
www.derpharmachemica.comt Available online a 
 

 
 

 
 

 
Scholars Research Library 

 
Der Pharma Chemica, 2015, 7(10):77-88 

(http://derpharmachemica.com/archive.html) 

 

 
 

ISSN 0975-413X 
CODEN (USA): PCHHAX 

 

77 
www.scholarsresearchlibrary.com 

Correlated DFT and electrochemical study on inhibition behavior of ethyl 6-
amino-5-cyano-2-methyl-4-(p-tolyl)-4H-pyran-3-carboxylate for the corrosion 

of mild steel in HCl 
 

M. El Hezzat1, M. Assouag2, H. Zarrok 3, Z. Benzekri4, A. El Assyry5, S. Boukhris4, A. 
Souizi4, M. Galai6, R. Touir6,7, M. Ebn Touhami6, H. Oudda3 and A. Zarrouk 8 

 
1Laboratoire de Physico-Chimie des Matériaux Vitreux et Cristallisés, Faculté des Sciences, Université Ibn Tofail, 

kenitra, Morocco 
2Equipe Matériaux Avancés et Applications ENSAM, Université Moulay Ismail, Al Mansour, Meknès, Morocco 

3Laboratoire des procèdes de séparation, Faculté des Sciences, Université Ibn Tofail, Kenitra, Kenitra, Morocco 
4Laboratoire de Chimie Organique, Organométallique et Théorique, Faculté des Sciences, Université Ibn Tofail, 

kenitra, Morocco 
5Laboratoire d’Optoélectronique et de Physico-chimie des Matériaux (Unité associée au CNRST), Département de 

Physique,Université Ibn Tofail, Kenitra, Maroc 
6Ingénierie des Matériaux et d’Environnement: Modélisation et application, Faculté des Sciences, Université Ibn 

Tofail, Kenitra, Morocco 
7Centre Régional des métiers de l’éducation et de la formation (CRMEF), Avenue Allal Al Fassi, Madinat Al Irfane, 

Rabat, Morocco 
8LCAE-URAC18, Faculty of Science, Mohammed first University, Oujda, Morocco 

_____________________________________________________________________________________________ 
 
ABSTRACT 
 
The inhibition effect of ethyl 6-amino-5-cyano-2-methyl-4-(p-tolyl)-4H-pyran-3-carboxylate (Pyr2) on the corrosion 
of mild steel  in 1.0 M HCl was investigated by electrochemical (potentiodynamic polarization and electrochemical 
impedance spectroscopic studies) and theoretical methods. The potentiodynamic polarization was carried at 
different temperatures ranging from 298 to 328 K. In all the studies, Inhibition efficiency increases with increase in 
concentrations of Pyr2 but decreases with rise in the temperature. Potentiodynamic polarization measurements 
confirmed that the inhibitive action of this compound is of mixed type. The activation parameters and 
thermodynamic values responsible for the adsorption were discussed. The adsorption of the inhibitor on mild steel 
surface has been found to obey the Langmuir isotherm. Density functional theory (DFT) at the B3LYP/6-311G(d,p) 
basis set level was performed. Excellent correlation was found between experimental and theoretical results. 
 
Keywords: Mild steel, HCl, Corrosion inhibition, Pyrane derivative, Electrochemical techniques, DFT 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

Excessive corrosion attacks occur on mild steel surfaces deployed in service in aqueous aggressive environments. 
The dissolution of metals in such environment can be significantly suppressed by the addition of few compounds to 
the environment that adsorb on metal decrease its dissolution. Several organic molecules containing N, O, and S 
were reported as corrosion retarding agents for mild steel in acid solutions [1-18]. The nature of the adsorption of 
inhibitor depends on the type of metal, structure of the molecule, and the strength of the electrolyte. 
 
The corrosion of mild steel may proceed through various mechanisms and manifest in different forms in any given 
environment. Accordingly, in order to be considered effective, an inhibitor may require performing through various 
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functions. The adsorption of inhibitors is by the attractive forces arose between the inhibitor molecules and the metal 
surface. The electrostatic force in-between the charged metal surface and inhibitors is physisorption. The process of 
forming coordinate bond between the unshared electrons of the inhibitors and the metal surface is known as 
chemisorption. The adsorption will be favored by the presence of heteroatoms (S, N, and O) and their lone-pair of 
electrons and aromatic rings in the inhibitors [19-34]. 
 
The aim of the present work is to investigate the effects of ethyl 6-amino-5-cyano-2-methyl-4-(p-tolyl)-4H-pyran-3-
carboxylate (Pyr2) as corrosion inhibitor for mild steel in 1.0 M HCl solution using electrochemical techniques. 
Thermodynamic activation parameters were evaluated from experimental data. The relationships between the 
inhibition performances of the investigated inhibitor in 1.0 M HCl and some quantum chemical parameters, such as 
the highest occupied molecular orbital energy (EHOMO), the lowest unoccupied molecular orbital energy (ELUMO), the 
energy gap between ELUMO and EHOMO (∆ELUMO-HOMO), dipole moments, electronegativity (χ), global chemical 
hardness (η) and the fraction of electrons transferred from the inhibitor to the iron surface (∆N). The molecular 
structure of Pyr2 is given in Figure 1. 
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Figure 1: Molecular structure of Pyr2 
 

MATERIALS AND METHODS 
 

Materials 
The steel used in this study is a mild steel with a chemical composition (in wt%) of 0.09%P, 0.01 % Al, 0.24 % Si, 
0.47 % Mn, 0.11 % C, 0.12 % Cr, 0.02 % Mo, 0.1 % Ni, 0.03 % Al, 0.14 % Cu, 0.06 % W, <0.0012 % Co, <0.003 
% V and the remainder iron (Fe).  The steel samples were pre-treated prior to the experiments by grinding with SiC 
abrasive paper of grade respectively 220, 400, 800, 1000 and 1200; rinsed with distilled water, degreased in acetone, 
washed again with bidistilled water and then dried at room temperature before use. 
 
Solutions 
The aggressive solutions of 1.0 M HCl were prepared by dilution of analytical grade 37% HCl with distilled water. 
The concentration range of ethyl 6-amino-5-cyano-2-methyl-4-(p-tolyl)-4H-pyran-3-carboxylate (Pyr2) used was 10-
6M to 10-3M. 
 

Electrochemical measurements 
The electrochemical measurements were carried out using Volta lab (Tacussel- Radiometer PGZ 100) potentiostate 
and controlled by Tacussel corrosion analysis software model (Voltamaster 4) at under static condition. The 
corrosion cell used had three electrodes. The reference electrode was a saturated calomel electrode (SCE). A 
platinum electrode was used as auxiliary electrode of surface area of 1 cm2. The working electrode was mild steel of 
the surface 1.0 cm2. All potentials given in this study were referred to this reference electrode. The working 
electrode was immersed in test solution for 30 min to a establish steady state open circuit potential (Eocp). After 
measuring the Eocp, the electrochemical measurements were performed. All electrochemical tests have been 
performed in aerated solutions at 298 K. The EIS experiments were conducted in the frequency range with high limit 
of 100 kHz and different low limit 0.1 Hz at open circuit potential, with 10 points per decade, at the rest potential, 
after 30 min of acid immersion, by applying 10 mV ac voltage peak-to-peak. Nyquist plots were made from these 
experiments. The best semicircle can be fit through the data points in the Nyquist plot using a non-linear least square 
fit so as to give the intersections with the x-axis. 
 
The inhibition efficiency of the inhibitor was calculated from the charge transfer resistance values using the 
following equation: 
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Where, R°

ct and Ri
ct are the charge transfer resistance in absence and in presence of inhibitor, respectively.  

 
After ac impedance test, the potentiodynamic polarization measurements of mild steel substrate in inhibited and 
uninhibited solution were scanned from cathodic to the anodic direction, with a scan rate of 0.5 mV s−1. The 
potentiodynamic data were analysed using the polarization VoltaMaster 4 software. The linear Tafel segments of 
anodic and cathodic curves were extrapolated to corrosion potential to obtain corrosion current densities (Icorr). The 
inhibition efficiency was evaluated from the measured Icorr values using the following relationship: 
 

ηTafel(%) = 
corr

corr(i)corr

I

II −
 × 100        (2) 

 
where Icorr and Icorr(i) are the corrosion current densities for steel electrode in the uninhibited and inhibited solutions, 
respectively. 
 
Quantum chemical calculations 
Complete geometrical optimizations of the investigated molecules are performed using DFT (density functional 
theory) with the Beck’s three parameter exchange functional along with the Lee-Yang-Parr nonlocal correlation 
functional (B3LYP) [35-37] with 6-31G* basis set is implemented in Gaussian 03 program package [38]. This 
approach is shown to yield favorable geometries for a wide variety of systems. This basis set gives good geometry 
optimizations. The geometry structure was optimized under no constraint. The following quantum chemical 
parameters were calculated from the obtained optimized structure: The highest occupied molecular orbital (EHOMO) 
and the lowest unoccupied molecular orbital (ELUMO), the energy difference (∆E) between EHOMO and ELUMO, dipole 
moment (µ), electron affinity (A), ionization potential (I) and the fraction of electrons transferred (∆N). 
 

RESULTS AND DISCUSSION 
 

EIS measurements 
The EIS analysis was done on mild steel in 1.0 M HCl in the absence and presence of different concentrations of the 
Pyr2 in order to describe the kinetics and characteristics of the electrochemical reactions occurring on the 
metal/electrolyte interface. Fig. 2(a) represents the Nyquist plots for mild steel in the absence and presence of the 
studied Pyr2 which show the imperfect semicircles resulted due to surface roughness and inhomogeneities. The 
accumulation of corrosion products and formation of pits and cracks result into the production of surface roughens 
and inhomogeneities. The impedance nature of mild steel dissolution can be explained by involvement of an 
equivalent circuit (Fig. 2b) consisting of the solution resistance (Rs), the charge transfer resistance (Rct) and double 
layer capacitance (Cdl) as described elsewhere [39]. The double layer capacitance was derived using following 
relation: 
 

( )( )
1

0

sin / 2

n

dl

Y
C

n

ω
π

−

=           (3) 

 

where Y0 is the amplitude comparable to a capacitance (with a µF cm-2), ω is the angular frequency, and n is the 
phase shift, which is a measure of surface roughness. Generally, the high value of n associated with low surface 
roughness and high surface coverage. To find more accurate fit, the constant phase element (CPE) was used in our 
present study rather than double layer capacitance. The impedance of the CPE (ZCPE) can be represented as follows: 

( ) 1

0

1
CPE n

Z j
Y

ω
− 

 =    
 

          (4) 

 
where, j is the imaginary unit. The behavior of the CPE can be explained on the basis of values on the n. Generally, 
if the value of n equals to +1, 0, and -1, the CPE behaves as resistance, capacitance and inductance, respectively 
[40].  
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Figure 2: (a): Nyquist plot for mild steel in 1.0 M HCl without and with various concentrations of Pyr2; (b): equivalent circuit model 

used to fit the EIS data 
 
The calculated values of n in absence and presence Pyr2 at different concentrations are given in Table 1. Several 
impedance parameters such as Rs, Rct, Cdl, n and ηz% were derived using above equivalent circuit shown in Fig. 2(b) 
and are given in Table 1. From the results shown in Table 1 it was observed that values of Rct increase whereas the 
values of Cdl decrease in the presence of studied compound. This increase in Rct and decrease in Cdl values in the 
presence of Pyr2 are attributed due to a decrease in local dielectric constant and/ or to an increase in the thickness of 
the electrical double layer [41,42]. These results suggest that the studied Pyr2 inhibit mild steel corrosion by 
adsorbing at the metal/electrolyte interfaces. 

 
Table 1: Corrosion parameters obtained by impedance measurements for mild steel in 1.0 M HCl at various concentrations of Pyr2 

 

Medium 
 
Conc  
(M) 

 
Rs 
(Ω cm2) 

 
Rct  
(Ω cm2) 

 
n 
 

 
Cdl 
(µF/cm2) 

 
ηz 
(%) 

Blank 1.0  2.5 40 0.80 211 — 

Pyr2 

10-3 1.2 160 0.85 142 75.0 
10-4 1.0 157 0.84 153 74.5 
10-5 0.5 111 0.84 170 64.0 
10-6 0.8 102 0.83 203 61.0 

 
Potentiodynamic polarization measurements 
Effect of concentration inhibitor 
Potentiodynamic polarization curves of mild steel in 1.0 M HCl in the absence and presence of 10-6 to 10-3 M 
concentrations of Pyr2 is given in Figure 3. The potentiodynamic polarization parameters i.e. Corrosion potential 
(Ecorr), cathodic Tafel slopes (βc), corrosion current density (Icorr) and percentage inhibition efficiency (ηTafel %) were 
also calculated and given in Table 2. Complete dissolution of mild steel in acid solution can be divided into tow half 
reactions, one is the cathodic half reaction another is the anodic half reaction. The anodic half reaction involves 
dissolution mild steel through oxidation process as described earlier [43-45]: 
 

( )adsFe Cl FeCl− −+ ↔  

( ) ( )ads adsFeCl FeCl e− −↔ +  

( ) ( )ads adsFeCl FeCl e+ −↔ +  
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2

( )adsFeCl Fe Cl+ + −↔ +  

 

whereas, cathodic reaction involves the hydrogen evolution through reduction process according to following steps 
[43-45]: 
 

( )adsFe H FeH+ ++ ↔  

( ) ( )ads adsFeH e FeH+ −+ ↔  

( ) 2adsFeH H e Fe H+ −+ + ↔ +  
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Figure 3: Potentiodynamic polarization curves for the corrosion of mild steel in 1.0 M HCl solution without and with various 

concentrations of Pyr2 at 298 K 
 
The potentiodynamic curves show that there is a clear reduction of both the anodic and cathodic currents in the 
presence of Pyr2 compared with those for the blank solution. It is clear that the cathodic reaction (hydrogen 
evolution) and the anodic reaction (dissolution metal) were inhibited. From table 2 we can observed that both anodic 
Tafel slope (βa) and cathodic Tafel slope (βc) values do not change much in the presence of Pyr2 with respect to 
blank [46]. There is no definite trend observed in the Ecorr values in the presence of Pyr2. In literature [47], it has 
been reported that (i) if the displacement in Ecorr is > 85 mV with respect to Ecorr, the inhibitor can be seen as a 
cathodic or anodic type and (ii) if displacement in Ecorr is < 85, the inhibitor can be seen as mixed type. In the present 
study, shift in Ecorr values is in the range of 4-21 mV, suggesting that Pyr2 acted as mixed type of inhibitor [48,49]. 
 
Table 2: Effect of concentration of Pyr2 on the electrochemical parameters calculated using potentiodynamic polarization technique for 

the corrosion of mild steel in 1.0 M HCl at 298 K 
 

Medium 
Conc  
(M) 

-Ecorr 
(mV/SCE) 

-βc 
(mV/dec) 

βa 
(mV/dec) 

 Icorr  

(µA/cm2) 
ηTafel 
(%) 

Blank 1.0 498 105 99  467 — 
 10-3 502 88 87  109 76.6 
 10-4 511 92 83  122 74.0 
Pyr2 10-5 519 88 82  169 64.0 
 10-6 507 90 99  180 61.5 

 
Effect of temperature 
The change of the corrosion rate with the temperature was studied in the absence and in the presence of Pyr2 in 1.0 
M HCl. For this purpose, potentiodynamic polarization measurements were performed at different temperatures 
from 298 to 328 K in the absence and in the presence of different concentrations of Pyr2 (Figures 4 and 5). Figures 4 
and 5 show that raising the temperature has no significant effect on the corrosion potentials but leads to a higher 
corrosion current density (Icorr). With increasing temperature, the steel corrosion resistance decreased in both the 
presence and absence of inhibitor.  
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Figure 4: Anodic and cathodic polarization curves for steel in 1.0 M HCl without inhibitor at differen t temperatures 
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Figure 5: Anodic and cathodic polarization curves for steel in 1.0 M HCl with 10-3 M of Pyr2 at different temperatures 

 
Table 3: Various corrosion parameters for mild steel in 1.0 M HCl in absence and presence of optimum concentration of Pyr2 at different 

temperatures 
 

Medium 
  

Temp 
(K) 

-Ecorr 

(mVSCE) 
Icorr  
(µA cm-2) 

-βc  
(mV/dec)  

ηTafel  
(%) 

 
 
Blank 

298 498 467 170 — 
308 491 800 178 — 
318 475 1432 165 — 
328 465 2052 151 — 

Pyr2   

298 502 109 88 76.6 
308 489 287 96 64.0 
318 498 580 93 59.0 
328 524 901 105 56.0 

 
The electrochemical parameters were extracted and summarized in Table 3. The dependence of the corrosion rate on 
temperature can be expressed by the Arrhenius equation [50]: 
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exp a
corr

E
I k

RT
 = − 
 

          (5) 

 
where Ea is the apparent activation corrosion energy, R is the universal gas constant and k is the Arrhenius pre-
exponential constant Arrhenius plots for the corrosion density of mild steel in the case of Pyr2 are given in Fig.7. 
Values of apparent activation energy of corrosion (Ea) for mild steel in 1.0 M HCl with the absence and presence of 
Pyr2 were determined from the slope of Ln (Icorr) versus 1/T plots and shown in Table 4. 
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Figure 7: Arrhenius plots of mild steel in 1.0 M HCl with and without 10-3 M of Pyr2 
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Figure 8: Transition Arrhenius plots of mild steel in 1.0 M HCl with and without 10-3 M of Pyr2 

 
Table 4: The values of activation parameters Ea, ∆Ha and ∆Sa for mild steel in 1.0 M HCl in the absence and presence of 10-3 M of Pyr2 

 
Medium  Ea  

 (kJ/mol) 
∆Ha  

(kJ/mol) 
∆Sa  

(J/mol K) 
Blank 40.88 38.29 -65.21 

Pyr2 57.45 54.85 -20.96 

 
According to the report in literature [51], higher value of Ea was considered as physiadsorption that occurred in the 
first stage. Because the electrochemical corrosion is relevant to heterogeneous reactions, the preexponential factor k 
in the Arrhenius equation is related to the number of active centers. There are two possibilities about these active 
centers with different Ea on the metal surface: (1) the activation energy in the presence of inhibitors is lower than 
that of pure acidic medium, namely Ea(-inh) < Ea(HCl), which suggests a smaller number of more active sites remain 
uncovered in the corrosion process; (2) the activation energy in the presence of inhibitor is higher than that of pure 
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acidic medium, Ea(inh) > Ea(HCl), which represents the inhibitor adsorbed on most active adsorption sites (having 
the lowest energy) and the corrosion takes place chiefly on the active sites (having higher energy). 
 
The data in Table 4 specifically indicate that the value of Ea in the presence of Pyr2 is larger than that in the absence 
of Pyr2. Thus, it is clear that the adsorption of Pyr2 on mild steel surface blocks the active sites from acid solution 
and consequently increases the apparent activation energy.  Then, it can be suggested that the Pyr2 adsorb by 
physisorption on metallic surface. 
 
Activation parameters like enthalpy (∆Ha) and entropy (∆Sa) for the dissolution of mild steel in 1.0 M HCl in the 
absence and presence of  10-3 M Pyr2 were calculated from the transition state equation (Eq. (6)) [52]: 
 

a aexp expcorr

S HRT
I

Nh R RT

   ∆ ∆= −   
   

                                                     (6) 

 
where Icorr is the corrosion rate, A is the pre-exponential factor, h is Planck’s constant, N is the Avogadro number, R 
is the universal gas constant, ∆Ha is the enthalpy of activation and ∆Sa is the entropy of activation.  
 
Fig. 8 showed the Arrhenius plots of Ln (Icorr/T) versus 1/T gave straight lines with slope  
(-∆Ha/R) and intercept (Ln R/Nh + ∆Sa/R) from w hich ∆Ha and ∆Sa values were calculated. The activation 
parameters are given in Table 4. 
 
The positive sign of the enthalpies ∆Ha reflects the endothermic nature of the steel dissolution process whereas large 
negative values of entropies ∆Sa from Pyr2 imply that the activated complex in the rate determining step represents 
an association rather than a dissociation step, meaning that a decrease in disordering takes place on going from 
reactants to the activated complex [53,54].  
 
Adsorption Isotherm  
The adsorption on the corroding surfaces never reaches the real equilibrium and tends to reach an adsorption steady 
state. However, when the corrosion rate is sufficiently small, the adsorption steady state has a tendency to become a 
quasi-equilibrium state. In this case, it is reasonable to consider the quasi-equilibrium adsorption in a 
thermodynamic way using the appropriate equilibrium isotherms.41 The efficiency of the Pyr2 as a successful 
corrosion inhibitor mainly depends on its adsorption ability on the metal surface. So, it is essential to know the mode 
of adsorption and the adsorption isotherm that can give valuable information on the interaction of inhibitor and 
metal surface. 
 
The surface coverage values, θ (θ = (ηTafel/%)/100), for different concentrations of Pyr2 were used to explain the best 
adsorption isotherm. A plot of Cinh/θ versus Cinh (Figure 9) gives a straight line with an average correlation 
coefficient of 0.99999 and a slope of nearly unity suggests that the adsorption of Pyr2 molecules obeys Langmuir 
adsorption isotherm, which can be expressed by the following equation: 
 

inh
ads

inh 1
C

K

C +=
θ

                                                (7) 

 
where Cinh is the inhibitor concentration and Kads is the equilibrium constant for adsorption-desorption process. 
From the intercepts of the straight lines on the Cinh/θ-axis (Figure 9), Kads can be calculated which is related to free 

energy of adsorption, adsG°∆  as given by 

 

1
( )exp( )
55.5

ads
ads

G
K

RT

°∆= −                                                      (8) 

 
where R is gas constant and T is absolute temperature of experiment and the constant value of 55.5 is the 
concentration of water in solution in mol dm-3. The thermodynamic parameters are listed in Table 5.  
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Figure 9: Adsorption isotherm according to Langmuir’s model derived from weight loss measurement 
 

Table 5: Thermodynamic parameters for the adsorption of Pyr2 in 1.0 M HCl on the mild steel at 298K 
 

Kads 

(M -1) 
R2 adsG°∆  

(kJ/mol) 
400036.8 0.99999 -41.91 

 
From table 5, the negative values of standard free energy of adsorption indicate spontaneous adsorption of organic 
molecules on metallic surface and also the strong interaction between inhibitor molecules and mild steel surface 
[55,56]. Generally, the standard free energy values of - 20 kJ mol−1 or less negative are associated with an 
electrostatic interaction between charged molecules and charged metal surface (physical adsorption); those of - 40 kJ 
mol−1 or more negative involves charge sharing or transfer from the inhibitor molecules to the metal surface to form 

a co-ordinate covalent bond (chemical adsorption) [57,58]. Based on the literature [59], the calculated ο

adsG∆  value 

in this work indicates that the adsorption mechanism of Pyr2 on mild steel is chemisorption. 
 
Quantum chemical study 
In order to investigate the correlation between the molecular structure of the inhibitor and its inhibition effect, 
quantum chemical calculations have been performed. Fig. 10 shows the optimized geometric structure and the 
electron density distribution of both HOMO and LUMO. The related quantum chemical parameters including 
EHOMO, ELUMO, ∆E, µ, electron affinity (A), ionization potential (I) and the fraction of electrons transferred (∆N) are 
given in Table 6. From Fig. 10, it can be found that the electron density distribution of both HOMO and LUMO are 
localized on the whole molecule. 
                                                                          (a) 
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                                       (b)                                                                            (c) 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

Figure 10: Optimized geometric structure (a) and the electron density distributions of both HOMO (b) and LUMO (c) for the Pyr2 
 
It is well known that HOMO is often associated with the ability of the molecule to donate electron and high EHOMO 
value means a strong electron-donating ability [60-64], while LUMO indicates the electron-accepting ability of the 
molecule and the lower value of ELUMO indicates that the molecule would more probably accept electrons [60-64]. 
The energy gap (∆E) between HOMO and LUMO reflects the stability of the molecule, a smaller ∆E implies that the 
molecule is much easier to be polarized and adsorbed on the metal surface [60,63-65]. In addition, owing to the 
dipole-dipole interaction between molecules and metal surface, high values of the dipole moment can lead to 
stronger inhibition [63,64]. The results of Table 6 shows that the values of EHOMO and ELUMO are lower, which 
indicates the Pyr2 cation is more likely to accept electrons rather than donate electrons. The µ of the Pyr2 cation is 
higher than that of H2O [63]. The high value of µ probably increases the adsorption between the Pyr2 cation and 
metal surface [63]. 

 
Table 6: The computed molecular parameters for Pyr2 compound 

 

HOMOE  (eV) LUMOE  (eV) E∆ gap (eV) µ (debye) I  (eV) A  (eV) N∆  

-6.3130 -4.9797 1.3333 7.4032 6.3130 4.9797 1.015263 

 
In addition the number of transferred electrons (∆N) was also calculated depending on the quantum chemical 
method [66]: 

( )2
Fe inh

Fe inh

N
χ χ
η η

−∆ =
+

                                                   (9) 

 
where χFe and χinh denote the absolute electronegativity of iron and the inhibitor molecule, respectively; ηFe and ηinh 
denote the absolute hardness of iron and the inhibitor molecule, respectively. These quantities are related to electron 
affinity (A) and ionization potential (I) as follows: 
 

2
I Aχ += ;  

2
I Aη −=                                  (10) 

 
I and A are related [67] in turn to EHOMO and ELUMO as follows: 
I = -EHOMO; A = -ELUMO                                                                  (11)  
 
For iron atom, a theoretical χ value of 7 eV mol-1 and η value of 0 eV mol-1 were used [68] to calculate the number 
of electrons transferred (∆N) from inhibitor to the iron atom. The number of transferred electrons depends strongly 
on what the actual quantum chemical method employed for computation. Furthermore, the expression ‘‘number of 
transferred electrons’’ is the wording ‘‘electron-donating ability’’, which does not imply that the figures of ∆N 
actually indicate the number of electrons leaving the donor and entering the acceptor molecule. 
 
Using Eq. 9, the value of electron-donating ability (∆N) was calculated and its value is given in Table 6. If ∆N < 3.6 
(electron), the inhibition efficiency increases with increasing value of ∆N, while it decreased if ∆N > 3.6 (electron) 
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[68,69]. In present contribution, Pyr2 is the donor of electrons, and the iron surface atom was the acceptor. The Pyr2 
was bound to the mild steel surface, and thus formed inhibition adsorption layer against corrosion at mild 
steel/hydrochloric acid solution interface. 
 

CONCLUSION 
 

Ethyl 6-amino-5-cyano-2-methyl-4-(p-tolyl)-4H-pyran-3-carboxylate (Pyr2) is a good inhibitor for corrosion of mild 
steel in 1.0 M HCl, and the inhibition efficiency increases with increase in the concentration of the Pyr2 but 
decreases with rise in temperature. Polarization measurements show that Pyr2 inhibits both the anodic and cathodic 
processes of the corrosion of mild steel in 1.0 M HCl solution, which is a mixed type corrosion inhibitor. EIS results 
showed that as the inhibitor concentration increased the charge transfer resistance increased and the double layer 
capacity decreased. Pyr2 acted through adsorption on the mild steel surface and its adsorption obeyed the Langmuir 
adsorption isotherm. The value of free Gibbs energy showed that compound was adsorbed on the steel surface via 
chemical adsorption. Theoretical calculations provide good support to experimental results. 
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