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Abstract 

6-Bromo-2-methyl-1H-imidazo[4,5-b]pyridine (P1), was investigated for its adsorption 

and corrosion inhibition traits for mild steel corrosion in 1.0 M HCl solution. 

Gravimetric, potentiodynamic polarization and electrochemical impedance 

spectroscopy methods, were used to test the nature of adsorption and the inhibition 

effect of P1 on the mild steel in acidic media. It was found that the inhibition efficiency 

improved with the increase of P1 concentration in the acid solution (1.0 M HCl). The 

adsorption of P1 favored Langmuir adsorption isotherm. The results of corrosion tests 

confirmed that P1 could serve as an efficient corrosion inhibitor for the mild steel in 1.0 

M HCl solution, yielding a high efficiency and low risk of environmental pollution. 

The theoretical quantum chemical calculations were in good correlation with the 

experimental results. 

  

Keywords: Imidazo[4,5-b]pyridines, Mild steel, Polarization, Electrochemical impedance spectroscopy, Quantum 

chemical calculations (DFT). 
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1. Introduction  

Mild steel with its relatively high strength, low cost, and widespread availability has been extensively utilized in 

numerous industrial applications such as petrochemical plants, power plants, oil and gas refineries, distillers, and 

ships[1-5]. However, low resistance of mild steel to acid corrosion has been the major hurdle in its applications, and 

therefore a need  remains to prolong the lifetime of mild steel. Among the various approaches employed to minimize 

steel corrosion in acidic environment, the usage of inorganic/organic inhibitors is a well-established and cheapest 

method[6-10]. The inhibitors can be added to water tanks, pipeline streams, and so forth or incorporated into paint 

coatings, where they may form passive or almost impermeable films on the metal surface to reduce the rate of 

corrosion. Unfortunately, most of them are expensive, toxic toward the environment, and non-biodegradable. The 

adversely affecting chemicals and recent increase in environmental awareness have geared the research activities 

toward the development of nontoxic, cheap, environment-friendly, and biodegradable substances as inhibitors.  

Imidazo[4,5-b]pyridines are very useful intermediates/subunits for the development of molecules of pharmaceutical or 

biological interest. Imidazo[4,5-b]pyridine and its derivatives are an important class of bioactive molecules in the field 

of drugs and pharmaceuticals. Their activity includes antiviral anticancer,  tituberculostatic  and antimitotic actions 

[11-14]. They have also been evaluated as antagonists of various biological  receptors including angiotensin-II [15]. 

Additionally, imidazo[4,5-b]pyridine derivatives have shown corrosion inhibition properties [16,17]. Hence, the 

synthesis of imidazo[4,5-b]pyridine derivatives represents nowadays an important topic in organic synthesis. The 

current work aims to study the effect of 6-Bromo-2-methyl-1H-imidazo[4,5-b]pyridine (P1) as environmentally 

friendly inhibitor for mild steel in 1.0 M HCl solution. Different methods such as potentiodynamic polarization, 

electrochemical impedance spectroscopy (EIS) and gravimetric measurements were used in this study.  

 

2.  Experimental 

2.1. Synthesis of P1 Inhibitor 

Dehydroacetic acid (3-acetyl-4-hydroxy-6-methyl-3H-pyran-2-one) (0.27 g, 1.6 mmol) was added to a solution of 5-

bromopyridine-2,3-diamine (0.3 g, 1.6 mmol) in ethanol (15 ml) in a round bottomed flask. The mixture was refluxed 

for 24 hours. After the completion of reaction (as monitored by TLC), the crude product was obtained by suction 

filtration. The crude compound was recrystallized using a mixed solution of ethanol–water (1:1). The crystals obtained 

were colorless plates with  a percentage yield equal to 68%, Scheme 1. 
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Scheme 1: Synthesis of 6-bromo-2-methyl-1H-imidazo[4,5-b]pyridine P1. 

 

 2.2. Materials 

Mild steel specimens with composition (wt %) Fe 99.30%, C 0.076%, Si 0.026%, Mn 0.192%, P 0.012%, Cr 0.050%, 

Ni 0.050%, Al 0.023%, and Cu 0.135%, were polished using 600-1200 grade SiC Emery papers, washed with double 

distilled water, degreased with acetone in ultrasonic bath and finally allowed to dry in hot air. The gravimetric 

experiments were performed on mild steel specimens having dimension of 2.0 × 2.0 × 0.25 cm
3
. On the other hand, 
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mild steel specimens with an exposed area of 1 cm
2
 were used as working electrode for all electrochemical 

measurements. All the gravimetric and electrochemical experiments were performed in 1.0 M HCl solution. The 1.0 M 

HCl solutions were prepared by diluting the AR-grade HCl reagent (35%, MERCK) with double distilled water. 

 

2.3. Gravimetric Measurements 

The gravimetric experiments were performed as described previously [18]. All experiments were triply performed and 

the mean values were reported. Corrosion rate CR (mg cm
-2 

h
-1

) was calculated using the following relation: 

R

W
C

At
      (1) 

Where, W is the average weight loss of three parallel mild steel strips, A is the exposed area of  the strip and t is the 

immersion time (6 hours). From this calculated corrosion rate (CR), the inhibition efficiency (η %) and surface 

coverage () were calculated using the following relations: 

R R(i)

R

% 100
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Where CR and CR(i) are the corrosion rate values for mild steel in 1.0 M HCl solutions in the absence and presence of 

different concentrations of P1 inhibitor, respectively. 

 

2.4. Electrochemical Measurements 

The conventional three electrode cell was used for electrochemical experiments. The mild steel specimens with a1 cm
2
 

exposed area as working electrode, high purity platinum as auxiliary electrode and saturated calomel electrode as 

reference electrode were used for electrochemical measurements. All the electrochemical experiments were performed 

with potentiostat PGZ 100 in 1.0 M HCl solutions in the absence and presence of different concentrations of P1 

inhibitor after 30 minutes immersion time. Voltamaster software was used to analyze the experimental data derived 

from electrochemical studies. The EIS measurements were performed in frequency range of 100 kHz to 10 mHz under 

potentiodynamic condition having amplitude 10 mV peak to peak using AC signal at open circuit potential. From 

Nyquist plots, the charge transfer resistance (Rct) values were calculated. Corrosion inhibition efficiency was 

calculated from the charge transfer resistance values using the following relationship:  

( )

% 1 100ct

ct i

R

R


 
    
     

(4) 

Where, Rct  and Rct(i)  are the charge transfer resistance values in 1.0 M HCl solutions in the absence and presence of 

different concentrations of P1, respectively. The potentiodynamic polarization experiments were performed by 

automatic changing the electrode potential from −800 mV to −200 mV vs SCE (cathodic and anodic potential) with 

respect to open circuit potential at a sweep rate of 1 mV s
-1

. The corrosion current densities (Icorr) were obtained by 

extrapolating the linear segment of the cathodic and anodic curves. From the corrosion current density, the inhibition 

efficiency was calculated using the following equation: 

corr(i)

corr

% 1 100
I

I


 
   
    

(5) 
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Where Icorr(i)  and Icorr are  the corrosion current density values in 1.0 M HCl solutions without and with the presence of 

different concentrations of P1, respectively.   

 

2.5. Computational Studies 

Quantum chemical calculations are used to correlate the experimental data obtained for P1 inhibitor from different 

techniques (gravimetric measurements, potentiodynamic polarization and EIS) and its structural and electronic 

properties. Popular qualitative chemical concepts such as electronegativity [19, 20] (χ) and hardness [21] (η) have 

been provided with rigorous definitions within the purview of conceptual density functional theory [22-24] (DFT). 

Electronegativity is the negative of chemical potential defined [25] as follows for an N-electron system with total 

energy E and external potential ν( ): 

                (6) 

Where, µ is the Lagrange multiplier associated with the normalization constraint of DFT [26, 27]. Hardness (η) is 

defined [28] as the corresponding second derivative as follows: 

   (7) 

Using a finite difference method, working equations for the calculation of χ and η may be given by the following 

equations [29]: 

                                         (8) 

                                         (9) 

Where, I = -EHOMO and A= -ELUMO are the ionization potential and electron affinity, respectively. Local quantities such 

as Fukui function f(r) defined the reactivity/selectivity of a specific site in a molecule. The Fukui function is defined as 

the first derivative of the electronic density q(r) of a system with respect to the number of electrons N at a constant 

external potential v(r) [30]. 

                      (10) 

Using left and right derivatives with respect to the number of electrons, electrophilic and nucleophilic Fukui functions 

for a site k in a molecule can be defined as follows [31]: 

      (11) 

        (12) 

   (13) 

where, Pk(N), Pk(N+1) and Pk(N-1) are  the natural populations  for  the  atom k  in  the neutral, anionic and cationic 

forms, respectively. The fraction of transferred electrons ΔN was calculated according to Pearson theory [32]. This 

parameter evaluates the electronic flow in a reaction of two systems with different electronegativities, in particular 

case; a metallic surface (Fe) and an inhibitor molecule. ΔN is given as follows:   

                                              (14) 

Where,  χFe and  χinh denote  the absolute electronegativity of an iron atom (Fe) and  an inhibitor molecule, 

respectively;  ηFe and ηinh denote the absolute hardness of Fe atom and the inhibitor molecule,  respectively. In order to 

apply the eq.  12  in  the  present  study,  a  theoretical  value  for  the electronegativity of bulk iron was used  χFe = 7 

eV and a global hardness of ηFe = 0, by assuming that for a metallic bulk I = A because they are softer than the neutral 
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metallic atoms [32]. The electrophilicity has been introduced by Parr et al. [33], which is a descriptor of reactivity that 

allows a quantitative classification of the global electrophilic nature of a compound within a relative scale. They have 

proposed the ω as a measure of energy lowering owing to maximize electron flow between donor and acceptor, which 

defined as follows: 

                                                        (15) 

The softness (σ) is defined as the inverse of the hardness (η) as follows [34]: 

                                                           (16) 

 

3. Results and discussion 

3.1. Gravimetric Measurements 

The corrosion values obtained from gravimetric measurements (Table 1), prove that (P1) acts as an efficient corrosion 

inhibitor for mild steel in 1.0 M HCl solution at 308 K. The inhibition efficiency increases with increasing (P1) 

concentration. The maximum inhibition efficiency value (94% ) was obtained at a P1 concentration of 10
-3

M at 308 K. 

 

Table 1: The Corrosion rate and the inhibition efficiency values for mild steel in 1.0 M HCl solutions  in the absence 

and presence of different concentrations of P1 inhibitor. 

Concentration of P1 

in 1.0 M HCl   

CR 

(mg/cm
2
 .h) 

θ η 

(%) 

-- 0.826 -- -- 

10
-6 

M 0.192 0.77 77 

10
-5 

M 0.106 0.87 87 

10
-4 

M 0.065 0.92 92 

10
-3 

M 0.049 0.94 94 

 

The degree of protection against the acid attack is directly related to the area over the surface masked by the 

adsorption of P1. The number of the adsorbed P1 molecules on the surface of the mild steel increases with increasing 

P1 concentration, resulting in better protection. The surface coverage parameter, θ, defines the fraction of mild steel 

surface area that covered by the adsorbed P1 molecules on its surface.  

 

3.2. Adsorption Isotherm  

The surface coverage (θ) values obtained from the gravimetric measurements at 308 K were fitted to the various 

models of adsorption isotherms. It was found that the most accurate fit was the Langmuir adsorption isotherm, which 

represented in the following equation: 

(17) 

Where, C is the concentration of P1 and Kads is the adsorptive equilibrium constant.  The plot of C/θ versus C (Figure 

1) gives a straight line with a slope close to unity. The value of the slope as well as the linear correlation coefficients 

(R
2
) were also close to unity, which indicates that P1 adsorption on the mild steel surface can be interpreted by the 

Langmuir adsorption isotherm. The higher the Kads is (7.31x0
5
 M

-1
), the stronger and more stable adsorbed layer of P1 

formed on the mild steel surface, which increases the inhibition efficiency. The adsorption equilibrium constant 

“Kads”, relative to standard adsorption free energy “ΔGads”, is given by equation 18: 
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∆Gads = -RT.ln(55.5Kads)              (18) 

where 55.5 represents the water concentration (mol L
-1

) in solution. The values of ΔGads obtained up to −20 kJ mol
−1

, 

generally, are indicative of the electrostatic interaction between the charged metal and a charged inhibitor molecules, 

that is, physisorption, whereas those equal to or more in negative value than −40 kJ mol
−1

, suggest the formation of 

coordinate bonds through sharing or relocation of charge from P1 molecules to the mild steel surface, which implies 

chemisorption. In the present study, the ΔG°ads value obtained for the (P1) inhibitor on mild steel in 1.0 M HCl 

solution is -44.86 kJ mol
-1

. Therefore, it is concluded that chemisorption interactions should be dominant for the 

adsorption of the P1 molecules on the mild steel surface [37].  
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Figure 1: The plot of (C/θ) versus the concentration of P1 (C) for mild steel in 1.0 M HCl solution at 308 K obtained 

from gravimetric measurements. 

 

3.3. Electrochemical measurements 

 3.3.1 Electrochemical impedance spectroscopy (EIS)  

The corrosion of mild steel in 1.0 M HCl solution in the presence of P1 was investigated by EIS at 308 K after an 

exposure period of 1/2 h at OCP. Nyquist plots for mild steel obtained at the interface in the absence and presence of 

various concentrations of P1 is given in Figure 2. The Nyquist plots show semicircles with single capacitive loop and 

increasing diameter as the concentration of the P1 increases. Deviations from a perfect circular shape indicate 

frequency dispersion of interfacial impedance arising from lack of homogeneity of the electrode surface due to 

roughness or interfacial phenomenon [38, 39]. That is why the pure capacitance is substituted by a Constant Phase 

Element (CPE), i.e., a model element of frequency distributed behavior is introduced to the structural model illustrated 

in Figure 3. CPE summarizes the impedance answer of the distribution process in a single expression given by [40]: 

 

(19) 

 

Where, ZCPE is the impedance of CPE, A is the CPE constant, ω is the angular frequency, j is the imaginary unit (–1)
1/2

, 

and n has the meaning of a phase shift. CPE has pure capacitance behavior in case n =1. The dispersion of the 

capacitance semicircle is usually connected with surface inhomogeneity, active centers distribution, inhibitor 

adsorption, formation of porous layers, etc. [40–43]. 
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Figure 2: Electrochemical impedance spectra (Nyquist plots) of mild steel in 1.0 M HCl solution without 

and with different concentrations of P1 at 308 K. 

 

The capacitance values of the electrical double layer were calculated according to the following equation [44, 45]: 

 

(20) 

 Where, A is the magnitude of CPE, Rct is the charge transfer resistance, and n is the CPE exponent. Simulation of 

Nyquist plots with Randle’s model (Figure 3) containing constant phase element (CPE) instead of capacitance and 

charge transfer resistance (Rct), showed excellent agreement with experimental data. The main parameters deduced 

from the analysis of Nyquist diagram for 1.0 M HCl solution without and with P1 is given in Table 2. By increasing 

P1 concentration from 10
-6

M to 10
-3

M, the charge transfer resistance (Rct) increased and the capacitance (Cdl) 

decreased, indicating that increasing P1 concentration decreased the corrosion rate. The decrease in the 

capacitance was caused by reduction in local dielectric constant and/or by the increase in thickness of the 

electrical double layer. This fact suggests that the inhibitor molecules acted by adsorption at the mild steel/solution 

interface [46–48]. On the other hand the decrease in Cdl with the increase in concentration of P1 was a result of the 

increase in the surface coverage (θ) by the inhibitor, which led the increase in the inhibition efficiency. The thickness 

of the protective layer, δorg, was related to Cdl by the following equation (21). Where 0 is the dielectric constant and r 

is the relative dielectric constant.: 

 

(21) 

 

Table 2: Impedance parameters for mild steel corrosion in 1.0 M HCl solution without and with different 

concentrations of P1 at 308 K. 

 

Inhibitor 

in 1.0 M 

HCl 

Conc 

(M) 

Rs 

(Ω) 

Rct 

(Ω cm
2
) 

n A 

(μFcm
−2

) 

Cdl 

(μFcm
−2

) 

 η 

% 

-- -- 1.15 10 0.82 249 200 -- -- 

 

 

P1 

10
-6

 0.80 74 0.81 197 94 0.86 86 

10
-5

 1.25 108 0.84 172 89 0.91 91 

10
-4

 1.21 175 0.89 142 80 0.94 94 

10
-3

 1.35 271 0.87 137 55 0.96 96 
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Since adsorption of an organic inhibitor on a metal surface involves the replacement of water molecules and other ions 

originally adsorbed on the mild steel surface, the smaller dielectric constant of organic compounds compared to water 

as well as the increased thickness of the double layer due to inhibitor adsorption act simultaneously to reduce the 

interfacial capacitance [49–51]. This provides experimental evidence of adsorption of the P1 molecules on the mild 

steel surface.  

 
Figure 3: Equivalent circuit model represents the metal/solution interface: CPE is the constant phase element, Rct is 

the charge transfer resistance and RS is the resistance of solution 

 

3.3.2. Polarization Measurements  

Potentiodynamic polarization curves for mild steel in 1.0 M HCl solution containing different concentrations of P1 is 

shown in Figure 4. It is clearly noticed from Figure 4, that both the cathodic anodic reactions are inhibited and the 

inhibition increased as the inhibitor concentration increased.  
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Figure 4: Potentiodynamic polarization curves of mild steel in 1.0 M HCl solution without and with various 

concentrations of P1 at 308 K. 

 

Table 3: Polarization parameters for mild steel corrosion in 1.0 M HCl solution without and with various 

concentrations of P1 at 308 K. 

Inhibitor in 

1.0 M HCl 

Concentration 

of Inhibitor 

(M) 

-Ecorr 

(mV/SCE) 

-βc 

(mV/dec) 

Icorr 

(mA/cm
2
) 

η 

(%) 

-- -- 467 187 1386 -- 

 

P1 

10
-6

 461 129 271 80 

10
-5

 466 131 208 85 

10
-4

 463 107 134 90 

10
-3

 462 172 94 93 
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The respective kinetic parameters obtained from Figure 4 are given in Table 3. The values given in the Table 3 show 

that the corrosion current (Icorr) decreased markedly in the presence of P1 and the magnitude of change increases with 

increasing P1 concentration. This confirms the inhibitive action of the P1 in the 1 M HCl medium. With increase in P1 

concentration, the corrosion potential (Ecorr) did not vary much. The values of both anodic and cathodic Tafel constants 

a and c respectively are markedly changed in the presence of the P1. This confirms the mixed mode of inhibition of 

the P1 inhibitor. 

 

3.3. Quantum Chemical Calculations 

The  FMOs  (HOMO  and  LUMO)  are  very  important  for  describing  chemical  reactivity.  The HOMO containing  

electrons, represents  the  ability  (EHOMO)  to  donate  an  electron,  whereas,  LUMO haven't  not  electrons,  as  an  

electron  acceptor  represents  the  ability  (ELUMO)  to  obtain  an  electron. The energy gap between HOMO and 

LUMO determines the kinetic stability, chemical reactivity, optical polarizability and chemical hardness–softness of a 

compound [35]. In this study, the HOMO and LUMO orbital energies were calculated using B3LYP method with 6-

31G(d,p). All other calculations were performed using the results with some assumptions. The  higher values  of 

EHOMO indicate an increase  for  the  electron  donor of the studied P1 inhibitor  and  this means a better inhibition 

corrosion efficiency with increasing adsorption of  the P1 inhibitor molecules on the mild steel surface, whereas ELUMO 

indicates the ability of the P1 molecules to accept electrons. The adsorption ability of the inhibitor to the metal surface 

increases with increasing of EHOMO and decreasing of ELUMO. The HOMO and LUMO energies as well as other 

parameters were shown in Table 4.High ionization energy (I= 6.29 eV) indicates high stability, the number of 

electrons transferred (ΔN) was also calculated and tabulated in Table 4. The ΔN value was 0.6365,  (ΔN < 1.6), which 

indicates the tendency of P1 molecules to donate electrons to the metal surface. 

 

Table 4: Quantum chemical parameters for P1 obtained in gaseous phase using the DFT at  the B3LYP/6-31G level 

Parameter  Value 

Total Energy TE  (eV) -81802.5 

EHOMO   (eV) -6.2961 

ELUMO   (eV) -1.1390 

Gap ΔE  (eV) 5.1571 

Dipole moment  (µ in Debye) 5.7246 

Ionization potential  (I  in eV) 6.2961 

Electron affinity  (A) 1.1390 

Electronegativity  (χ) 3.7176 

Hardness  (η) 2.5786 

Electrophilicity index  (ω) 2.6799 

Softness  (σ) 0.3878 

Fractions of  electron transferred  (ΔN) 0.6365 

 

The calculated values of the fk
+
 for the P1 inhibitor are mostly localized on the pyridine ring (Table 5). Namely C3, N1 

and Br1, indicating that the pyridine ring may be probably the favorite site for nucleophilic attack. The results also 

show that Br13 atom is suitable site to undergo both nucleophilic and electrophilic attacks, probably allowing them to 

adsorb easily and strongly on the mild steel surface. The final optimized geometry and Ortep representation obtained 
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from X-ray diffraction of compound P1 [36] are shown in Figures 5 and 6 respectively. As clearly shown in Figure 6, 

P1 crystallizes in two forms, A and B, in two asymmetric units, with all non-hydrogen atoms lying on a 

crystallographic mirror plane. A DFT calculation was carried out to predict the geometry of the P1 molecules.  

 

Table 5: Pertinent natural populations and Fukui  functions of P1 calculated at B3LYP/6-31G  in the gaseous  phase. 

Atom P(N) P(N-1) P(N+1) f
-
 f

+
 f

0
 

C3 6,2784 6,4240 6,2476 0,1456 0,0308 0,0882 

C6 5,5577 5,7020 5,4509 0,1443 0,1068 0,1255 

Br1 34,9296 35,0837 34,6633 0,1541 0,2664 0,2102 

N1 7,4280 7,5624 7,3806 0,1345 0,0474 0,0909 

      

         

          Figure 5: optimized structure of P1                                            Figure 6: Ortep representation of   

                                                                                                      Asymmetric unit with 50% probability ellipsoids. 

 

The selected actual and optimized bond lengths and bond angles obtained by X-ray crystallographic study as well as 

by geometry optimization at B3LYP/6-31G level of theory of structure P1 are reported in Tables 6 and 7, respectively. 

 

Table 6: Selected X-ray and calculated bond lengths (Å) of inhibitor P1 

Entry  X-ray (A) Entry X-ray (B) Calculated  

Br1—C4   1.899 (3)  Br2—C11 1.901 (3) 1.8513 

N1—C5   1.326 (4)  N4—C12 1.335 (4) 1.3058 

N1—C6   1.333 (4)  N4—C13 1.344 (4) 1.3567 

N2—C1   1.365 (4)  N6—C8 1.363 (4) 1.3792 

N2—C2   1.367 (4)  N6—C9 1.375 (4) 1.3713 

N3—C1   1.313 (4)  N5—C8 1.329 (4) 1.3446 

N3—C6   1.372 (4)  N5—C13 1.376 (4) 1.3375 

C1—C7   1.488 (4)  C8—C14 1.480 (5) 1.4779 

C2—C3   1.383 (4)  C9—C10 1.384 (4) 1.3788 

C2—C6   1.425 (4)  C9—C13 1.409 (4) 1.4592 

C3—C4   1.378 (5)  C10—C11 1.389 (4) 1.4028 
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Table 7: Selected X-ray and calculated bond angles (°) of inhibitor P1 

Entry  X-ray (A) Entry X-ray (B) Calculated  

C1—N2—C2 106.8 (3) C8—N6—C9 106.7 (3) 107.34 

C1—N3—C6 104.6 (2) C8—N5—C13 104.1 (3) 105.58 

N3—C1—N2 113.8 (3) N5—C8—N6 113.5 (3) 112.42 

N3—C1—C7 125.2 (3) N5—C8—C14 124.8 (3) 124.62 

N2—C1—C7 120.9 (3) N6—C8—C14 121.6 (3) 122.95 

N2—C2—C3 134.7 (3) N6—C9—C10 133.3 (3) 134.68 

N2—C2—C6 104.8 (3) N6—C9—C13 105.0 (3) 103.93 

N1—C6—N3 126.6 (3) N4—C13—N5 125.8 (3) 125.71 

C4—C3—C2 114.2 (3) C9—C10—C11 113.6 (3) 113.86 

C3—C4—Br1 118.8 (2) C10—C11—Br2 119.3 (2) 120.76 

 

The experimental and calculated DFT, B3LYP bond lengths of all atoms in the compound  P1 were correlated nicely 

(the differences are between 0.01～0.05 Å). About 0.02～ 2º differences in the bond angles were found between  the 

experimental and theoretical values.  

 

4. Conclusion 

It was found that P1 is an efficient corrosion inhibitor for mild steel in 1.0 M HCl. Polarization studies showed that P1 

was a mixed-type inhibitor and its inhibition efficiency increased with the increase of inhibitor concentration. Data 

obtained from ac impedance technique show a frequency distribution and therefore a modeling element with 

frequency dispersion behavior, using a constant phase element (CPE). The inhibition efficiency values, calculated 

from the electrochemical impedance spectroscopy study, show the same trend as those obtained from the 

potentiodynamic polarization curves measurements. The adsorption of P1 molecules on the mild steel surface in 1.0 M 

HCl solution obey Langmuir adsorption isotherm with high correlation coefficient. Experimental results were 

supported by DFT-based quantum chemical calculations. Several derived DFT-based parameters such as EHOMO, 

ELUMO, ∆E, χ, σ, η, and ∆N of the P1 inhibitor validated the experimentally determined values of the inhibition 

efficiency. 
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