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Abstract- The effect of N,N’-((methylazanediyl)bis(propane-3,1-diyl))bis(2-hydroxy-1-

naphthamide) (MPHN) on the corrosion of mild steel in an aqueous solution of 1 M 

hydrochloric acid was investigated at different temperatures by chemical and electrochemical 

techniques. The results obtained showed that MPHN could serve as an effective inhibitor for 

the corrosion of mild steel in hydrochloric acid media. The N,N’-

((methylazanediyl)bis(propane-3,1-diyl))bis(2-hydroxy-1-naphthamide) (MPHN) exhibited 

highest inhibition efficiency of 98% at concentration of 10-3 M. Tafel polarization 
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measurements revealed that MPHN effectively suppressed both the anodic and cathodic 

processes of mild steel corrosion in acid solution and acted as a mixed-type inhibitor. EIS 

measurements indicated that the addition of the inhibitor increases the charge-transfer 

resistance (Rct), decreases the double-layer capacitance (Cdl) of the corrosion process, and 

hence increases inhibition performance. The SEM/UV-Visible analysis was used to 

corroborate the mechanism of inhibition. Quantum chemical calculations were used to 

correlate the inhibition ability of MPHN with its electronic structural parameters. 

Keywords- Mild steel, Corrosion inhibition, Weight loss, Electrochemical studies, SEM, 

UV-Visible, DFT  

 

1. INTRODUCTION  

The damage caused by corrosion generates not only high cost for inspection, repairing 

and replacement, but in addition, it constitutes a public risk, thus developing novel substances 

that behave like corrosion inhibitors especially in acid media is necessary [1]. Indeed, acid 

solutions are widely used in industry such as acid pickling of iron and steel, chemical 

cleaning and processing, or oil well acidification. The use of hydrochloric acid in the pickling 

of metals, acidification of oil well and in cleaning is more economical, efficient and trouble-

free, compared to other mineral acids [2]. The use of inhibitor is one of the best-known 

methods for corrosion protection. The efficiency of the inhibitor depends on the nature of the 

metal environment, nature of the metallic surface and electrochemical potential at the 

interface. The structural feature of inhibitor is also of a great importance, which includes the 

number of adsorption centers in the molecule, their charge density, the molecular size, and 

mode of adsorption, the ability of the formation of metallic complexes and the projected area 

of the inhibitor on the metal surface [3-8]. Organic compounds containing hetero-atoms such 

as N, O, and S have been reported as efficient corrosion inhibitors for metals and alloys [9-

14]. In present study, the N,N’-((methylazanediyl)bis(propane-3,1-diyl))bis(2-hydroxy-1-

naphthamide) (MPHN) is evaluated as a new corrosion inhibitor using weight loss, 

electrochemical impedance spectroscopy (EIS) and potentiodynamic polarization curves. 

Scanning electron microscopy (SEM), UV-Visible and quantum chemical calculation 

methods are also used in order to corroborate the electrochemical behavior.  

 

2. EXPERIMENTAL DETAILS 

2.1. Materials 

The investigated organic inhibitor, namely, N,N’-((methylazanediyl)bis(propane-3,1-

diyl))bis(2-hydroxy-1-naphthamide) (MPHN) was synthesized in our laboratory following 

the procedure previously described [15]. The molecular structure of MPHN is shown in Fig. 

1. The mild steel specimens for weight loss, electrochemical and surface measurements were 

cut form commercially available mild steel sheet having a chemical composition (in wt%) of 
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0.09%P, 0.01% Al, 0.38% Si, 0.05% Mn, 0.21% C, 0.05% S and the remainder iron (Fe). The 

exposed surface of the working electrodes was polished successively with emery papers of 

different grade (220, 400, 800, 1000 and 1200), washed with deionized water, degreased with 

acetone, ultrasonically cleaned with ethanol and stored in moisture free desiccator before 

used in the experiments. The test solution, i.e. 1 M HCl, was prepared by diluting 37% 

analytical grade HCl with double distilled water. The concentration of MPHN employed was 

varied from 10-6 M to 10-3 M. All the solvents and reagents were obtained commercially from 

Sigma-Aldrich and used without further purification.  

 

 

 

Fig. 1. Structure of N,N’-((methylazanediyl)bis(propane-3,1-diyl))bis(2-hydroxy-1-

naphthamide) (MPHN) 

 

2.2. Experimental techniques 

2.2.1. Weight loss measurements 

Gravimetric experiments were performed according to the standard method "ASTM  

G 31-72" described previously [16], the mild steel sheets of 2.0×2.0×0.25 cm were abraded 

with a series of emery paper SIC (220, 400, 800, 1000 and 1200) and then washed with 

distilled water and acetone. After weighing accurately, the specimens were immersed in a 

100 mL beaker containing 250 mL of 1 M HCl solution with and without the addition of 

different concentrations inhibitor. All the aggressive acid solutions were open to air. After 6 h 

of acid immersion, the specimens were taken out, washed, dried, and weighed accurately. The 

experiments were done in triplicate and the average values were reported to obtain good 

reproducibility. The inhibition efficiency (ηWL%) and surface coverage (θ) were calculated as 

follows: 
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Where Wb and Wa are the specimen weight before and after immersion in the tested 

solution, w0 and wi are the values of corrosion weight losses of mild steel in uninhibited and 

inhibited solutions, respectively, A the total area of the mild steel specimen (cm2) and t is the 

exposure time (h). 

 

2.2.2. 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 an auxiliary electrode of the surface area of 1.0 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 establish steady 

state open circuit potential (EOCP). After measuring the Eocp, the electrochemical 

measurements were performed. The electrochemical impedance spectroscopy (EIS) 

measurements were conducted at EOCP by analyzing the frequency response of the 

electrochemical system in the range of 100 kHz to 0.1 Hz at 10 mV amplitude. The 

impedance data were analyzed and fitted with the simulation ZView 2.80, equivalent circuit 

software. 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 analyzed 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). From the 

polarization curves obtained, the corrosion current (Icorr) was calculated by Tafel 

extrapolation using the equation: 

2.3 2.3
corr

a c

E E
i i exp exp

 

     
     

    
       (4) 

The inhibition efficiency was evaluated from the measured icorr values using the following 

relationship: 

ηTafel(%) = 
( )corr corr i

corr

i i

i


 × 100                    (5) 

Where icorr and icorr(i) is the corrosion current densities for the steel electrode in the 

uninhibited and inhibited solutions, respectively. 
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2.3. Scanning electron microscopy (SEM) 

The mild steel specimens with above-mentioned composition were cleaned successively 

with a series of emery paper, washed with double distilled water, degreased with acetone and 

finally dried in a hot air blower. The cleaned mild steel specimens were immersed in 1 M 

HCl in absence and presence of optimum concentration (10-3 M) of MPHN after 6 h of 

immersion time. After elapsed time mild steel specimens were taken out and cleaned with 

double distilled water, dried with cold air blower and finally the scanning electron 

microscopy micrographs were recorded using SEM model Quanta 200 FEI Scanning 

instrument at an accelerating voltage of 20 kV at 2000×magnification. 

 

2.4. UV-Visible spectra 

The UV-visible absorption spectra of solutions containing optimum concentration (10-3 

M) of inhibitor before and after immersion of the mild steel sample for 72 h were recorded 

using the Shimadzu model UV-1650 PC spectrophotometer. 

 

2.5. Quantum chemical calculations 

Complete geometrical optimizations of the investigated molecules were performed using 

DFT (density functional theory) with the Beck’s three parameter exchange functional along 

with the Lee-Yang-Parr nonlocal correlation functional (B3LYP) [17-19], with 6-31G* basis 

set is implemented in Gaussian 03 program package [20]. 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), the lowest unoccupied molecular orbital 

(ELUMO), the energy gap (ΔE) and the dipole moment (µ). 

 

3. RESULTS AND DISCUSSION  

3.1. Potentiodynamic polarization 

The potentiodynamic polarization curves for mild steel in a 1 M HCl solution in the 

absence and presence of different concentrations of MPHN are shown in Figure 2 at 308 K. 

The corrosion parameters such as corrosion potential (Ecorr), cathodic Tafel slope (βc) and 

corrosion current density (icorr) obtained from these curves are given in Table 1. 

As it can be seen from Fig. 2, both the cathodic and the anodic curves shift toward lower 

current densities, which indicate that the hydrogen ions reduction, as well as the mild steel 

anodic dissolution, is restrained in the inhibited corrosive solution, and there is no definite 

trend in the shift of Ecorr values. Moreover, the recorded polarisation curves in the presence of 
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inhibitor are characterized by the presence of anodic breakdown potential, Eb. The noble shift 

of Eb and the decrease of the corresponding current densities with increasing the inhibitor 

concentration reflect the formation of an anodic protective film on the electrode surface [21]. 

In addition, it seems that the inhibitor has zero inhibitive influence on the anodic polarization 

curves when the potential is higher than -275 mV. This result indicates that the adsorption 

mode of inhibitor depends on the electrode potential [22]. 
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Fig. 2. Potentiodynamic polarization curves for mild steel in a 1 M HCl solution in the 

presence and absence of MPHN at 308 K 

 

As it is shown in Table 1, the addition of inhibitor leads to a significant decrease in the 

corrosion current density, and βc values move slightly in the solution containing MPHN, 

showing that both the cathodic and anodic reactions are retarded through the inhibitor’s 

adsorption on the electrode surface. The cathodic Tafel slope (βc) show slight changes with 

the addition of MPHN, which suggests that the inhibiting action occurred by simple blocking 

of the available cathodic sites on the metal surface, which lead to a decrease in the exposed 

area necessary for hydrogen evolution. Generally, an inhibitor can be classified as cathodic or 

anodic type if the shift of corrosion potential in the presence of the inhibitor is more than 85 

mV with respect to that in the absence of the inhibitor [23,24]. In the presence of MPHN, 

Ecorr shifts to less negative (about 40.2 mV) which indicates that MPHN can be arranged as a 

mixed type inhibitor, with predominant cathodic effectiveness. The current density and the 

corrosion rate decrease, while the inhibition efficiency increases with the increase of the 

inhibitor concentration, illustrating that a more complete and stable protective film can be 

formed on the metal surface at higher concentration. 
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Table 1. Electrochemical parameters and inhibition efficiencies of mild steel corrosion in 1 

M HCl solutions in the absence and presence of different concentrations of MPHN 

 

Medium Conc. 

(M) 

-Ecorr 

(mV/SCE) 

icorr 

(µA/cm2) 

-βc 

(mV/dec) 

ηTafel 

(%) 

Blank 0 460.3 2892.1 267 — 

 

MPHN 

10-6 485.8 547.5 195 81 

10-5 500.5 365.1 193 87 

10-4 494.3 194.6 207 93 

10-3 487.0 52.5 188 98 

 

3.2. EIS study 

The corrosion inhibition property of MPHN on mild steel was also examined by 

electrochemical impedance spectroscopy (EIS). Electrochemical impedance spectroscopy 

experiments were carried out on a newly polished steel surface in acidic solution without and 

with the addition of MPHN at open circuit potential after 30 min of immersion in 1 M HCl 

solution at 308 K. Fig. 3 shows the Nyquist spectra obtained for mild steel in absence and 

presence of different concentrations of MPHN. The Nyquist plots show a single depressed 

capacitive semicircle for both inhibited and uninhibited solutions, with one capacitive time 

constant in the Bode-phase plots (not given). The depressed semicircle in Nyquist diagrams is 

characteristic of solid electrodes that exhibit frequency dispersion due to the roughness and 

other in-homogeneities of the surface [25]. The capacitive loop is usually associated with 

charge transfer process and electrical double layer. The addition of different concentrations of 

MPHN does not substantially change the shape of the semicircle indicating that the inhibitor 

addition does not change the mechanism of corrosion reaction but inhibits the corrosion by 

increasing the surface coverage by the adsorbed inhibitor film [26]. As shown in  

Fig. 4, the diameter of the capacitive loop in the presence of MPHN is larger than that in the 

uninhibited system and increases with increase in the concentration of the inhibitor. Such a 

phenomenon could be related to adsorption of the inhibitor on the steel surface. 

In the studied frequency range, the system could be described by the corresponding 

structural model of the interface with MPHN, as shown in Fig. 4. In this equivalent circuit, Rs 

is the solution resistance, CPE is the constant phase elements for the double layer and is used 

instead of a pure capacitor to compensate for non-ideal capacitive response of the interface 

[27], and Rp is the polarization resistance, where Rp includes charge transfer resistance (Rct) 

and the resistance of inhibitor film (Rf) formed on the metal surface in the presence of 

inhibitor (Rp = Rct+ Rf) [28]. The impedance (Z) of the CPE is presented by [29]:  

n1

CPE

 )(iQZ     
           (6) 
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Where Q is the CPE constant (in Ω–1 sn cm–2), i is the imaginary number, ω is the angular 

frequency (in rads-1), and n is CPE exponent, which can be used as a gauge heterogeneity or 

roughness of the surface. 

Table 2 contains all the impedance parameters obtained from the simulation of 

experimental impedance data, including Rp, Q, and n. In Table 2 are also given the calculated 

˝double layer capacitance˝ values, Cdl, derived from the CPE parameters, using the Hsu and 

Mansfeld formula [30]: 

)pdl
n1

n/1

 (Q.R C  

                     (7)  

and the time constant of the charge transfer process (), it is defined [31,32] as: 

  = Cdl Rp            (8) 

The analyse of the results in Table 2 shows that the Rp values increase with increasing 

concentration of MPHN while the Cdl values for the inhibitor are generally lower than that of 

the acid blank, which suggests that the inhibitor adsorb on the steel surface thereby forming a 

protective layer on the steel surface and reducing the rate of charge transfer process. Also, the 

values of Q are lower in the presence of MPHN compared to that of the uninhibited blank 

system. This can be attributed to gradual displacement of water molecules by inhibitor 

molecules at metal/solution interface leading to the formation of a protective layer on the 

steel surface. The values of phase shift (n) (ranges from 0.72 to 0.81), did not change 

significantly and its ongoing stability showed the charge transfer controlled dissolution 

mechanism of mild steel in 1 M HCl with and without an inhibitor [33]. Moreover, the value 

of the relaxation time constant () slowly increases with MPHN concentration as well and the 

time of adsorption process becomes therefore much higher which means a slow adsorption 

process [34,35]. In the same manner, a decrease in Cdl is attributed to decrease in dielectric 

constant and increase in the thickness of the electrical double layer, suggesting that the 

MPHN molecules are adsorbed at the metal/solution interface [36]. This behavior is in 

accordance with the Helmholtz model, given by the following equation [37,38]:  

A
d

C
 0

dl 
            (9) 

Where d is the thickness of the protective layer, ε is the dielectric constant of the medium, 

ε° is the vacuum permittivity and A is the effective surface area of the electrode.  

The inhibition efficiency in the case of AC impedance study, Z(%), was evaluated by Rp 

values as described previously [39]. The calculated Z(%) values are listed in Table 2. As can 

be seen in Table 4, the polarization resistance value, Rp, increases versus the concentration of 

MPHN and reaches a maximum value of 421.5 cm2 at 1 mM. Similarly, the corrosion 
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inhibition efficiency, ηZ(%), increases continuously with increasing of the MPHN inhibitor 

concentration and the maximum of 95.2% was achieved in the case of 1 mM (Table 2). 

Therefore, these results suggest that MPHN could serve as an effective corrosion inhibitor for 

mild steel in 1 M HCl medium. It is worth mentioning that the corrosion inhibition efficiency 

values, η(%), calculated by polarization and AC impedance are in reasonable agreement. 
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Fig. 3. Nyquist plot of mild steel corrosion in 1 M HCl in the absence and presence of 

different concentrations of MPHN 

 

 

 

 

 

Fig. 4. Electrical equivalent circuit used for modelling the interface mild steel/1 M HCl 

solution without and with MPHN 

 

Table 2. Impedance parameters and inhibition efficiency values for mild steel in 1 M HCl 

containing different concentrations of MPHN at 308 K 

 

Conc 

(M) 

Rp 

(Ω cm2) 

106 Q 

Ω-1 sn cm-2 

n Cdl 

(μF cm-2) 

τ 

(ms) 

Z 

 

(%) 

Blank 20.43 514.27 0.795 158.86 3.2450 — 

10-6 109.8 190.59 0.811 77.40 8.4986 81.4 

10-5 185.6 198.09 0.767 72.62 13.478 89.0 

10-4 272.0 142.50 0.781 57.28 15.580 92.5 

10-3 421.5 99.94 0.787 42.41 17.876 95.2 

Rs CPE

Rp

Element Freedom Value Error Error %

Rs Fixed(X) 0 N/A N/A

CPE-T Fixed(X) 0 N/A N/A

CPE-P Fixed(X) 1 N/A N/A

Rp Fixed(X) 0 N/A N/A

Data File:

Circuit Model File:

Mode: Run Simulation / Freq. Range (0.001 - 1000000)

Maximum Iterations: 100

Optimization Iterations: 0

Type of Fitting: Complex

Type of Weighting: Calc-Modulus
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3.2. Gravimetric measurement 

3.2.1. Effect of concentration 

The inhibition efficiency values for mild steel in 1 M HCl media at different 

concentrations of the inhibitor are presented in Table 3. It appears that the inhibition 

efficiency increased with the increase in inhibitor concentration in 1 M HCl. This behavior 

can be explained based on the strong interaction of the inhibitor molecule with the metal 

surface resulting in adsorption [40]. The extent of adsorption increases with the increase in 

the concentration of the inhibitor leading to increased inhibition efficiency. In the acid 

solutions, the maximum inhibition efficiency was observed at an inhibitor concentration of 

10-3 M. Generally, organic inhibitors suppress the metal dissolution by forming a protective 

film adsorbed on the metal surface and separating it from the corrosion medium [41-44]. The 

corrosion suppressing ability of the inhibitor molecule originates from the tendency to form 

either strong or weak chemical bonds with Fe atoms using the lone pair of electrons present 

on the O and N atoms and the π-electrons present in benzene rings. 

 

Table 3. The values of inhibition efficiency obtained from the weight loss for mild steel in 1 

M HCl containing various concentrations of MPHN at 308 K 

 

Medium Conc. 

(M) 

CR 

(mg  cm-2  h-1) 

WL 

(%) 
θ 

Blank — 7.44 — — 

 

MPHN 

10-6 1.25 83.2 0.832 

10-5 0.66 91.1 0.911 

10-4 0.51 93.1 0.931 

10-3 0.30 96.0 0.960 

 

3.2.2. Adsorption isotherm studies 

The primary step in the action of inhibitors in acid solution is generally agreed to be the 

adsorption on the metal surface. This involves the assumption that the corrosion reactions are 

prevented from occurring over the area (or active sites) of the metal surface covered by 

adsorbed inhibitor species, whereas these corrosion reactions occur normally on the inhibitor-

free area [45]. Accordingly, the fraction of surface covered with inhibitor species (θ=ηWL% 

/100) can follow as a function of inhibitor concentration and solution temperature. The 

surface coverage (θ) data are very useful in discussing the adsorption characteristics. When 

the fraction of surface covered is determined as a function of the concentration at a constant 

temperature, adsorption isotherm could be evaluated at equilibrium condition. The 

dependence of the fraction of the surface covered θ on the inhibitor concentration (Cinh) of the 
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inhibitor was tested graphically by fitting it to Langmuir’s isotherm, which assumes that the 

solid surface contains a fixed number of adsorption sites and each site holds one adsorbed 

species. Fig. 5 shows the linear plots for Cinh/ θ versus Cinh, suggesting that the adsorption 

obeys the Langmuir’s isotherm: 

inh

ads

inh 1
C

K

C



                   (10) 

Where Cinh is the inhibitor concentration, and Kads the adsorptive equilibrium constant, 

representing the degree of adsorption (i.e., the higher value of Kads indicates that the inhibitor 

is strongly adsorbed on the metal surface); the value of Kads obtained from the reciprocal of 

intercept of Langmuir plot line and the slope of this line is near unity, meaning that each 

inhibitor molecule occupies one active site on the metal surface. The correlation coefficient 

(R2) was used to choose the isotherm that best fit experimental data (Table 4).  
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Fig. 5. Langmuir adsorption of MPHN on the mild steel surface in 1 M HCl solution 

 

From the intercepts of the straight lines on the Cinh/θ-axis (Figure 5), Kads can be 

calculated which is related to free energy of adsorption, 
adsG as given by 













 


RT

G
K

ο

ads

ads exp
55.55

1

                  (11) 

Where R is the universal gas constant, T the thermodynamic temperature and the value 

55.55 in the above equation is the concentration of water in solution in mol/L.   
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Table 4. Thermodynamic parameters for the adsorption of MPHN in 1 M HCl on the mild 

steel at 308 K 

 

 Slope Kads 

M-1 

R2 adsG  

kJ mol-1 

MPHN 1.04 7.71 105 0.999 -45.00 

 

Generally, the energy values of -20 kJ mol-1or less negative are associated with an 

electrostatic interaction between charged molecules and charged metal surface, physisorption; 

those of -40 kJ mol-1 or more negative involve charge sharing or transfer from the inhibitor 

molecules to the metal surface to form a coordinate covalent bond, chemisorptions [46,47]. 

The value of 
adsG is equal to -45.00 kJ mol-1. The large value of 

adsG and its negative sign 

is usually characteristic of strong interaction and a highly efficient adsorption [48]. The high 

value of 
adsG shows that in the presence of 1 M HCl, the chemisorption of MPHN may 

occur. The possible mechanisms for chemisorption can be attributed to the donation of π-

electron in the aromatic rings, the presence of three nitrogen and four oxygen atoms in 

inhibitor molecule as reactive centers is an electrostatic adsorption of the protonated inhibitor 

compound in acidic solution to adsorb on the metal surface. 

 

3.3. SEM analysis 

SEM photomicrographs for mild steel after 6h immersion at 308 K in a 1 M HCl solutions 

without and with 10-3 M of MPHN are shown in Figs. 6(a-c). The morphology of the polished 

mild steel specimen (Fig. 6a) is very smooth and shows no corrosion while mild steel 

specimens dipped in a 1 M HCl solution in the absence of inhibitor (Fig. 6b) is very rough 

and the surface is damaged due to metal dissolution.  

 

   

  

Fig. 6. SEM image of mild steel in a 1 M HCl solution (a) before immersion (polished) (b) 

After immersion without inhibitor (c) with inhibitor MPHN 
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However, the presence of 10-3 M of inhibitor suppresses corrosion and surface damage 

has been diminished considerably (Fig. 6c) as compared to the blank solution (Fig. 6b) which 

suggests the formation of a protective inhibitor film at the mild steel surface. 

 

3.4. UV-Visible spectroscopy study 

Some authors [49,50] claim that corrosion inhibition effects on metals in the presence of 

an inhibitor may arise from the formation of a complex involving the metal and the inhibitor. 

In order to gain an insight into the possibility of the occurrence of a complexation 

reaction, UV-visible spectroscopic measurements were undertaken since it has been reported 

that a change in position of the absorbance maximum and a change in the value of absorbance 

indicate the formation of a complex between two species in solution [51]. UV-visible 

spectroscopic measurements of MPHN were carried out for 1 M HCl solution before and 

after mild steel samples immersion at 308 K during 3 days in the presence of MPHN at a 

concentration of 10-3 M and are given in Fig. 7.  

 

 

 

Fig. 7. UV-visible spectra of a 1 M HCl solution containing 10-3 M of inhibitor before and 

after 72 h of mild steel immersion 

 

The electronic absorption spectra of MPHN before the mild steel immersion display two 

bands in the UV-region (308 and 360 nm). These bands may arise from π-π* and n-π* 

transitions with a considerable charge transfer character. After 72 h of mild steel immersion, 

it is clear that there is an increase in the absorbance of this band which indicates the 

formation of a complex between two species in solution (Fe2+ and MPHN). Obot and al [50]. 

have reported the shift in the value of absorbance indicates the complexation between two 

species in solution. However, there was no significant change in the shape of the spectra 

before and after mild steel immersion. These experimental findings provide strong evidence 
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for the complex formed between Fe2+ and MPHN in 1 M HCl solution. UV-visible 

investigation confirms the formation of a protective film of the inhibitor on the metal surface. 

 

3.5. Quantum chemical calculations 

The optimized geometry, HOMO and LUMO structure of studied inhibitor is given in  

Fig. 8. As per the frontier molecular orbital theory, HOMO energy is connected with the 

ability to donate the electron to the empty d-orbital of metal surface i.e. higher its value 

greater would be its donation ability.  

  

 

  

 

 

 

 

            

                  (a)                                                    (b)                                                     (c) 

  

Fig. 8. (a) Optimized geometry of non-protonated, Frontier molecular orbital's of non-

protonated MPHN; (b) HOMO and (c) LUMO 

 

Table 5. Some molecular properties of MPHN calculated using DFT at the B3LYP/6-31G 

(d,p) basis set in aqueous phase both in neutral and protonated form 

 

Molecular parameters MPHN (neutral) MPHN (protonated at N38) 

HOMOE
 (eV) -0.20885 -0.29936 

LUMOE
 (eV) -0.04288 -0.13346 

E gap (eV) 0.16597 0.16590 


(debye) 6.9213 16.2084 

 

However, LUMO energy is connected to the ability for electron acceptance i.e. lower its 

value higher would be its electron accepting tendency from the filled metal orbital’s [52]. The 

difference between EHOMO and ELUMO, referred as the energy gap (∆E=ELUMO-EHOMO), which 

is also an important parameter to determine the inhibition efficiency of the inhibitors, i.e. 

lower the ∆E values of the inhibitor, higher would be its inhibition efficiency. 

The calculated molecular properties for MPHN are presented in Table 5. It is evident 

from Table 5 that MPHN has the highest EHOMO in the neutral form and a lower EHOMO in the 
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protonated form. This means that the electron donating ability of MPHN is weaker in the 

protonated form.  The energy of the LUMO is directly related to the electron affinity and 

characterizes the susceptibility of the molecule towards attack by neuclophiles. The lower the 

values of ELUMO are, the stronger the electron accepting abilities of molecules. It is clear from 

Table 5 that the protonated form of MPHN exhibits the lowest EHOMO, making the protonated 

form the most likely form for the interaction of mild steel with MPHN molecule. Low values 

of the energy gap (∆E) will provide good inhibition efficiencies because the excitation energy 

to remove an electron from the last occupied orbital will be low [53]. A molecule with a low 

energy gap is more polarizable and is generally associated with a high chemical reactivity. 

The calculation in Table 5 shows that MPHN in the protonated form has the smallest energy 

gap value indicating that it is in this form that MPHN can easily adsorb on the metal surface 

causing higher protection. A similar report has been documented [54]. According to 

literature, there is a lack of agreement on the correlation between dipole moment and 

inhibition mechanism [53, 54]. However, the dipole moment of MPHN is higher in the 

protonated form than in the neutral form. The high value of dipole moment probably 

increases the adsorption between a chemical compound and metal surface [55]. 

 

4. CONCLUSION 

The present study describes the adsorption behavior of N,N’-

((methylazanediyl)bis(propane-3,1-diyl))bis(2-hydroxy-1-naphthamide) (MPHN) on mild 

steel surface in 1 M HCl using experimental and theoretical techniques. The study suggests 

that MPHN is a good corrosion inhibitor for mild steel in 1 M HCl. The results showed that 

inhibition efficiency increases with increasing concentration of MPHN. Potentiodynamic 

polarization curves study revealed that MPHN is a mixed type inhibitor. EIS measurements 

indicate that the thickness of the electric double layer increases due to the adsorption of 

MPHN at the metal/electrolyte interface. The SEM analysis revealed that the mild steel 

surface was protected in presence of MPHN. UV-visible spectrophotometric studies clearly 

reveal the formation of Fe-MPHN complex which may be responsible for the observed 

inhibition. Theoretical calculations provide good support to the experimental results. 
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