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Abstract 
In this paper, the synthesis and the corrosion inhibition efficiency of pyrido[2,3-b]pyrazine derivative (P1) on 

mild steel in  acidic media were studied. Corrosion inhibition effect of (P1) on mild steel in 1 M HCl solution 

was investigated using weight loss measurements, electrochemical polarization and electrochemical impedance 

spectroscopy (EIS) methods. Results obtained reveal that P1 acts as a mixed inhibitor without modifying the 

hydrogen reduction mechanism. The inhibition efficiency increases with the increase of the concentration of 

(P1) reaches a maximum value of 93% at 10-3M. The inhibition efficiency of (P1) decreases with the rise of 

temperature. It was found that (P1) adsorbed on the mild steel surface according to Langmuir isotherm model. 

Quantum chemical studies were also carried out to propose an interpretation of the data. 

 

Keywords: corrosion inhibition, pyrido[2,3-b]pyrazine, weight loss, polarization, adsorption, DFT. 

 

1. Introduction 
The pharmacological and therapeutic activities that present a variety of heterocyclic molecules containing a 

pyrido[2,3-b] pyrazine pattern, have greatly aroused the interest of researchers for the development of new 

routes to such compounds. It should be noted that the system pyrido[2,3-b] pyrazine is well known by its 

photophysical [1], antibacterial [2] anti-inflammatory [3] and anti-cancer properties [4]. More recently, studies 

have shown that pyridopyrazinone derivatives are good stimulators of insulin secretion, and therefore they can 

be used for treatment of diabetes [5]. The reactivity of allyl bromide towards 7-bromopyrido[2,3-b]pyrazine-

2,3(1H,4H)-dione under phase-transfer catalysis conditions using tetra n-butyl ammonium bromide (TBAB) as 

catalyst and potassium carbonate as base, leads to the formation of the title compound (P1) in good yield 

(Scheme 1). Several classes of organic compounds like pyridopyrazine derivative are broadly used as corrosion 

inhibitors for metals in acid environments, since they possess the nitrogen and oxygen atoms which can easily 

be protonated to exhibit good inhibitory action on the corrosion of metals [6-7]. 

The purpose of the present study is to evaluate the corrosion inhibition efficiency of the synthesized compound 

(P1) on mild steel in 1 M hydrochloric acid solution, (Scheme 1). 

In addition to that, to extend these investigations in order to obtain a better understanding of the mode of 

inhibitory action of (P1) by calculating theoretical parameters for both mild steel dissolution and inhibitor 

adsorption process in hydrochloric acid solution using DFT and electrochemical methods. 
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Scheme 1: 1,4-diallyl-7-bromopyrido[2,3-b]pyrazine-2,3(1H,4H)-dione (P1). 

 

2. Experimental details 
 2.1. Synthesis of inhibitors 

In a flask equipped with a magnetic stirrer, 7-bromopyrido [2,3-b] pyrazine-2,3 (1H, 4H) -dione (1 mmol, 

0.25g), 20ml of DMF, potassium carbonate K2CO3 (2.1 mmol, 0.29g), tétra-n-butylammonium bromide (TBAB) 

(0.2 mmol, 0.064g) were mixed and stirred for 5 min; Then, 0.18 ml of allyl bromide (2 mmol)  was added 

dropwise to the reaction mixture. The reaction was brought at room temperature for 6 hours. After removal of 

salts by filtration, the DMF was evaporated under reduced pressure and the residue obtained was dissolved in 

dichloromethane. The rest of the salts were removed by washing the organic phase three times with distilled 

water. Concentrated to dryness, the compound desired was purified by flash column chromatography (on silica-

gel with ethyl acetate: hexane, 1:1) to afford a white solid 1,4-diallyl-7-bromopyrido[2,3-b]pyrazine-

2,3(1H,4H)-dione (P1). The percentage yield was 85%, and the melting point was (470-471 K) (Scheme 2): 
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Scheme 2: Synthesis of 1,4-diallyl-7-bromopyrido[2,3-b]pyrazine-2,3(1H,4H)-dione (P1). 

 

The analytical and spectroscopic data are conforming to the structure of compounds formed: 

 (P1): Yield = 85%; M.p. 470-471 K;  NMR 
1

H δppm: 8.29 (d, 1H, H pyr, J=1.8 Hz); 7.60 (d, 1H, H pyr, J=1.8 

Hz); 5.83-6.037 (m, 2H, -CH =); 5.208-5.374 (m, 4H, =CH2); 5.008 (ddtrip 2H, -N-CH2) ; 4.824 (ddtrip, 2H,-N-

CH2); NMR
13

C δppm: 153.78, 153.251 (C=O); 143.189, 134.906 (-CH pyr); 137.415, 123.849 (Cq); 130.692, 

129.435 (-CH =); 119.096 (2 =CH2); 114.56 (-C-Br); 45.287, 44.166 (2 N-CH2). 

 

2.2. Solutions 

The aggressive solutions of 1M HCl were prepared by dilution of an analytical grade 37% HCl with double 

distilled water. Different concentrations of the inhibitor (P1) (10
-6 

- 10
-3 

M) were prepared by stirring the 

appropriate amount of (P1) in 100 ml of 1 M HCl at room temperature. The 100 ml of 1 M HCl solution without 

inhibitor was used as blank test. 

 

2.3. Preparation of Specimens 

The mild steel sheets were cut into 2.00 × 2.00 × 0.25 cm
3
 dimensions with the following composition: 

Composition P Al Si Mn C S Fe 

 0.09% 0.01% 0.38% 0.05% 0.21% 0.05% Balance 
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The above sheets were used for weight loss measurements. Prior to all measurements, the sheets surfaces were 

abraded with 180, 400, 800, 1000, 1200 grades of emery papers. The specimens were washed thoroughly with 

bidistilled water, degreased with ethanol, and dried.  

 

2.4. Weight Loss Method 

Gravimetric measurements of square steel specimens of size 2 x 2 x 0.25 cm
3
 in 1 M HCl with and without 

addition of different concentrations of the inhibitor (P1). The corrosion rate was determined after 6 h of 

immersion period, at a temperature of 308K by the following equation: 

𝜗 =  
∆𝑚

𝑆 ×𝑡
          (1) 

Where: ∆𝑚 is the average weight loss, S the total area, and t is the immersion time.  

 

2.5. Electrochemical Measurements: 

Electrochemical experiments were recorded using potentiostat PGZ 100 piloted by Volta master soft ware; the 

electrochemical measurements were carried out in conventional three electrode electrolysis cylindrical Pyrex 

glass cell. The working electrode (WE) has the form of a disc cut from the steel sheet, the area exposed to the 

corrosive 1 M HCl solution was 1 cm
2
. A satured calomel electrode (SCE) and a platinum electrode were used 

respectively as reference and auxiliary electrodes. The temperature of the cell was controlled by using a 

thermostat at 308 K. The potential must be stabilized for 30 min’s. before starting any test.  

The inhibition efficiency EP was defined as: 

𝐸𝑝% =
𝐼°𝑐𝑜𝑟𝑟 −𝐼𝑐𝑜𝑟𝑟

𝐼°𝑐𝑜𝑟𝑟
× 100 (2) 

Where I
°
corr and Icorr represent corrosion current density values in the absence and presence of the inhibitor, 

respectively. 

The electrochemical impedance spectroscopy (EIS) measurements were carried out with the electrochemical 

system, which included a digital potentiostat model Voltalab PGZ100 computer at Ecorr after immersion in 

solution without bubbling. After the determination of steady-state current at a corrosion potential, sine wave 

voltage (10 mV) peak to peak,  at  frequencies  between  100  kHz  and  10 mHz  were  superimposed  on  the  

rest  potential. Computer programs automatically controlled the measurements performed at rest potentials after 

0.5 hour of exposure at 308 K. The impedance diagrams were given in the Nyquist representation. 

Each experiment was duplicated to check the reproducibility. 

The inhibition efficiency ERt was defined as: 

𝐸𝑅𝑡% =
𝑅°𝑐𝑡−𝑅𝑐𝑡

𝑅°𝑐𝑡
× 100      (3) 

Where, R
°
ct and Rct are the charge transfer resistance values in the absence and presence of inhibitor, 

respectively. 

 

2.6. Quantum chemical calculations 

The quantum chemical calculations reported in this work were performed at the B3LYP/6-31G (d,p) level of 

theory using GAUSSIAN 09 series of programs [8]. The optimizations of equilibrium geometries of all reactants 

were performed using the Berny analytical gradient optimization method [9-12]. The electronic populations as 

well as the Fukui indices and local nucleophilicities were computed using different populations analysis MPA 

(Mulliken population analysis) and NPA (natural population analysis) [13-16]. The cationic systems, needed in 

the calculation of nucleophilic Fukui indices, were taken in the same geometry as the neutral system. 

 

3. Results and Discussion 
3.1. Potentiodynamic Polarization Measurements 

The Potentiodynamic polarization curves for mild steel in 1 M HCl without and with various concentrations of 

the inhibitor (P1) are shown in (Figure 1). It is apparent from (Figure 1) that the polarization curves shifted to 

lower current regions in the presence of the inhibitor compared to the blank sample. This suggests that the 

synthesized compound (P1), reduces the corrosion current density, which is an indication of its corrosion 

inhibition potential. The polarization curve in the presence of 10
-3

M concentration of (P1) appears at relatively 

more cathodic potential compared to the blank sample, while the curves appear at relatively more anodic 

potentials at higher concentrations of (P1).  
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This suggests that the inhibitive effect of (P1) is more cathodic at 10
-3

 M than at lower concentrations. The 

electrochemical kinetic parameters obtained from the Tafel extrapolations are listed in (Table 1). It is clearly 

evident from the results in (Table 1) that the maximum shift in the Ecorr in the presence of the inhibitor relative 

to the HCl is observed at 10
-6

 M of (P1) (-464 mV and -455 mV).  

An inhibitor can be classified as a cathodic or anodic inhibitor only if the displacement in Ecorr is greater than 85 

mV; otherwise, it is a mixed‐type inhibitor [17-18]. The slight shift in Ecorr in the present study implies that the 

studied inhibitor (P1) is a mixed‐type inhibitor, which means that (P1), retards both the anodic dissolution of 

mild steel in HCl and the cathodic hydrogen ion reduction process. The values of the Tafel slopes βc changed 

with change in concentration of the inhibitor. This suggests that the rate of the corrosion reaction of mild steel in 

the acidic media is affected by the change in concentration of the inhibitor. 

In other words, the inhibitor (P1) is a mixed type inhibitor with predominantly cathodic inhibitive effects. The 

corrosion current density decreases with increasing concentration of the inhibitor, which is also an indication of 

the inhibitive effect of (P1). The values of the percentage inhibition efficiency (%Ep) also revealed that the 

inhibition efficiency increases with increasing concentration of (P1). 

 

 

Figure 1. Potentiodynamic polarization curves for mild steel in 1 M HCl without and with various 

concentrations of the inhibitor (P1). 

 

Table 1. Tafel parameters for mild steel corrosion in 1 M HCl without and with various concentrations of the 

inhibitor (P1). 

 

Inhibitor 

Concentration 

(M) 

Ecorr 

(mV/SCE) 

Icorr 

(µA/cm
2
) 

-βc 

(mV/dec) 

Ep 

% 

1 M HCl -- -455 1386 101 -- 

inhibitor (P1) 

10
-6

 -470 361 96 74 

10
-5

 -452 285 87 79 

10
-4

 -450 209 78 85 

10
-3

 -464 133 92 90 

 

3.2. Electrochemical impedance spectroscopy measurements: 

The corrosion behavior of steel, in acidic solution in the absence and presence of the inhibitor (P1), was also 

investigated by EIS method at 308 K after 30 min of immersion (Figure 2). 

The impedance parameters derived from these investigations are listed in (Table 2). From Figure 2, the 

obtained impedance diagrams (almost a semi-circular appearance), indicates that a charge transfer process 

mainly controls the corrosion of steel [19]. The general shape of the curves is very similar for all samples; the 

shape is maintained throughout the whole concentration, indicating that almost no change in the corrosion 

mechanism occurred due to the inhibitor addition [20]. The Rt values increased with the increase of the 

concentration of (P1). Values of double layer capacitance are also brought down to the maximum extent in the 

presence of inhibitor and the decrease in the values of Cdl follows the order similar to that obtained for Icorr in 
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this study. The results obtained from the polarization technique in acidic solution were in good agreement with 

those obtained from the electrochemical impedance spectroscopy (EIS) with a small variation. 
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Figure 2. Nyquist plots for mild steel in 1 M HCl containing different concentrations of (P1). 

 

Table 2. AC impedance data of mild steel in 1.0 M HCl acid solution containing different concentrations of (P1) 

at 308K. 

 Inhibitor 
Concentration 

(M) 

Rt 

(Ω.cm2) 

Cdl 

(µf/cm
2
) 

ERt 

(%) 

1 M HCl -- 14.7 200 -- 

Inhibitor P1 

10
-3
 195 110 93 

10
-4
 170 84 91 

10
-5
 167 51 90 

10
-6
 138 47 89 

 

3.3. Weight loss measurements: 

Weight loss corrosion tests were carried out on the mild steel in 1M HCl in the absence or presence of (P1) over 

a period of 6 hours. The corrosion rates values [mg·cm
−2

·h
−1

] were tabulated in (Table3). 

The percentage of inhibition was calculated according to the following expression: 

  𝜂 % =  1 −
𝑊𝑖

𝑊𝑜
 . 100    (4) 

where w0 and wi are the values of corrosion weight losses of mild steel in uninhibited and inhibited solutions, 

respectively.  

 

Table 3. Corrosion parameters obtained from weight loss measurements for mild steel in 1 M HCl containing 

various concentrations of (P1) at 308 K. 

 

It is apparent from (Table 3) that the inhibition efficiency increases with the increase of the concentration of 

(P1) and reaches 90% with a concentration as low as 10
-3

 M of (P1), which shows a good inhibition efficiency 

for mild steel in aggressive acidic solutions of 1 M hydrochloric acid.  

Inhibitor Concentration 

(M) 

CR 

(mg.cm
-2 

h
-1

) 

η 

(%) 

1 M HCl -- 0.82 -- 

Inhibitor P1 

10
-6

 0.19 77 

10
-5

 0.17 79 

10
-4

 0.11 87 

10
-3

 0.08 90 
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3.4. Adsorption Isotherm: 

The inhibition of metal corrosion by organic molecules is usually as a result of adsorption of the inhibitor 

molecules on the metal surface. Therefore, an insight into the inhibition mechanism can be gained from the 

adsorption isotherm. The adsorption of an organic adsorbate onto metal–solution interface can be represented by 

a substitution adsorption process between the organic molecules in the aqueous solution phase (Org(sol)) and 

the water molecules on the metallic surface (H2O(ads)) according to the equation: 

Org(sol) + x H2O(ads)                     Org(ads) + x H2O(sol)   (5) 

Where x is the size ratio of the number of water molecules replaced by one molecule of organic substrate. 

Adsorption isotherms are often employed to gain more insights into the mechanism of corrosion inhibition, due 

to the fact that thermodynamic adsorption parameters provide information about the mode of interactions 

between the inhibitor molecules and the active sites on the metal surface [21-23]. The experimental data in the 

present study were subjected to various adsorption isotherms including Langmuir, Temkin, Freundlich, Frumkin 

and Flory–Huggins but the Langmuir adsorption isotherm gave the best correlation. Therefore, thermodynamic 

adsorption parameters for mild steel in 1 M HCl in the presence of the studied inhibitor (P1) were obtained from 

the Langmuir isotherm plot of the form: 

C/θ = 1/Kads + C      (6) 

Where θ is the degree of surface coverage, Kads is the equilibrium constant of the adsorption process and Cinh is 

the concentration of the inhibitor. The Langmuir adsorption isotherm plot is shown in Figure 3, indicating near 

unity values of slope and correlation coefficient (R
2
). The adsorption equilibrium constant, Kads, was obtained 

from the intercept and the change in Gibb’s free energy (ΔGads) for the adsorption process was obtained using 

the equation: 

ΔG°ads = −RT ln (55.5 Kads)    (7) 
Where R is the universal gas constant, T is absolute temperature and 55.5 is the molar concentration of water in 

solution. Since the Kads represents the degree of adsorption, a high value of Kads signifies that the inhibitor is 

strongly adsorbed on the steel surface [24]. The value of 4.73 10
5
 l/mol obtained for the Kads in the present study 

is an indication of strong adsorption of the molecules of (P1) to the steel surface. 

The value of ∆Gads is often used to classify the adsorption process as physisorption, chemisorption or a 

combination of both. Generally, a value of ∆Gads around −20 kJmol
−1

 or less negative suggests that the 

adsorption process involves electrostatic interactions between the charged molecules and the charged metal 

surface, termed physisorption, whereas a value of ∆Gads around −40 kJmol
−1

 or more negative indicates the 

involvement of charge sharing or transfer from organic molecules to the metal surface during the adsorption 

process leading to the formation of coordinate bond and the adsorption process is termed chemisorption [25]. 

The value of -43.73 kJmol
−1

 obtained for ∆Gads in the present study probably means that the adsorption of (P1) 

on the steel surface exhibits chemisorption adsorption.  
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K
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5
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G
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Figure 3. Langmuir adsorption isotherm for mild steel in 1 M HCl containing various concentrations of (P1) at 

308 K. The values of Kads and ∆Gads are listed on the graph. 
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3.5. Theory and computational details 

3.5.1.Theoretical background   

 Global quantities 

Popular qualitative chemical concepts such as electronegativity [26-27] (χ) and hardness [28] (η) have been 

provided with rigorous definitions within the purview of conceptual density functional theory [29-31] (DFT). 

Electronegativity is the negative of chemical potential defined [32] as follows for an N-electron system with 

total energy E and external potential ν(𝑟 ) 

𝜒 =  −µ = − 
𝜕𝐸

𝜕𝑁
 
𝜈(𝑟)

        (8) 

µ is the Lagrange multiplier associated with the normalization constraint of DFT [33]. 

Hardness (η) is defined [34] as the corresponding second derivative, 

𝜂 = − 
𝜕2𝐸

𝜕𝑁
 
𝜈(𝑟)

=  − 
𝜕µ

𝜕𝑁
 
𝜈(𝑟)

   (9) 

Using a finite difference method, working equations for the calculation of χ and η may be given as [35]: 

𝜒 =  
𝐼+𝐴

2
     (10) 

𝜂 =  
𝐼−𝐴

2
     (11) 

Where I and A are the ionization potential and electron affinity, respectively. If EHOMO and ELUMO are the 

energies of the highest occupied and lowest unoccupied molecular orbitals, respectively, then the above 

equations can be rewritten, [36] using Koopmans’ theorem [37], as 

𝜒 = −
𝐸𝐻𝑂𝑀𝑂 + 𝐸𝐿𝑈𝑀𝑂

2
                  (12) 

𝜂 = − 
𝐸𝐻𝑂𝑀𝑂 −  𝐸𝐿𝑈𝑀𝑂

2
            (13) 

 Local quantities 

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) [38]. 

𝑓 𝑟 =  
𝜕𝜌(𝑟)
𝜕𝑁

 
𝜈(𝑟)

=  
𝛿µ

𝛿𝑣(𝑟)
 
𝑁

      (14) 

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 [39]. 

fk
+ = Pk(N+1) - Pk(N)

Pk(N+1) - Pk(N-1) = 2fk
0

fk
- = Pk(N) - Pk(N+1)

for nucleophilic attack

for electrophilic attack

for radical attack

(15a)

(15b)

(15c)
 

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

cationic species respectively. 

The fraction of transferred electrons ΔN was calculated according to Pearson theory [40]. 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:   

Feinh

2(Fe+inh)
N  = (16)

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

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

order to apply the eq.  18  in  the  present  study,  a  theoretical  value  for  the electronegativity of bulk iron was 
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used  χFe = 7 eV and a global hardness of ηFe = 0, by assuming that for a metallic bulk IP = EA because they 

are softer than the neutral metallic atoms [40]. 

Recently, a new global chemical reactivity parameter has been introduced and known as electrophilicity index 

(ω) .It is deined as [41]. 

𝜔 =
𝜒2

2𝜂
            (17) 

High ionization energy (IE = 6. 9622 eV) indicates high stability, the number of electrons transferred (ΔN) was 

also calculated and tabulated in (Table 5). Because ΔN < 3.6, this means that the inhibitor (P1) has the tendency 

to donate electrons to the metal surface by chemisorption process [42-43]. 

 

Table  4. Calculated quantum chemical parameters of the studied inhibitor(P1) . 

Quantum  parameters Inhibitor (P1) 

Total energy (eV) -92215 

E HOMO (eV) -6. 9622 

E LUMO (eV) -0.5404 

ΔEgap (eV) 6.4218 

μ (debye) 4.1171 

IE(eV) 6. 9622 

EA(eV) 0.5404 

χ(eV) 3.7513 

η(eV) 3.2109 

ω (eV) 2.1904 

ΔN 0.5060 

 

The calculated values of the f
+
 for the inhibitor (P1) are mostly localized on the pyridopyrazine ring. Namely C2, 

O11, O12 and N15, indicating that the pyridopyrazine ring will probably be the favorite site for nucleophilic attack 

[44]. 

The results also show that O11 and O12 atoms are suitable site to undergo both nucleophilic and electrophilic 

attacks, probably allowing them to adsorb easily and strongly on the mild steel surface. 

 

Table 5.  Pertinent  natural  populations  and  Fukui  functions  of  the  studied  inhibitor (P1)  calculated  at 

B3LYP/6-31G(d,p) in gas phase: 

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

-
 f

0
 

C 2 6,2476 6,3712 6,2357 0,1236 0,0119 0,0678 

Br10 34,9234 35,0135 34,7659 0,0901 0,1575 0,1238 

O11 8,5570 8,6688 8,4402 0,1118 0,1169 0,1143 

O12 8,5618 8,6676 8,4562 0,1058 0,1056 0,1057 

N15 7,4650 7,5642 7,4422 0,0992 0,0228 0,0610 

 

Table 6.  Pertinent  natural  populations  and  Fukui  functions  of  the  studied  inhibitor (P1)  calculated  at 

B3LYP/6-31G(d,p) in aqueous phase: 
Atom N(K) N(K+1) N(K-1) f

+
 f

-
 f

0
 

C 2 6,2476 6,3220 6,2351 0,0743 0,0125 0,0434 

C 8 5,3928 5,5274 5,3632 0,1346 0,0297 0,0821 

C 9 5,3909 5,5236 5,3630 0,1327 0,0279 0,0803 

O11 8,5570 8,7237 8,4941 0,1666 0,0630 0,1148 

O12 8,5618 8,7212 8,5026 0,1594 0,0592 0,1093 

N15 7,4650 7,5414 7,4602 0,0764 0,0049 0,0406 
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Figure 4. Optimized molecular structures and bond lengths of the studied inhibitor (P1) calculated in gas 

(black) and aqueous (red) phases at B3LYP/6-31G(d,p) level 

After the analysis of the theoretical results, indicates that the inhibitor (P1) contains a non-planar moiety. In fact, 

the allyl groups are almost perpendicular to the pyridopyrazine core [45]. 

 

  
HOMO (G) LUMO (G) 

 

 
HOMO (A) LUMO (A) 

 

Figure 5  : The  HOMO  and  the  LUMO  electrons  density  distributions  of  the studied inhibitor (P1)  at 

B3LYP/6-31G(d,p) level in gas and aqueous phases. 
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Conclusion 

 
From the overall studies, the following conclusions could be deduced: 

 The three studied methods (weight loss, electrochemical polarization, and electrochemical impedance 

spectroscopy) showed a good agreement. 

 The studied inhibitor (P1) acts as a mixed inhibitor without modifying the hydrogen reduction 

mechanism. 

 The inhibition efficiency increases with the increase of concentration of (P1) concentration to attain a 

maximum value of 93% at 10
-3

M. 

 EIS measurements show that the charge transfer resistance (Rct) increases and the double layer 

capacitance (Cdl) decreases in the presence of the inhibitor (P1) which implied the adsorption of the 

inhibitor molecules on the mild steel surface. 

 Adsorption of the tested inhibitor (P1) follows Langmuir adsorption isotherm. 

 Quantum chemical calculations showed a good agreement between the theoretical and experimental 

results. 
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