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ABSTRACT

Adsorption of two derivatives of quinoline on néteel surface in 0.5 130G, solution and its corrosion inhibition
properties has been studied by a series of teclesigsuch as polarization, electrochemical impedapeztroscopy
(EIS), weight loss and quantum chemical calculatitethods. Potentiodynamic polarization measuremamisved

that all inhibitors are cathodiq type. The degret surface coverage was determined by using weigbs |

measurements and it was found that adsorption m®oé studied inhibitors on mild steel surface sbegngmuir
adsorption isotherm.

Keywords: quinoline derivatives; steel; Hydrochloric acid;r@ision inhibition; Adsorption; DFT.

INTRODUCTION

An important practical application of such phenomés corrosion inhibition. Numerous investigatidreve been
performed on the inhibition of mild steel and stekdy by using of organic compounds [1- 3]. Molkeuwstructure
of inhibitors has clearly been established as somiafluence on corrosion inhibition. Heteroatonals oxygen,
nitrogen, phosphorus and sulfur as well as aronniirin their structure are the major adsorptientees.

The objective of this work is to study the influenaf quinoline derivatives on the corrosion of mikgel in 0.5M
H,SQO, at different concentrations of inhibitors by efechemical measurements: weight loss, polarizatiamve

and electrochemical impedance spectroscopy. Quamtuemical studies were also carried out to propase
interpretation of the data.

MATERIALS AND METHODS

2.1. Materials

Mild steel was used for this study has the follayvoomposition: (0.37% C, 0.23%Si, 0.016 S%, 0,684/10.16
Cu%, 0.077Cr%, 0.011Ti%, 0,052Ni%, 0.009 Co% ) Bpecimen was used for electrochemical measurements.
The exposed surface area was icm

226



A. Elyoussfiet al Der Pharma Chemica, 2016, 8 (4):226-236

2.2. Synthesis of inhibitors

2.2.1 Synthesis of 2-ox0-1,2-dihydroquinoline-4-choxylic acid( Q = O )

To a solution of isatin (10 mmole) and malonic adifé mmole) in acetic acid 30 ml, was added sodagetate (1
mmole). The mixture was refluxed for 24 hours. Afteoling ice-water (100ml) was added. The obtaipextipate
washed several time with ethanol, to lead compd@n@.

HO o
o)
CO,H
AcOH /AcONa N
o + >
N CO,H N o
\ H
H Q=0

Scheme 1: Synthesis of 2-0x0-1,2-dihydroquinoline-e¢arboxylic acid(Q = O)

Rdt = 87 %.F > 250 °C (EtOH). Spectre de RMN 1H @&®™6) : 7.14(s, 1H, CH); 7.68-8.63(m, 4H, CHAr).
Spectre de RMN 13C (DMSOd6) : 120.6 (=CH); 117117.6, 126.7, 133.7 (CHAr); 118.3, 13742.% (Cq);
163.5 (C=0); 169.5 (CO2H). Spectre IR (cm-1) 32N3-H ; 2900-3100vO-H ; 1705vC=0. Spectre de masse
(IE) M (m/z) =189.

2.2.2. Synthesis of 2-thioxo-1,2-dihydroquinoline-darboxylic acid (Q = S)

To a well-stirred solution of (5 g, 33.1mmol) 2-ex@-dihydroquinoline-4-carboxylic acid in 50 mL aofry
pyridinewas added (14.7 g, 33.1mmpbhosphorus pentasulfide The reaction mixture isetet reflux for 4 hours,
the solid obtained is washed several times with Water, dried and then purified in absolute ethanol
Recrystallization is carried out in the petroleuthee. The product obtained was characterized'HyNMR, **C
NMR.

HO o HO 0]

\
X P2S5
Pyridine
o N

Q=S
Scheme 2: Synthesis of 2-thioxo-1,2-dihydroquinol&r4-carboxylic acid (Q =S )

I=z

Rdt = 90 %.'H NMR (DMSOd6): 7.41(s, 1H, CH); 7.28-8.5(m, 4H, GH°C NMR(DMSOd6): 121.6 (=CH):
117.2, 126.1,127.0, 128.3 (Gt 122.7, 134.5, 140.2 (Cq); 191.4 (C=O); 166.1 480 ESI-MS MH m/z =
206.23.

2.3. Solutions
The aggressive solution of 1.0 Mb$D, was prepared by dilution of analytical grade 98%®, with distilled
water. The concentration range of inhibitors i€ 2007 (M).

2.4. Weight loss Method

Coupons were cut into 1.5x 1.5 x 0.05aiimensions having composition (0.09%P, 0.01 %08 % Si, 0.05 %
Mn, 0.21 % C, 0.05 % S and Fe balance) used faghtddss measurements. Prior to all measuremédmgxposed
area was mechanically abraded with 180, 400, 8000,11200 grades of emery papers. The specimensaateed
thoroughly with bidistilled water degreased andedrivith ethanol. Gravimetric measurements are edmut in a
double walled glass cell equipped with a thermestatooling condenser. The solution volume is 106. ¢the
immersion time for the weight loss is 6 h at (30BKL In order to get good reproducibility, experinte were
carried out in duplicate. The average weight loss wbtained. The corrosion rat@ (s calculated using the
following equation:

v=W/St 1)
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Where W is the average weight loss, S the total,aed t is immersion time. With the corrosion reatulated, the
inhibition efficiency (E,) is determined as follows:

Vo—-V
Ew 0 = ? X 100 (2)

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

2.5.Electrochemical measurements

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

potentiostat is connected to a cell with threetetele thermostats with double wall. A saturates el electrode
(SCE) and platinum electrode were used as referandeauxiliary electrodes, respectively. Anodic aathodic
potentiodynamic polarization curves were plotted ablarization scan rate of 0.5mV/s. Before afleriments, the
potential was stabilized at free potential duri®gn3in. The polarisation curves are obtained fror@G-81V to —200
mV at 308 K. The solution test is there after deatezl by bubbling nitrogen. Inhibition efficienci[{%) is defined
as:

icori—icer{inh)

icor(0)

Eplhy = x 100 3)

Where icorr(0) and icorr(inh) represent corrosiarrent density values without and with inhibitaespectively.

The electrochemical impedance spectroscopy (ElS)sorements are carried out with the electrochersigstem,
which included a digital potentiostat model VoltaRGZ100 computer at Ecorr after immersion in sofutvithout

bubbling. After the determination of steady-staierent at a corrosion potential, sine wave voltéidemV) peak to
peak, at frequencies between 100 kHz and 10 mH=@perimposed on the rest potential. Computer progr
automatically controlled the measurements perforaerkst potentials after 0.5 hour of exposure(& B. The

impedance diagrams are given in the Nyquist reptasen.

Inhibition efficiency (k%) is estimated using the relation:

Rt{inh)—Rt(0)

ER% = Rtlinh)

x 100 4)

Where Rt(0) and Rt(inh) are the charge transfeistaasce values in the absence and presence ofitothib
respectively.

2.6. Computational Chemistry
The quantum chemical calculations, of quinolinewdgives, reported in this work are performed & BBLYP/6-
31G (d,p) level of theory using Gaussian 09 sexfggograms[4,5].

RESULTS AND DISCUSSION

3.1. Gravimetric study

Figure 1 illustrates the corrosion rate of mildestin 0.5 M HSQO, at 308K in the presence of different
concentrations of quinoline derivatives. The cadoosrate reduces after addition of the selected gumoline
derivatives, and decreases with the inhibitor cotre¢ion due to the fact that the adsorption cayeriecreases,
which shields the mild steel surface efficientlgrfr the medium. In the absence of inhibitor, theasion rate is
1.69 mg.crit.hi. While in the presence a9°M inhibitor, the corrosion rate values are redut®6.152 and 0.402
mg.cm?.h?, for Q=S and Q=0, respectively. At any given irituib concentration, the corrosion rate follows the
order: Q=S < Q=0, which indicates that Q=S exhiltits best inhibitive performance among two quir®lin
compounds.

Figure 2 represents inhibition efficiency valuesaified from the weight loss(Ew) in 0.5 M$D, solutions in the
presence of various concentrations of Q=S and Q=3D&K. Clearly, Ew increases with an increaséhainhibitor
concentration. It should be noted that when thecentration of inhibitor reaches about®Bl, Ew reaches certain
value and change slightly with a further increasetie inhibitor concentration. At foM, the maximum Ew is 91%
for Q=S and 76% for Q=0, which indicates all quinelcompounds act as good corrosion inhibitorgridd steel
in 0.5 M H,SO,. Ew values of the examined quinoline derivativ@kfv the order: Q=S > Q=0.
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Table 1: Corrosion parameters obtained from weightoss measurements for carbon steel in 0.5 M,BO,containing various
concentration of inhibitor at 308 K

o Concentration Weorr Ew

Inhibiteur (M) (mglcmZ.h—l) (%) 0
0.5M H,SO, -- 1.69 -- --

10° 0.837 50 | 0.50

0=s 10° 0.489 71| 0.71]

- 10° 0.176 89 | 0.89

10° 0.152 91| 0.91]

10° 1.208 28 | 0.28

Q=0 10° 0.859 49 | 0.49

- 10° 0.609 63| 0.63

10° 0.402 76 | 0.76

T T T T T T T T T T T
0,000 0,002 0,004 0,006 0,008 0,010
C(mol/L)

Figure 1. Relationship between the corrosion rateral inhibitor concentration for steel after 6 h immesion in 0.5 M H2S0O4 at 308 K
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Figure 2. Relationship between the inhibition effiiency and inhibitors concentration for mild steel dter 6 h immersion in 0.5M H,SO, at
308 K

3.2. Adsorption isotherm and standard adsorption fee energy

Basic information on the adsorption of inhibitor metal surface can be provided by adsorption isoth&everal
isotherms including Frumkin, Langmuir, Temkin, Fndlich, Bockris— Swinkels and Flory—Huggins isothsrare
employed to fit the experimental data. It is fouhdt the adsorption of studied inhibitors on sseface obeys the
Langmuir adsorption isotherm equati@h:
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C 1
L ~+cC (5)
0 K

where c is the concentration of inhibitor, K thesaigbtion equilibrium constant, and h is the surfaceerage and
expressed by the ration,%/100.

Plots of Ch against c yield straight lines as shown in Fig8irand the corresponding linear regression paramete
are listed in Table 2. Both linear correlation dmétnt (r) and slope are close to 1, indicating #usorption of three
quinoline inhibitors on mild steel surface obeysgauir adsorption isotherm. Also, K follows the erdQ=S >
Q=0. Generally, large value of K means better iitiob performance of a given inhibitor. This is good
agreement with the values of Bbtained from Figure 3.

The adsorption equilibrium constant (K) is relatedthe standard adsorption free energy( as shown the
following equation [7]:

0

exp(- s ®)

58.55 RT
where R is the gas constant (8.314 3 #ol"), T the absolute temperature (K), and the values 55 the
concentration of water in the solution expressedMVin[7]. The AG  values are also presented in Table 2.
Furthermore, values afG" up to -20 kJ md! are consistent with the electrostatic interacbetween the charged
molecules and the charged metal (physisorption}enthiose more negative than -40 kJ mol_1 invoharisly or
transfer of electrons from the inhibitor molecules the metal surface to form a co-ordinate typebohd
(chemisorption) [8]. In the present study, the eabf AG’ is found to be within the range from -40 kJ thol
probably means that the adsorption of each quieolihibitor on the mild steel surface contains cioain
adsorption.

0,0014 4| —=— Q=0
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-0,0002
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Cinh (mol /L)
Figure 3. Langmuir adsorption of Q=S and Q=0 on thesteel surface in 0.5M HSO, solution

Table 2: Thermodynamic parameters for the adsorptio of mild steel in 0.5M HSO;, at 308K

Inhibitor | slope | K .(M™?) R’ AG® 4 kJ mol™)
Q=S 1.09593| 475215.15 0.99998 -43.73
Q=0 1.2992 80762.39| 0.99996 -39.20

3.3. Electrochemical impedance spectroscopy (EISuslies:

Corrosion inhibition of mild steel in 0.5M 80, solution with and without inhibitor was investigdt by
electrochemical impedance spectroscopy measurenfdrgnyquist representations of impedance behafiarild
steel in 0.5M HSQ, with and without addition of different concentrats of quinoline are shown in the figures 4
and 5It is observed from the fig. that at all concentnatrange of cloxacillin one large capacitive loatphigher
frequency range followed by the one small inductoap at lower frequency range.

230



A. Elyoussfiet al Der Pharma Chemica, 2016, 8 (4):226-236

The diameter of the circle increased with incraas@ehibitors concentration. The higher frequenepacitive loop
is due to the adsorption of inhibitors moleculels Many workers also explained the results by ustagdle circuit
[10]. The deviation from the perfect semi-circleaph (depression) is often referred to the frequeatispersion of
interfacial impedance. This behavior is due to ihehomogeneity of the metal surface arising fromfase
roughness or interfacial phenomena [11]. It is olese that addition of inhibitor increases the valwd Rct and
reduces the Cdl value. The decrease in Cdl is duectease in thickness of the electronic doubyend12]. The
increase in Rct values is due to the formation wdtgrtive film on the metal/solution interface [13[his
observation suggests that quinoline molecules fondby adsorption on metal surface and therebyinguthe
decrease in Cdl values and increase in Rct vallies.charge transfer resistance (Rct) values andntkefacial
double layer capacitance (Cdl) values calculatethfthe curves are shown in ttable 3.

Table 3. Impedance parameters for corrosion of stéé 0.5 M H,SO, in the absence and presence of different concentians of Q=0 and

Q=S at 308 K
Inhibitor Concentration Rt Cd | E
(M) (Q.cr?){(uficm?)(%)
0.5M H,SO/ -- 12 134 | --
10° 22 109 |45
_ 10° 38 66 | 68
Q=S 10* 97 64 | 88
10° 121 52 | 94
10° 16.5 | 150 |27
_ 10° 21 130 | 43
Q=0 107 30 | 123 | 60
10° 46 85 | 74
50 4 - 10:2M
—@®—10M

-3
—A—10"Mm

—v— 10
—4—H2S04 0,5M

40

304

20

Zim (Ohm.cn?)

0 20 40 60 80 100 120 140
z,(0hm cnf)

Figure 4 : Nyquist impedance diagram for mild steeln 0.5 M H,SO,with inhibitor Q=S
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Figure 5: Nyquist impedance diagram for mild steeln 0.5 M H,SO,with inhibitor Q=0

3.4. Tafel polarization study

Potentiodynamic polarization curves of mild steeDi5 M HSQ, containing Q=S and Q=0 at 308k are shown in
Figure 6 and 7, respectively. In all cases, addibeach compound causes a remarkable decreéise @orrosion
rate i.e., shifts the both anodic and cathodic esirto lower current densities. In other words, be#thodic and
anodic reactions of mild steel electrode are dralyi inhibited by the quinoline compounds. It slibbe noted that

in anodic domain, it is difficult to recognize thieear Tafel regions. Accordingly, the corrosiorrremt density
values are estimated accurately by extrapolatiegctithodic linear region back to the corrosion pidé Similar
fitting method has also been widely used [14]. Eleetrochemical corrosion parameters includingazian current
densities (o), corrosion potential (&), cathodic Tafel slopg¢) and corresponding inhibition efficiency (Ep) are
given in Table 4.

Table 4. Polarization data of mild steel in 0.5 MH,SOwithout and with addition of inhibitors at 308 K

Inhibitors  (Concentration -Ecorr | Icorr -pc |Ep
(M) (MV/SCE)(nA/cm?)|(mV/dec)%)
0.5 M H,SOJ -- -453 1647 | -215[ -
10° -462 849 -184 | 4
Q=S 10° -465 523 -181 | 6
10* -461 280 -173| 8
10° -461 162 -165| 9
10° -455 1168 | -218| 29
Q=0 10° -459 1025 | -202| 38
10* -454 649 194 | 6
10° -451 392 162 | 7

It is apparent that,J,; decreases considerably in the presence of eadbitork, and decreases with increasing the
inhibitors concentration. Correspondingly, Ep irmges with the inhibitors concentration, due toittoeease in the
blocked fraction of the electrode surface by adsmmp Ep of 10° M inhibitor reaches up to a maximum of 90% for
Q=S and 76% for Q=0, which again confirms thattaib quinoline derivatives are good inhibitors irb GV
H2S04, and Ep follows the order: Q=S > Q=0 .

The presence of Q=S or Q=0 does not prominentl§t shé corrosion potential, which indicates all diad

quinoline derivatives act as cathodig-type inhitstfil5]. Furthermore, in the presence of each itdripthe slight
change ofic indicates that the cathodic corrosion mechanikste®| does not change.
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Figure 6 :polarization curves for mild steel in 0.5M H,SO,for various concentrations of Q=S at 308 K
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Figure 7. Polarization curves for mild steel in 0.8M H,SO,for various concentrations of Q=0 at 308 K

3.5. Quantum chemical calculations

Frontier orbital theory is useful in predicting adstion centers of the inhibitor molecules respbilesiof the
interaction metallic surface/molecule [16-17]. Tte@ms involving the frontier molecular orbitals (EM could
provide dominative contribution, because of theense dependence of stabilization energy on orlgitedrgy
difference AE = B ymo_ Evomo). The HOMO energy (omo) is often associated to the electron donatingtghmf
the molecule, therefore, inhibitors with high vadugf EHOMO have a tendency to donate electronppoopriate
acceptor with low empty molecular orbital energpn@ersely, the LUMO energy (ELUMO) indicates theatton
accepting ability of the molecule, the lowest itsue the higher the capability of accepting eletdroThe gap
energy between the frontier orbitalsF) is another important factor in describing thelenalar activity, so when
the gap energy decreased, the inhibitor efficieiscynproved [19]. Elmsellem has investigated theoaption of
pyrimidin and their derivatives on mild steel sgdain HClc acid medium and he has found that the egeergy
decreases with increasing of inhibition efficieri29].

The calculated quantum chemical parameters relatelde inhibition efficiency of the studied molees) such as
the FMO energies wvo, ELumo), the gap energy\E), the dipole moment( 1) are collected in Table 5.
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HOMO

LUMO

Figure 9. Optimized molecular structures HOMO and LUMO distribution for Q =Sand Q = O

Table 5. The calculated quantum chemical parametersf Q =S and Q = O

Pramaters Q=S Q=0
Eromo (€V) | -8.2710874| -9.2471818
ELumo (eV) | -2.1878448| -1.8732740
AE (eV) 6.0832426| 7.3739077
U (debye) 7.1421 4.6908

Oroo &

It is seen that the highestiguo is obtained for Q = S, this result is not suffiti¢o conclude that Q = S is more
efficient than P1. Therefore, the high values gl are likely to indicate a tendency of the molecidledonate
electrons to appropriate acceptor molecules with émpty molecular orbitals. Indeed, the excelleotrasion
inhibitors are usually the organic compounds which only give electrons to the unoccupied orbifainetal, but
also to accept free electrons from it [21]. Thbe, Eyvo and gap energy values obtained for Q = S showitthas
the highest inhibition efficiency. This result is good agreement with the experimental efficiend@@ (Table 5).
The dipole moment (p) provides information on tldapty of the whole molecule. High dipole momeaiues are
reported to facilitate adsorption (and therefofghition) by influencing the transport process tigh the adsorbed
layer [22]. The dipole moments of Q = S and Q ar® 7.1421D and 4.6908D, respectively, which ag&édii than
that of HO (u = 1.88 D). The high dipole moment value ofstn@ompounds probably indicates strong dipole—
dipole interactions between them and metallic @@rf@3-24]. Accordingly, the quinoline moleculesarption in
aqueous solution can be regarded as a quasi-stlostiprocess of the water molecules by the inbibimolecules
at metal surface (}D.q9.

234



A. Elyoussfiet al Der Pharma Chemica, 2016, 8 (4):226-236

CONCLUSION

The inhibition efficiency of mild steel corrosion iL M HCI by quinoline derivatives has been invgstidd using
electrochemical measurement and quantum chemitailatons at (DFT/B3LYP/6-31 G (d, 2)) level ofetbry.
The following conclusions were drawn from this stud

(1) Two quinoline derivatives dp = SandQ = O act as good inhibitors for the corrosion of mitded in 0.5 M
H2S04 solution.

(2) For each quinoline inhibitor, the adsorptioraispontaneous process and obeys Langmuir adsoigptitherm.
The parameter of adsorption free energyGY) indicates that the adsorption of inhibitor invedv both
chemisorption.

(3) All quinoline compounds act as cathodic-typliliitors in 0.5 M H2SO4. EIS spectra exhibit a &gapacitive
loop at high frequencies followed by a small indwetloop at low frequency values, and the presesfceach
inhibitor increases Rt values while reducgsv@lues.

(4) The inhibition efficiency of two quinoline inhitors follows the ordelQ = S>Q = O.

(5) Easonably good agreement was observed betwsentipdynamic polarization and electrochemical éafgnce
spectroscopy techniques.

(6) A good correlation was found between the quanthemical parameters (ELUMO, gap energi) and dipole
moment (1)) and inhibition efficiency.

(7) The density distributions of the frontier maléar orbitals (HOMO and LUMO) show th§ = SandQ = O

adsorb through the actives centers nitrogen, oxy8emdr electrons of the quinoline ring.
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