theorem [34] the ionizatjpatential (IE) and electron affinity (EA) of thehibitors are
calculated using the following equations.

IE = -Biomo (4)
EA = -Eumo (5)

Thus, the values of the electronegativigy &nd the chemical hardnesg @ccording to Pearson, operational and
approximate definitions can be evaluated usingdhewing relations [35]:

= IE+EA ©)
2

_IE-EA @)
2

Global chemical softness), which describes the capacity of an atom or grouptoms to receive electrons [36],
was estimated by using the equation:

1 2
=S=-————— ®)

,7 EHOMO - ELUMO

The number of transferred electromdNj was also calculated depending on the quantummicia¢ method [37,38]
by using the equation:

— XFe _)(inh
AN = —ZFe Ainh ©)
2(’7Fe +,7inh)
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Where yre and yinn denote the absolute electronegativity of iron amubitor moleculenge and n,, denote the
absolute hardness of iron and the inhibitor moleaekpectively. In this study, we use the theaaktialue ofyee
=7.0 eV andhe = 0, for calculating the number of electron transgd.

RESULTSAND DISCUSSION

Potentiodynamic polarization

The potentiodynamic polarization curves for carlsbeel in 1.0 M HCI solution in the absence and gmes of
different concentrations of this inhibitor, are simoin Fig. 2 at 303K. It is apparent from the Rg.that the nature
of the polarization curves remains the same inath&ence and presence of inhibitor but the curviéedhowards
lower current density in the presence of inhibitmicating that the inhibitor molecules retard tberrosion
process. The corrosion current densities and domgmtentials were calculated by extrapolationhef linear parts
of anodic and cathodic curves to the point of seetion. The corrosion parameters such as corrgeitential
(Ecor), cathodic Tafel slopeB), corrosion current density ) and percentage inhibition efficiencyrfe %)
obtained from these curves are given in Table 1.
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Figure 2. Typical polarization curvesfor carbon steel in 1.0 M HCI for various concentrations of QIN1 at 303 K

Table 1. Potentiodynamic electrochemical parametersfor the corrosion of carbon steel in 1.0 M HCI solution in the absence and presence
of theinvestigated inhibitor at 303 K

ibi Conc -Ecorr 'ﬂc I corr NTafel
INhIbItor 1™ (mVeee) (mV/dec) (WA cm?) (%)
Blank 1.0 476 124 335
10° 414 178 36 89

10 430 175 103 69

QINL 355 440 148 119 64
10° 434 144 184 45

The results revealed that increasing the concémtraitf both inhibitors resulted in a decrease irasion current
densities and an increase in inhibition efficielfgy.e %), suggesting the adsorption of inhibitor molesuat the
surface of carbon steel to form a protective filmte carbon steel surface [39]. The presence aoftdbitor causes
a minor change in &, values with respect to the, & value in the absence of an inhibitor. This implikat the
inhibitor act as a mixed-type inhibitor, affectibgth anodic and cathodic reactions [40]. If theBisement in &,

is more than £85mV relating to the corrosion patndf the blank, the inhibitor can be consideredaacathodic or
anodic type [41]. If the change indzis less than 85 mV, the corrosion inhibitor mayrbgarded as a mixed type.
The maximum displacement in our study is 62 mV,olihindicates that this inhibitor act as a mixedetyp
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Electrochemical impedance spectroscopy studies

Effect of concentration

The Nyquist plots for carbon steel obtained atittierface in 1.0 M HCI solution with and withoutethdifferent
concentrations of QIN1 at 303K are shown in FigTBe existence of a single semicircle with its eeritelow in
Nyquist plots (Fig. 3) for this inhibitor indicatdhe presence of a single charge transfer procesagdmetal
dissolution which is unaffected by the presencanbibitor molecules. The Nyquist plots in the ab=erand
presence of inhibitors are characterized by onadtpe loop. The capacitive loops are not perfsamicircles
because of the non-homogeneity and roughness chtihen steel surface [42].

The electrochemical impedance spectroscopy (EI83tep of all tests were analyzed using the equina@cuit
shown in Fig. 4, which is a parallel combinationtieé charge transfer resistance)(Rnd the CPE, both in series
with the solution resistance {RThis type of electrochemical equivalent cirowas reported previously to model
the iron/acid interface [43]. CPE is introducedéasl of a pure double layer capacitance to givereraccurate fit
as the double layer at the interface does not leehawan ideal capacitor.
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Figure 3. Nyqusit plotsfor carbon steel in 1.0 M HCI solution without and with different concentration of QIN1 at 303 K
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Figure 4. Equivalent circuit applied for fitting of theimpedance spectra

The electrochemical parameters obtained from thiadiof the equivalent circuit are presented ibl[€a2. The data
shown in Table 2 reveal that the value gfiRcreases with addition of inhibitor as comparedhte blank solution;
the increase in Rvalues is attributed to the formation of an insaaprotective film at the metal/solution interéac
The CPE value decreases on increasing the contientraf QIN1, indicating the adsorption of the ihtor
molecules on the surface of carbon steel. The sipghk obtained in Bode plots (Fig. 5) for QINligadles that the
electrochemical impedance measurements fit wedl one-time constant equivalent model (Randle’s weltel)

with CPE.
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Figure5. Bode plotsfor carbon steel in 1.0 M HCI solution without and with different concentration of QIN1 at 303 K

It is apparent that the impedance response forocagbeel in 1.0 M HCI changes significantly wittcieasing
inhibitor concentration. Table 2 shows that theitald of the QIN1 into the corrosive solution cadge an increase
in the inhibition efficiency, charge-transfer reéaisce and a decrease in the double-layer capaei{@h¢ given as
[14].

C,=—— (10)

whereg, is the vacuum dielectric constantis the local dielectric constant, d is the thickmef the double layer,
and A is the surface area of the electrode. Acoorth Eq. 9, a decrease ig €an happen if the inhibitor molecules
(low dielectric constant) replace the adsorbed mai@ecules (high dielectric constant) on the carbteel surface.
The capacitance is inversely proportional to thekiess of the double layer. Thus, decrease itCthealues could
be attributed to the adsorption of QIN1 on the inetmface. Decrease in the capacitance, which eaunltrfrom a
decrease in the local dielectric constant and/oinarease in the thickness of the electrical doldWer, strongly
suggests that the inhibitor molecules adsorbeteatrtetal/solution interface. In the absence arttiernpresence of
inhibitor, phase-shift value remains more or lelntical; this indicates that the charge-transfecgss controls the
dissolution mechanism [44] of carbon steel in 1.0H@I solution. In acidic solutions, it is known thahibitor
molecules can be protonated. Thus, in solutio) betitral molecule and cationic forms of inhibigxist [45]. It is
assumed that Clion is first adsorbed onto the positively chargeetal surface by coulombic attraction and then
inhibitor molecules can be absorbed through elstdtir interactions between the positively changedecules and
the negatively charged metal surface [45]. Thessored molecules interact with (FEChdsspecies to form
monomolecular layers (by forming a complex) on skeel surface. These layers protect carbon steflcgufrom
attack by chloride ions. Thus, the oxidation of @F§ ads into FE can be prevented. On the other hand, the
protonated inhibitor molecules are also adsorbech#todic sites in competition with hydrogen iohattgoing to
reduce hydrogen evolution. Inhibition performan€&tN1 for carbon steel/1.0 M HCI interface dependsseveral
factors such as the number of adsorption siteseecutdr size, mode of interaction with the metafane, and extent
of formation of metallic complexes [46].

Table 2. Electrochemical impedance parametersand inhibition efficiency for carbon steel in 1.0 M HCI solution with QIN1 at 303 K

Conc  Rq Frnax Ca Nz 0
(M) (Qcnmf) (Hz) (uFfend) (%)
Blank 1.0 31 633 81 —_—
10° 456 6.3 55 93 0.93
QIN1 10* 284 10 56 89 0.89
10° 105 25 60 81 0.81
10° 94 20 84 68 0.68
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Effect of temperature

The effect of solution temperature on the impedampeetra recorded in the studied acid solutionbowit and with

1.0 mM of QIN1 has been studied. In all cases,cierge transfer resistances are decreased withaisiog the
temperature. Nyquist plots obtained at differemgeratures in 1.0 M HCI solution without and withNQ are

shown in Figs. 6 and 7, respectively. These speetraal that although values the charge transfstemces are
decreased with increasing the temperature, thelses/are higher in presence of QIN1 than in itseabs. The
impedance spectra obtained are quite similar teetldtained in 1.0 M HCI in the absence and presehdifferent

concentrations of QIN1 at temperature.
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Figure 6. Nyquist diagramsfor carbon steel in 1.0 M HCI at different temperatures
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Figure 7. Nyquist diagramsfor carbon steel in 1.0 M HCI + 1.0 mM of QIN1 at different temperatures

The various corrosion parameters obtained in 1.B®/ solution in absence and presence of 1.0 mM IdflCare
given in Table 3. Values of (Robtained in presence and absence of quinolinevatere are decreased with
increasing the temperature and its values are nmigher in the inhibited acidic solutions which meathe
corrosion inhibition process by the QIN1. Values @f obtained in 1.0 M HCI solution drastically increds
indicating the high corrosion rate of steel at ated temperatures and then remain approximatelpanged. In
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presence of inhibitor, values of,@re slightly increased with the rise of tempemtand are still lower than those
obtained in the pure medium.

The influence of temperature on the inhibition@éncy of QIN1 in the investigated acid solutiorsi®wn in Table
3. The maximum, (93%) is obtained at 303 K. The decreasg,% of the QIN1 with increasing the temperature
is a further evidence for the physical adsorptibthe QIN1 on the electrode surface.

Table 3. Values of the elements of equivalent circuit required for fitting the EISfor carbon steel in 1.0 M HCI in the absence and
presence of 1.0 mM of QIN1 at different temperatures

Temp Rt Frnax Cu Nz
(K) (Qcnf) (Hz) (uFfend) (%)
303 31 63.3 81 -
Blank 313 27 40.1 147 -
323 12 81.4 163 -
333 6 158 168 -
303 456 6.3 55 93
QIN1 313 180 13.6 65 85
323 30 62.4 85 60
333 13 90.7 135 54

Values of R; were employed to calculate values of the corrosiament density () at various temperatures in
absence and presence of QIN1 using the followingeéagn [47]:

lo =RT(zFR)" (11)

where R is the universal gas constant (R = 8.314[3 K™), T is the absolute temperature, z is the valefiden
(z = 2), F is the Faraday constant (F = 96 485arab) and R is the charge transfer resistance.

Activation parameters such as the activation eneEjy the enthalpy of activatiorAH,, and the entropy of
activation, AS, for both corrosion and corrosion inhibition of rioan steel in
1.0 M HCI in the absence and presence of 1.0 mM 1Qbg¢tween 303 and 333 K were calculated from an
Arrhenius-type plot (Eg. (12)) and the transitidaits (Eq. (13)) [48,49]:

=k exp(— E, j (12)
corr RT

where E is the apparent activation corrosion energy, Tthis absolute temperature, k is the Arrhenius pre-
exponential constant and R is the universal gastaah

corr =ﬂexp 25 ex L (13)
Nh R RT

where h is Planck’s constant, N is Avogadro’s numi&, is the entropy of activation antH, is the enthalpy of
activation.

Plots of Ln (k) vs. 1000/T and Ln {/T) vs. 1000/T gave straight lines with slopes of
-E4/R and AH, /R, respectively. The intercepts were A and [LINIR + (AS/R)] for the Arrhenius and transition
state equations, respectively. Figs. 8 and 9 reptdke data plots of Lng},) vs. 1000/T and Ln {,/T) vs. 1000/T

in the absence and presence of 1.0 mM QIN1, reptatbee example.

The calculated values from both methods of thevatitin energy, E the enthalpy of activatiomyH,, and the
entropy of activationAS,, are tabulated in Table 4. Inspection of Tablbd@wss that values of both,FAH, obtained
in presence of QIN1 are higher than those obtaindHe inhibitor-free solution. This observatiorther supports
the proposed physical adsorption mechanism.
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Figure 8. Arrhenius plotsfor carbon steel corrosion ratesLn (lqor) versus /T in 1.0 M HCI in absence and in presence of 1.0 mM QIN3

corr

Ln (I_/T) (LA cm®K™)

. ; . ; .
3.0 3.1 3.2 3.3
1000/T (K%

Figure 9. Transtion-state plotsfor carbon steel corroson ratesLn (I f/T) versus /T in 1.0 M HCI in absence and in presence of 1.0

mM QIN3

Table4. The value of activation parametersfor carbon steel in 1.0 M HCI in the absence and presence of optimum concentration of QIN3

Ea AH, AS,
(kI mol) (kI mol) (J mol*K?
Blank 50.44 47.81 -38.61

QIN1 107.2 104.57 127.05

Higher values of Ein inhibited systems compared to the blank havenbeeported [50-53] to be indicative of
physical adsorption mechanism, while lower valueg& psuggest a chemisorption mechanism. On the othat, ha
the positive sign oAH, reflects the endothermic nature of the carbonl stissolution process suggesting that the
dissolution of carbon steel is slow [54] in the g@ece of inhibitor. This behaviour can be explaiaed result of
the replacement process of water molecules durisgration of QIN1 on steel surface [55,56]. Thgéanegative
value ofAS, for carbon steel in 1.0 M HCI implies that theieatted complex is the rate-determining step, rather
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than the dissociation step. In the presence oirthibitor, the value ofAS, increases and is generally interpreted as
an increase in disorder as the reactants are deavierthe activated complexes [57].

Adsor ption I sotherm

The values of surface coverage to different comaéions of inhibitors, obtained from impedance nueasents at
303 K, have been used to explain the best isotlterdetermine the adsorption process. Adsorptiothésons are
very important in determining the mechanism of o@electrochemical reactions [58]. The most frediyeumsed

isotherms are Langmiur, Temkin, Frumkin, Parsond, d¢ Boer, Flory-Huggins and Dahar-Flory-Huggiard

Bockris-Swinkel [59-65]. All these isotherms aretlod general form:

[(6.x)exp( 226) = KC,, (14)

where_[(&’, X) is the configurational factor which depends upanphysical model and the assumptions underlying

the derivation of the isothermf™is the surface coverage degree;;nCis the inhibitor concentration in the bulk of
solution “a” is the lateral interaction term debamg the molecular interactions in the adsorptiapel and the
heterogeneity of the surface. “K” is the adsorptitasorption equilibrium constant. The surface cage for
different concentrations of QIN1 in 1.0 M HCI at33k has been evaluated from impedance spectroscopy.

Figs. 10, 11 and 12 represent fitting of impedandata obtained for carbon electrode in
1.0 M HCI containing various concentrations of QltélLangmuir, Temkin and Frunkin isotherms (Egs. 16 and
17).

Langmuir isotherm: Con - L +C (15)
g : 9 K inh

Frumkin isotherm: (%j exp(-26) = KC,, (16)

Temkin isotherm: exp(-26) = KC,, 17)

0.0012
0.0009+
'_"_l
= 0.0006 ,
c R =0.99999
N—r
D
~
(»° 0.00031
0.0000+
T T T T T T T T
0.0000 0.0003 0.0006 0.0009
-1
C,, (molL")

Figure 10. Langmuir adsor ption plotsfor carbon steel in 1.0 M HCI containing different concentrations of QIN1
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Figure 11. Frumkin adsor ption plotsfor carbon steel in 1.0 M HCI containing different concentrations of QIN1
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Figure 12. Temkin adsor ption plotsfor carbon steel in 1.0 M HCI containing different concentrations of QIN1

The best correlation between the experimental t®sobtained from the three tested isotherm funstiovas
obtained using Langmuir adsorption isotherm. Theesof correlation coefficient @Rwere used to determine the
best fit isotherm. Perfectly linear plots were datéa with correlation coefficient of 0.99999 usihgngmuir

adsorption isotherm.

The Langmuir isotherm is based on assumption thadsorption sites are equivalent and that parthihding
occurs independently from nearby sites being oetljpir not [66]. It indicates that the adsorbing QI8pecies
occupies typical adsorption site at the metal/smtuinterface. As can be seen by the good fit, Q#slinhibitor,

found to follow Langmuir adsorption isotherm.

The equilibrium constant (K) for the adsorptionalgdion process is related to the standard freeggnef
adsorptionAG;dS. The correlation between K ariNG;dSis shown in Eq. (18):
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AG., = -RTLN55.5K) (18)

Where R is the universal gas constant, T is thelatsstemperature and the value of 55.5 is the eatnation of
water in the solution [67].

The thermodynamic parameters for the adsorptiormga® obtained from Langmuir adsorption isothermtif@r
studied quinoline derivative is given in Table 5.

Table 3.Thermodynamic parametersfor the adsor ption of QIN1in 1.0 M HCI on the carbon steel at 303 K

AG;ds

K
1

M Ka/mol)
QNI 1.07 0.99999442960.04 -42.87

Inhibitor Slope  R?

It has been well understood that the standardeneegy of adsorption values of -20 kJ thot less negative values
are attributed to an electrostatic interaction leetwthe charged molecules and the charged mefatsyiphysical
adsorption) [68]. However, the standard free enafggdsorption values of -40 kJ rfobr more negative values
show charge sharing or transfer from the inhibitaiecules to the metal surface to form a coordicat@alent bond

[68]. Calculatele;dsvalue indicate that the adsorption mechanism of symhesized quinoline derivative on
carbon steel in 1.0 M HGblution is chemical adsorption.

Theoretical studies

From the experimental results possible to get bptteformance of QIN1 as corrosion inhibitor. QIBHility to act
as corrosion inhibitor were investigated by thdoedtcalculations. The high occupied molecular @idbilowest
unoccupied molecular orbital has been show in tige1B. The electronic properties such as energhighest
occupied molecular orbital (f5v0), energy of lowest unoccupied molecular orbital (), energy gap AE)
between LUMO and HOMO on the backbone atoms weteradned by optimization. The optimized molecular
structure is given in Fig.13 and electronic projgsrin Table 4. The HOMO and LUMO energies areaated with
percentage of inhibition efficiencies. The higheergy in HOMO orbital of inhibitor more eases tadte electrons
unoccupied d orbital of the metallic iron. Lowereegy in LUMO of inhibitor ease to accept electramnfi the
metallic iron.

Lower energy in LUMO of inhibitor ease to acceptadton form the metallic iron or aluminium. The iimition
efficiencies increase while QIN1 have higher HOM@mgies, lower LUMO energies and decrease in engagy
between the HOMO and LUMO [69-72]. The values faplo, EL.umo @andAE in the table 4 shows that QIN1 have
more ability to act as corrosion inhibitor. The HOMdensity is great importance of mentioned transfer
Localization HOMO for QIN1 was distributed almost the whole molecule, but the LUMO density is dirtted

at the ring quinoline and hydrochloric.

Figure 13. The optimized structure (left) and HOMO (center) and LUMO (right) distribution for QIN1

The quantum chemical parameters such as the epéthg highest occupied molecular orbital,¢fko), the energy

of the lowest unoccupied molecular orbital (&), energy gapAE = Buwmo- Exomo), the dipole moment (u),
Mulliken electronegativity ), global hardnessy], softness d), binding energy, molecular surface area and the
fraction of electrons transferred]) were calculated and summarized in Table 4.
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Table 4. Quantum chemical parametersfor QIN1

Eromo ELumo AE U
@) (v (V) (D X ° n AN
QIN1 -8.5171 -8.2178 0.2993 3.0227 8.36755 0.5496

Using Eq. 9, the value of electron-donating abiitiN) was calculated and its value is given in Tablé AN < 3.6
(electron), the inhibition efficiency increaseswihcreasing value ofN, while it decreased kN > 3.6 (electron)
[38,73]. In present contribution, QIN1 is the dordrelectrons, and the iron surface atom was tlegor. The
QIN1 was bound to the mild steel surface, and fbusied inhibition adsorption layer against corrosat carbon
steel/hydrochloric acid solution interface.

CONCLUSION

5-(chloromethyl)quinolin-8-ol Hydrochloride has ansiderable inhibition effect on carbon steel csion in 1.0 M

HCI solution. Inhibition efficiency of this compodrincreases with increasing concentrations duddddrmation

of a film on the steel surface. The polarizatiootplindicated that the compound inhibit both anondtietal
dissolution and cathodic hydrogen evolution reactmd act as mixed type inhibitors. Impedance nmeasents
indicate that with increasing inhibitor concentati the transfert charge resistance)(Rcreases, while the double
layer capacitance ( decreases. The adsorption of this compound owrdHheon steel surface obeys the Langmuir
adsorption isotherm. The thermodynamic activatiomrameters were calculated and discussed. Inhibition
efficiencies calculated using polarization, impegand quantum chemical calculation were in goodeagent.
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