
1. Introduction 
The adsorption capacity of different substances 
constitutes an important feature to form a protective layer 
on metal surfaces and thus, these may be promoted 
as corrosion inhibitors for metals and alloys in various 
aggresive media [1-8]. These are, generally, organic 
compounds containing P, S, N, O heteroatoms, or 
structures which have π-electrons [1-8]. The adsorption 
of organic compounds on the metal surface is achieved 
by the interaction between d-orbitals of the metal atoms 
and lone electrons pairs of heteroatoms, and/or by 
π-orbitals from inhibitor molecule [9-11].

Many compounds are expensive and toxic, having 
the negative effects on the environment [12]. Thus, in the 
last years, the traditional approach on corrosion inhibitors 
has been changed. The pharmaceutical products and/or 
some natural extracts have been characterized as highly 

effective systems to inhibit the corrosive processes of 
steel in different media [13-38]. Cloxacilin antibiotic was 
reported as an eco-friendly corrosion inhibitor for mild 
steel in acidic media [13]. Potentiodynamic polarization 
suggested that it is a mixed type inhibitor. The inhibitors 
of carbon steel corrosion in 0.1 mol L-1 H2SO4 solution 
which were obtained from expired Paracetamol and 
Carbamazepine tablets reached an efficiency values of 
85 % and 90 %, respectively [14]. Chemical adsorption 
of Primaquine drug on mild steel surface has been found 
to obey the Langmuir isotherm, obtaining the inhibition 
efficiency higher than 90% in 1.0 mol L-1 HCl solution [15]. 
Mixed mechanism involving both, physical and chemical 
adsorption was proposed for ceftazidime as corrosion 
inhibitor of mild steel in HCl solution [16]. Other drugs 
were reported as effective corrosion inhibitors for steel 
in acidic media, as follows: penicillin G and V [17,18], 
streptomycin [19], sulfacetamide [20,21], sulfadiazine 
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Quinine sulfate dihydrate (QNS), IUPAC name: (8S,9R)-6-methoxy-4-quinolenyl-5-vinyl-2-quinuclidinyl methanol sulfate dihydrate, was 
tested as corrosion inhibitor for carbon steel in 1.5 mol L-1 HCl solution using the potentiodynamic polarization and the electrochemical 
impedance spectroscopy (EIS) associated with UV-Vis spectrophotometry. The electrochemical results showed that, the inhibition 
efficiency (IE) increased with the increase in QNS concentration, reaching a maximum value of 93.35±0.25%. The polarization resistance 
(Rp) followed the same trend, obtaining the highest value of 659.7 Ω cm2, while the corrosion current density (icorr) reached the lowest 
level of 195 μA cm-2. The action mechanism of QNS was proposed considering the ability of quinine (QN) to be adsorbed on the metal 
surface via the lone pairs of electrons from hydroxyl oxygen atom, and/or from quinoline and quinuclidinic nitrogens. The occurrence of 
the complexes between inhibitor and iron ions was considered an additional process, which may contribute to protective layer formation. 
The Temkin adsorption isotherm was found as the best fitting for the degree of surface coverage (θ) values. In order to elucidate the 
mechanism of protective layer formation, the free energy of adsorption (ΔGo

ads) value was calculated. This indicates that the inhibitor 
acts by chemical adsorption on the steel surface.
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and sulfamethazine [22], rhodanine [23], orphenadrine 
[24], sparfloxacin [25], cefazolin [26], trimethoprim [27], 
cefepime and cefoperazone [28], tramadol [29], cefalexin 
[30], cefixime [31], mebendazole [32], cefadroxil [33], 
ciprofloxacin, norfloxacin and ofloxacin [34]. Quinoline 
and based quinolinic heterocyclic drug (quinaldine, 
quinaldic acid), used for anti-malarial treatment, are 
also reported as inhibitors for mild steel corrosion in 
HCl solution [35]. Physical, chemical, and adsorption 
properties of quinine sulfate were investigated by 
cyclic voltammetry, potentiodynamic polarization, EIS, 
coulometry, and UV-Vis spectrophotometry [36-38].

QNS is a cinchona alkaloid chemically described as 
(8S,9R)-6’-methoxycinchonan-9-ol-sulfate dihydrate, 
with a molecular formula of (C20H24N2O2)2•H2SO4•2H2O 
and a molecular mass of 782.94. Quinine (QN) is a natural 
alkaloid having a bitter taste, and with antipyretic, anti-
malarial, analgesic, and anti-inflammatory properties. 
Quinine contains two major fused-ring systems: the 
aromatic quinoline and the bicyclic quinuclidine. The 
chemical structure of QNS is presented in Fig. 1. 

In currently study the inhibitory properties of quinine 
sulfate (QNS) were investigated, in order to control 
the carbon steel corrosion in 1.5 mol L-1 HCl solution, 
knowing that the hydrochloric acid solutions are widely 
used in industry, including the cleaning and pickling of 
steel. In this case, the use of QNS as corrosion inhibitor 
is appropriate to maximize the cleaning effect, while 
minimizing any unwanted corrosion.
 The electrochemical measurements were performed 
to calculate the corrosion current density (icorr) and the 
polarization resistance (Rp), and consequently the QNS 
inhibition efficiency (IE). The action mechanism of this 
inhibitor was proposed according to Temkin adsorption 
isotherm and by analyzing the UV-Vis scans of the 
solutions containing QNS, before and after corrosion, in 
full agreement with known literature data.

2. Experimental procedure  

2.1. Materials
Carbon steel plates with the following composition 
(weight %): C=0.1%; Si=0.035%; Mn=0.4%; Cr=0.3%; 
Ni=0.3%; Fe in balance until 100%, were used as working 
electrodes in electrochemical measurements. The 
samples were mechanically polished with emery paper, 
degreased with acetone, and dried in warm air. QNS, 
a Sigma Aldrich product was investigated as corrosion 
inhibitor for carbon steel in hydrochloric acid solution. 
HCl, analytical reagent grade (AR), was obtained from 

Fluka. Appropriate concentration of HCl was prepared 
using bi-distilled water.  Corrosion tests were performed 
in 1.5 mol L-1 HCl blank solution and in 1.5 mol L-1 HCl 
solution containing various concentrations of QNS: 
10-4 mol L-1; 2×10-4 mol L-1; 3×10-4 mol L-1; 
4×10-4 mol L-1, implying QN concentrations of: 
2×10-4 mol L-1; 4×10-4 mol L-1; 6×10-4 mol L-1; 8×10-4 mol L-1. 

2.2. Electrochemical measurements
The potentiodynamic polarization was performed, 
in order to determine the corrosion current density of 
carbon steel in the presence and in the absence of 
QNS. The immersion time of the electrodes in the 
aggressive media was of 10 minutes, at open circuit 
and room temperature (23±2oC). The polarization 
curves were recorded with a scan rate of 1 mV s-1. 
Electrochemical impedance spectroscopy (EIS) was 
measured at corrosion potential, in a frequency range 
from 100 kHz to 10 mHz with a perturbation signal of 
10 mV amplitude peak to peak, at room temperature, 
after potentiodynamic polarization. The relaxation time of 
the electrodes, at open circuit, was of 4 minutes between 
measurements. All the electrochemical measurements 
carried out with an electrochemical system VoltaLab 
40 with VoltaMaster 4 software. A glass corrosion cell 
with three electrodes was used. The electrodes were 
assembled, as follows: a platinum auxiliary electrode 
(area of 1 cm2); a saturated Ag/AgClsat, as reference 
electrode; carbon steel samples, as working electrodes 
(area of 1 cm2).

2.3. UV-Vis spectroscopy
The solution containing 0.1 mmol L-1 QNS (0.2 mmol L-1 
QN) in 1.5 mol L-1 HCl was used for spectrophotometric 
analysis, before and after, both, potentiodynamic 
polarization and EIS mesurements. The solutions 
were placed in the UV-VIS beam and the graphs of 
absorbance versus the wavelength were obtained. The 
UV-Vis analysis reports were obtained using a UV-Vis 
spectrophotometer, Varian-Cary 50 type, with Cary 
WinUV software.

Figure 1. Chemical structure of QNS.
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3. Results and discussion
3.1. Potentiodynamic polarization
The potentiodynamic curves were recorded with a 
scan rate of 1 mV s-1,  in 1.5 mol L-1 HCl blank solution 
and in 1.5 mol L-1 HCl solution containing various 
concentrations of QNS: 0.1 mmol L-1; 0.2 mmol L-1; 
0.3 mmol L-1; 0.4 mmol L-1 (Fig. 2), after the carbon steel 
electrode prepolarization at open circuit for 10 min, at 
room temperature.

From the graph which is illustrated in Fig. 2, it can be 
observed that the presence of QNS in 1.5 mol L-1 HCl 
solution shifts the corrosion potential (Ecorr) to more positive 
values, while the polarization curves have been shifted 
to lower current regions. These phenomena certify the 
inhibition tendency of this compound that is more obvious 
with increasing of its concentration in hydrochloric acid 
solution. Moreover, both cathodic (hydrogen evolution) 
and anodic (carbon steel dissolution) reactions were 
inhibited with the increase of QNS concentration, the 
anodic effect being more significant (Fig. 2). Also, 
Fig. 2 shows that the cathodic curves give approximately 
parallel lines, suggesting that the hydrogen discharge 
reaction lowers, its activation being controlled [28,39] 
by QNS addition in aggressive medium. The inhibition 
mode of anodic process depends on the electrode 
potential [39]. Fig. 2 illustrates that for a potential value 
higher than -0.12 V vs. Ag/AgCl, the addition of QNS in 
1.5 mol L-1 HCl solution does not change the anodic curves 
characteristics, these being overlapped with that was 
obtained in blank solution. Consequently, the dissolution 
reaction dominates the inhibition one. In contrast, in the 
vicinity of Ecorr until -0.12 V, an appreciable decrease in 
the current density is observed since 0.1 mmol L-1 QNS, 
suggesting the formation of anodic protective film on the 
carbon steel surface [39]. 

Based on those above mentioned it can be concluded 
that: QNS acts as mixed type inhibitor with anodic 
predominance by the formation of protective layer, as an 
effective barrier which interposes to electrode/medium 
interface. Thus, the metal ionization is significantly 
suppressed. Similar behaviour was observed for other 
pharmaceutical products, in our previous studies 
[20,27,40,41]. Also, Awad [37] reported a similar 
behavior of quinine in hydrochloric acid solution, finding 
an inhibition efficiency for low carbon steel corrosion 
of 96%, from the potentiodynamic polarization, at 20oC 
[37]. All the phenomena the previously described induce 
the idea that, the corrosion current (icorr) values decrease, 
with QNS concentration increase. The corrosion current 
(icorr) was calculated by extrapolation of anodic and 
cathodic Tafel lines to corrosion potential (Ecorr) using 
VoltaMaster 4 software. 

The electrochemical parameters such us: the 
corrosion potential (Ecorr), the corrosion current density 
(icorr), the anodic and cathodic Tafel slopes (ba & bc), 
as well as the inhibition  efficiency (IE), as a function 
of QNS concentration (C-QNS) are given in Table 1. 
The inhibition efficiency percentage (IE) of QNS was 
determined from polarization measurements according 
to the following equation, Eq. 1 [20,27,39-41]:

100
o

o

corr

corrcorr ×
−

=
i

ii
IE                                                    

(1)

where iocorr and icorr are the corrosion current densities of 
carbon steel in 1.5 mol L-1 HCl solution without and with 
QNS, respectively.

By inspection the data from Table 1, it can be 
observed that: (i) with the increase in QNS concentration, 
icorr values decrease gradually; (ii) the anodic (ba) and 
cathodic (bc) Tafel slopes are slightly changed after 
inhibitor addition; (iii) this indicates the QNS influence on 
anodic and cathodic processes [28], the anodic curves 
being more affected. As a direct consequence, the 
inhibition efficiency (IE) increases, reaching a maximum 
value of 93.1% at 0.4 mmol L-1 QNS in 1.5 mol L-1 HCl 
solution.

3.2. Electrochemical impedance spectroscopy  
       (EIS)
In order to study the protective layer stability, EIS 
measurements for carbon steel were recorded in 
1.5 mol L-1 HCl blank solution and in 1.5 mol L-1 HCl 
solution containing various concentration of QNS, after 
potentiodynamic polarization, the relaxation time of the 
electrodes, at open circuit, between measurements 
being of 4 minutes. Thus, the Nyquist and Bode 
diagrams were recorded (Fig. 3). 

Figure 2. Polarization anodic and cathodic curves obtained for 
carbon steel corroded in 1.5 mol L-1 HCl blank solution 
and in 1.5 mol L-1 HCl solution containing various 
concentrations of QNS, at room temperature.

 

 

903



Quinine sulfate: a pharmaceutical product as effective 
corrosion inhibitor for carbon steel in hydrochloric acid solution

 For both, HCl blank solution as well as HCl containing 
QNS, one capacitive loop appears as a semicircle in 
Nyquist plots (Fig. 3a), being more pronounced with 
the increase in QNS concentration. Bode plots (Fig. 3b) 
show that a single maximum of phase angle  corresponds 
to each capacitive loop in Nyquist plots. Furthermore, 
the Nyquist plots are not perfect semicircles, and this 
imperfection usually refers to frequency dispersion 
which may be attributed to roughness and other 
inhomogeneities of electrode surface [39]. 

From the graphical representation of  log |Z| vs. 
log Frequency, in  Bode diagram (Fig. 3b), it can be 
seen that the impedance response of carbon steel in 
1.5 mol L-1 HCl solution shows a significant change after 
QNS addition, indicating that the electrode impedance 
increases with increasing the inhibitor concentration. 
From Bode graphs plotted as Phase vs. log Frequency 
(Fig. 3b), it may observe that the phase angle does not 
exceed to 90o (like for pure capacitive impedance) [28], 
reaching a maximum value of 76.1o, for 0.4 mmol L-1 of 
QNS.  Consequently, log |Z| vs. log Frequency 
Bode plots (Fig. 3b) show two horizontal plateaus: at 
the highest frequencies which is attributed to log Rs 

(solution resistance) [28]; at the lowest frequencies that 
represents log (Rs + Rct) [28], where Rct is the charge 
transfer resistance. The impedance data of carbon 
steel corroded in 1.5 mol L-1 HCl solution, without and 
with various QNS concentrations were fitted using an 
equivalent circuit (inserted in Fig. 3a) which involves Rs 

(solution resistance), Cdl (the double layer capacitance) 
and Rct (charge transfer resistance) that is in parallel 
placed with Cdl. Thus, in Nyquist plots, the intersection 
of the capacitive loop with the real axis, at very low 
frequencies, represents the charge transfer resistance 
(Rct), and the solution resistance (Rs) at very high 
frequencies [39]. The double layer capacitance (Cdl) 
was derived from frequency, at which the imaginary 
component of the impedance (-Zimax) was maximal 
[28,37,39], using the relationship, Eq. 2 [28,37,39]:

                
                                               (2)

Similar curves were obtained for other inhibitors 
[28,39-41] and for other concentrations of quinine [37]. 
The inhibition efficiency (IE) was determined using the 
following expression, Eq. 3 [28,40,41]: 

Table 1. Electrochemical parameters and inhibition efficiency (IE) obtained from Tafel polarization for carbon steel   corroded in 1.5 mol L-1 HCl 
      solution in the absence and in the presence of various concentrations of QNS, at room temperature.

C-QNS
(mmol  L-1)

Ecorr
(V vs.Ag/AgCl)

icorr
(mA cm-2)

ba
(mV dec-1)

bc
(mV dec-1)

IE
(%)

0 -0.55 2.83 94 135 0

0.1 -0.526 0.936 87 141 66.9

0.2 -0.508 0.64 89 148 77.3

0.3 -0.474 0.36 83 146 87.2

0.4 -0.468 0.195 85 143 93.1
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Figure 3. Equivalent circuit model (a), Nyquist (a) and Bode (b) diagrams of carbon steel corroded in 1.5 mol L-1 HCl blank solution and in 
1.5 mol L-1 HCl solution containing various concentrations of QNS, after potentiodynamic polarization, at room temperature.
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                                                  (3)

where Rct and Ro
ct represent the charge transfer 

resistances in the presence and in the absence of QNS.
The impedance parameters derived from EIS 

measurements Rs, Rct, Cdl were calculated using 
VoltaMaster 4 software with an error of ±1%, and these 
are listed in Table 2.

The inspection of data from Table 2 reveals that the 
addition of QNS in 1.5 mol L-1 HCl solution increases 
Rct and decreases Cdl, and consequently IE enhances, 
reaching a maximum value of 93.6%, at 0.4 mmol L-1 
of QNS. The decrease in Cdl could be attributed to the 
decrease in local dielectric constant and/or an increase 
in the thickness of the electrical double layer [28], 
signifying that QNS molecules forms an adsorbed layer 
on carbon steel which protects the substrate against 
corrosion.

3.3. QNS action mechanism
To propose a possible mechanism of QNS action 
as corrosion inhibitor for carbon steel corrosion in 
1.5 mol L-1 HCl solution, it is necessary to estimate its 
possibilities to bind on  the substrate surface, in order 
to establish the inhibitor adsorption ways to explain the 
protective film formation. To study the electrochemical 
stability of QN, as well as its adsorption capacity on 
carbon steel surface, the UV-Vis scans of studied 
solutions, before and after corrosion processes, were 
performed. As an example is Fig. 4, which illustrates 
the UV-Vis scans obtained for QNS concentration of 
0.1 mmol L-1 (0.2 mmol L-1 QN) before and after both, 
potentiodynamic polarization and EIS measurements, at 
room temperature.  

From Fig. 4, it can be seen that the UV-Vis spectrum 
of the QN shows two intense bands at  279  and 
335 nm, these bands being assigned to π→π*, n→π* 
transition over the whole conjugated system of the QN 
[38,42,43]. Similar result was obtained for QN in DMSO 

[43], the differences consisting in slightly alteration of 
wavelength from 277 [43] to 279 corresponding to the 
first band, and from 340 [43] to 335 for the second band. 
After corrosion, it can be observed that QN absorbance 
decreases without altering the wavelength of adsorption 
maximum, and consequently the inhibitor concentration 
in corrosive medium follows the same trend.

A very small decrease in the QN concentration is 
due to its adsorption on carbon steel surface [44,45], 
a process which may occur by several mechanisms. 
Moreover, a relatively large deviation from the baseline 
in the wavelength range between 350 and 400 nm  is 
observed to the spectrum obtained after EIS. This 
may suggest a changing of corrosive media by the 
appearance of other species in very small amount, 
which may not be detected by a nuanced peak on UV-
Vis scan. These species could be attributed to some 
complexes which get created between QN as ligand, 
and iron ions, knowing that these complexes were 
found at a wavelength of 378 nm [43]. Also, a part of 
these complexes can be adsorbed on the metal surface, 

Table 2. Electrochemical  parameters  and  inhibition  efficiency (IE) obtained from EIS for carbon steel corroded in 1.5 mol L-1 HCl solution in the  
     absence and in the presence of various concentrations of QNS, at room temperature.

C-QNS 
(mmol  L-1)

Rs
(Ω cm2)

Cdl
(μF cm-2)

-Phase 
(degree)

Rct
(Ω cm2)

IE
(%)

0 0.64 96.34 66.9 42.5 0

0.1 0.61 85.04 68.5 183.9 76.8

0.2 0.57 71.09 72.3 378.2 88.7

0.3 0.53 66.37 74.1 485.7 91.2

0.4 0.35 42.78 76.1 659.7 93.6
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0.8
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ba

nc
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Figure 4. UV-Vis scans obtained for 0.1 mmol L-1 QNS 

(0.2 mmol L-1 QN) in 1.5 mol L-1 HCl solution, before 
and after potentiodynamic polarization and EIS 
measurements of carbon steel, at room temperature.
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contributing to the formation of protective layer. Gradual 
decrease of absorbance, after EIS, suggests that the 
adsorption process is irreversible and/or it prevails the 
desorption process of QN molecules from the surface of 
carbon steel.

As a conclusion, it can be suggested the following 
assumptions on the QN possibilities adsorption on the 
substrate, as follows: (i) a pure adsorption which implies 
the interactions between iron d-orbital and the lone pairs 
of electrons from oxygen and nitrogen atoms. Thus,  
Fe-O bonds via the hydroxyl oxygen atom, as well as a 
coordination of quinine with iron, through the quinoline 
and quinuclidinic nitrogens may be resulted; (ii) the 
occurrence of quinine complexes with iron ions with 
participation of quinoline nitrogen in coordination. The 
literature data attest that quinine forms the complexes 
with different metals [42,43,47-49] including iron 
[43,46,47], implying the quinoline nitrogen [43,46,47], 
as well as a coordination of quinine with metal through 
the quinoline nitrogen and the -C=C- double bond 
[43]. Thus, it is very probable to occur the complexes 
such as: [Fe(Quinine)Cl2H2O]SO4•3H2O [43,47] and/or 
[(Quinine)(---FeCl-O-SO2-O-FeCl-O-SO2---)], the latter 
[43]  having  a polymeric structure with zig-zag extended 
chains.

Taking into account those above expressed, we 
consider that QNS acts as inhibitor for carbon steel 
corrosion in hydrochloric acid solution through two 
mechanisms related to the formation of a protective 
layer: by the pure adsorption of QN through interactions 
between the metal and the lone pairs of electrons 
from oxygen and nitrogen atoms; the complexes 
formation between QN and iron ions, which involve the 
stable anchoring of the QN molecules on carbon steel 
surface improving the adherence of protective layer on 
the substrate. 

3.4. Adsorption isotherm
The adsorption isotherms, such as: Langmuir 
[27,40,44,50,51], Temkin [41,50,52], Frumkin [50] and  
Freundlich  [50] may be applied, in order to express 
quantitatively the adsorption of the inhibitor molecules 
on the metal surface, by fitting the degree of surface 
coverage (θ) values, with maximum regression 
coefficients. In our study, the best fitting was found for 
Temkin adsorption isotherm which may be expressed by 
Eq. 4 [41,50,52].

                                                         (4)

A linear expression for Temkin adsorption isotherm 
is presented as Eq. 5. This enables to determine the 
adsorption-desorption equilibrium constant (K) [41,52].

                     
                                             (5)

where C is the concentration (mol L-1) of QN in the 
bulk electrolyte, θ is the degree of surface coverage 
(θ = IE/100), K is the adsorption-desorption equilibrium 
constant and f  is a heterogeneous factor of metal 
surface, representing the number of surface active sites 
occupied by one inhibitor molecule. 

To better support of Temkin isotherm application, 
it was considered an average value for degree of 
surface coverage (θc) which was calculated using 
the data obtained by both methods: potentiodynamic 
polarization and EIS measurements. The values 
of θc vs. QN concentration (C-QN) were fitted as a 
logarithmic function with a standard deviation of 0.9995, 
as shown in Fig. 5a. This confirms that the θc vs. lnC 
gives a straight line and the Temkin adsorption isotherm 
constitutes the best model to fit the experimental data 
obtained under our laboratory conditions. The Temkin 
diagram corresponding to studied inhibitor, under the 
given laboratory conditions, is shown in Fig. 5b. 

The straight line relationship was obtained with 
regression coefficient (R2) reaching a value of 0.9977, 
this being very close to unity; also, it indicates the validity 
of Temkin model for the adsorption of QN molecules on 
carbon steel surface. The equation and deviation from 
linearity (R2) are inserted in the graph presented in 
Fig. 5b. The slope of this line is equal to 1/f and the 
intercept from which the value of K was calculated is 
represented by [(1/f)·ln K]. It can be observed that K has 
a value of 5.28×105 L mol-1 and f = 6.45. It is noticed 
that the value of “f” is more than unity, meaning that, a 
single molecule of QN disables several active sites on 
the metal surface [28,41,52].

The equilibrium constant of adsorption-desorption 
(K) was used to calculate the free energy of adsorption 
(ΔGo

ads) using Eq. 6 [20,28,27,40,41]:

                                           (6)

where R is the universal gas constant (8.31 J mol-1 K-1), 
T is the temperature (298 K) and 55.5 is the molar 
concentration of water in the solution. 

The negative value (-42.57 kJ mol-1) obtained for 
ΔGo

ads indicates a spontaneous adsorption of QN 
molecules and usually characterizes their strong 
interaction with the metal surface [28,50,53-55]. The 
ΔGo

ads value of (-40 kJ mol-1) is usually accepted as 
a threshold value between chemical and physical 
adsorption [50,54,55]. The ΔGo

ads value obtained in our 
study (-42.57 kJ mol-1) shows a chemical adsorption 
mechanism, thus confirming the assumptions stated 
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under paragraph 3.3. In the previously study, Awad 
[37] proposed a physisorption mechanism between 
QN molecules and the steel surface through “bridged 
chloride”, considering the θ values deduced from 
potentiodynamic polarization and their fitting according 
to Langmuir adsorption isotherm. The main difference 
between the Awad model [37] and adsorption model 
that was proposed in this study is due to the processing 
of experimental data. In the latter case, these being 
fitted according to the results obtained from both 
methods, the potentiodynamic polarization and the 
EIS measurements, performed successively, and 
thus confirming the protective film stability. Moreover, 

until the reaching of final texture of the protective 
layer, the mechanism of inhibitor film formation 
involves several cycles of adsorption-desorption of 
QN molecules, the predominance of one or another 
being dependent on the potential of electrode, as 
shown the potentiodynamic curves (Fig. 2). In some 
cases the simultaneous occurrence of both processes 
physisorption and chemisorption is acceptable, but the 
preponderance of each is questionable. Thus, it is very 
probable that the first stage of film formation implies the 
adsorption of QN on the carbon steel surface through 
the “bridged chloride”, as Awad [37] showed, but it can 
not be excluded parallel courses of other adsorption 
types, such as the pure adsorption of inhibitor and/
or complexes occurrence between iron ions and QN, 
sustaining the chemical adsorption mechanism which 
was attested by Temkin adsorption isotherm and 
maximum IE value of 93.6% maintained after EIS 
measurements.

4. Conclusions
QNS behaves as corrosion inhibitor in 1.5 mol L-1 HCl 
solution. The potentiodynamic polarization and EIS 
measurements were performed at room temperature, 
in order to estimate QNS inhibition efficiency that 
reached a maximum value of 93.35±0.25% for inhibitor 
concentration of 0.4 mmol L-1. 

The UV-VIS spectrophotometry shows a decrease 
of the QN concentration in 1.5 mol L-1 HCl solution 
after corrosion, suggesting that the adsorption process 
occurs between the organic compound from aqueous 
phase and the electrode surface.

A sinergic action mechanism of QNS was proposed, 
implying a pure adsorption through  interactions 
between  iron d-orbital with lone pairs of electrons 
of oxygen and nitrogen atoms from QN molecule 
supplemented by highlighting of QN complexes with 
iron ions. The adsorption was discussed according to 
Temkin isotherm. The value of -42.57 kJ mol-1 obtained  
for the free energy of adsorption (ΔGo

ads) constitutes 
the support for chemical adsorption mechanism of QN 
molecules on carbon steel surface.
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Figure 5. Variation of degree of surface coverage (θ) over 
QN concentration (a); Temkin adsorption isotherm 
(b) obtained for carbon steel corroded in 1.5 mol L-1 HCl 
solution without and with various concentrations of QN, 
at room temperature.
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