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Abstract- The present study aims at investigating  the  corrosion inhibition  performance of  
a new triazole inhibitor namely  (Z)-4-((2,4-dihydroxybenzylidene) amino)-5-methy-2,4-
dihydro-3H-1,2,4-triazole-3-thione on mild steel corrosion in 1.0 M HCl solution using 
weight loss, electrochemical impedance spectroscopy, potentiodynamic polarization 
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measurements and density functional (DFT) methods. The results show that inhibition 
efficiency increases with increase in the inhibitor concentration and maximum inhibition 
efficiency of 80.74% was obtained at a concentration of 10-3 M. The corrosion behavior was 
also studied in the absence and presence of inhibitor at various concentrations in the 
temperature range of 318-348 K. Potentiodynamic polarization results showed that the 
inhibitor is mixed-type. The Nyquist plots showed that on increasing the inhibitor 
concentration charge-transfer resistance increased and double-layer capacitance values 
decreased thereby suggesting that corrosion inhibition is charge transfer controlled process 
and   inhibition occurs due to the adsorption of inhibitor molecules on the metal surface. The 
adsorption of inhibitors followed Langmuir a isotherm Quantum chemical calculations very 
well supported the experimental results. 

Keywords- Mild steel, Corrosion inhibition, Adsorption, Potentiodynamic polarization, 
Electrochemical impedance, Quantum chemical calculation 
  

1. INTRODUCTION  

The study of the corrosion inhibition of metals in acid solutions is an important industrial 
topic. Acidic solutions especially hydrochloric acid solutions (HCl), are widely used in 
various industrial processes, such as oil well acidification, acid pickling, acid cleaning, and 
acid descaling, which generally leads to serious metallic corrosion [1]. 

The use of inhibitors is one of the most practical methods for protection against corrosion 
and prevention of unexpected metal dissolution and acid consumption, especially in acidic 
medium. 

Heterocyclic compounds constitute a potential class of corrosion inhibitors. Compounds 
containing both nitrogen and sulphur atoms in the same molecule are of particular importance 
as they provide better inhibition efficiency as compared to compounds containing nitrogen 
and sulphur alone [2-6].  

In continuation of work on hetrocyclic compounds [7], we have investigated the effect of 
new triazole namely (Z)-4-((2,4-dihydroxybenzylidene)amino)-5-methy-2,4-dihydro-3H-
1,2,4-triazole-3-thione on the corrosion inhibition of mild steel in 1 M HCl medium by 
electrochemical impedance spectroscopy (EIS) and potendiodynamic polarization methods. 
The selection of this compound as corrosion inhibitor is based on the fact that it is non toxic 
and contains three nitrogen atoms, sulphur and two hydroxyl groups in the same molecule 
which act as the absorption centers through which this inhibitor can get adsorbed on the mild 
steel surface and reduces the corrosion rate of mild steel [8]. In addition, quantum chemical 
calculations were calculated using DFT method to support the experimental results. Figure 1 
shows the molecular structure of the triazole derivative. 
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Fig. 1. Chemical structure of the inhibitor 
 

2. EXPERIMENTAL 

2.1. Materials 

The test material in this study is mild steel with the chemical composition (in wt%) of 
0.09%P, 0.01% Al, 0.38% Si, 0.05% Mn, 0.21% C, 0.05% S and the remainder iron (Fe).  
The steel samples were pre-treated prior to the experiments by grinding with emery paper SiC 
(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. 
 
2.2. Solutions 

The aggressive solutions of 1.0 M HCl were prepared by the dilution of analytical grade 
37% HCl with distilled water. The concentration range of (Z)-4-((2,4-
dihydroxybenzylidene)amino)-5-methy-2,4-dihydro-3H-1,2,4-triazole-3-thione used was 10-6 

M to 10-3 M. 
 
2.3. Weight loss study 

Weight loss experiments were performed according to the standard methods [9]. The mild 
steel sheets of 1×1×0.1cm dimension were immersed in a 250 mL beaker containing 100 mL 
of 1.0 M HCl solution with and without addition of different concentrations of inhibitor. All 
the aggressive acid solutions were open to air. After 6 hours of immersion, the specimens 
were taken out, washed, dried, and weighed accurately. In order to get good reproducibility, 
all measurements were performed three times and average values were reported. The 
inhibition efficiency (ηWL%) and surface coverage (θ) were calculated as follows: 

At
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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 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). 
 
2.4. Electrochemical measurements 

The electrochemical measurements were carried out using Volta lab (Tacussel- 
Radiometer PGZ 100) potentiostat 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 (surface area of 1 cm2). The working electrode was mild steel with 
the surface area of 0.32 cm2. The working electrode was immersed in test solution for 30 min 
in order to get the 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 308 K. The EIS experiments were conducted in the 
frequency range of 100 kHz to 0.1 Hz at open circuit potential, with an amplitude of 10 mV 
per decade peak-to-peak. The semicircle can be best fitted 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: 

% 100
i
ct ct

i
ct

z
R R

R
η

°−
= ×                                 (4) 

Where, R°
ct and Ri

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

The potentiodynamic polarization measurements of mild steel substrate in inhibited and 
uninhibited solution were scanned from cathodic to the anodic direction in the potential range 
of ±250 mV, with a scan rate of 1 mV s−1. 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 curve 
fitting using the equation: 

2.3 2.3
corr

a c

E EI I exp exp
β β

    ∆ ∆
= −    

    
                              (5) 

The inhibition efficiency was evaluated from the measured Icorr values using the following 
relationship: 
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ηTafel(%) = 
corr

corr(i)corr

I

II −
× 100                   (6) 

Where Icorr and Icorr(i) are the corrosion current densities for steel electrode in the 
uninhibited and inhibited solutions, respectively. 
 
2.5. Quantum chemical calculations 

Complete geometry optimization of the inhibitor molecules were performed using density 
functional theory (DFT) with Beck's three-parameter exchange functional along with Leee 
Yange Parr non-local correlation functional (B3LYP) with 6-31G basis set using the 
Gaussian 03 program package [10]. It is well known that the corrosion process undergoes in 
the aqueous phase, so it is computationally suitable to include the effect of solvent. Frontier 
molecular orbitals (HOMO and LUMO) were used to interpret the adsorption of inhibitor 
molecules on the metal surface. According to DFT-Koopman's theorem [11,12], the 
ionization potential (I) is approximated as the negative of the highest occupied molecular 
orbital energy (EHOMO) and the negative of the lowest unoccupied molecular orbital energy 
(ELUMO) is related to the electron affinity (A). 

I = -EHOMO                            (7) 
A = -ELUMO                            (8) 

Natural bond orbital (NBO) analysis [13] was performed to evaluate the electron density 
distributions. The electron density plays an important role in calculating the chemical 
reactivity parameters. The global reactivates include electronegativity (χ), global hardness (η) 
and the global softness (σ). They can be calculated from the following equations: 

2
I Aχ +

=                       (9) 

2
I Aη −

=                     (10) 

1 2

HOMO LUMOE E
σ

η
= = −

−
                  (11) 

The local reactivity has been analyzed by means of Fukui indices [14], an indication of 
the reactive centers within the molecules. These measurements provide the chemical 
reactivity, as well as an indicative of the reactive regions, nucleophilic and electrophilic 
behavior of the molecule [15]. The condensed Fukui functions were found by taking the finite 
difference approximations from Mulliken population analysis of atoms in inhibitor 
molecules, depending on the direction of the electron transfer. 

( ) ( )1k k kf q N q N+ = + −                   (12) 
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( ) ( )1k k kf q N q N− = − −                   (13) 

Where q (N), q (N+1), and q (N-1) are the electronic population of the atom k in neutral, 
cationic and anionic systems respectively [16]. 
 

3. RESULTS AND DISCUSSION 

3.1. Open circuit potential 

Before the electrochemical measurements, the variation in Eocp for every second up to 30 
min was measured for mild steel immersed in 1MHCl with and without inhibitor. Associated 
Eocp vs. time curves in absence and in the presence of optimum concentration of inhibitor are 
presented in Fig. 2.  

 

 
 
Fig. 2. OCP vs. time measurements in absence and presence of optimum concentration of 
inhibitor  
 

In absence of inhibitor molecules, the curve starts nearly at -450 mV and display stable 
plateau throughout the observed period of study. On the other hand, in presence of inhibitor 
the Eocp vs. time curve was observed to be more positive compared in absence of inhibitor 
and decreases until 1650 s after which it builds up a constant potential until the 1800th 
second. 
 
3.2. Potentiodynamic polarization curves 

The potentiodynamic measurement results of mild steel in 1.0 M HCl solution without 
and with different inhibitor concentrations are shown in Fig. 3. The polarization parameters 
namely corrosion current density (icorr), corrosion potential (Ecorr), anodic Tafel slope (βa), 
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cathodic Tafel slope (βc) and percentage inhibition efficiency (ηT%) were calculated from the 
Tafel curves and are given in Table 1. It can be observed from Fig. 2, both the cathodic and 
anodic reactions were suppressed with the addition of inhibitor, which suggested that 
inhibitor reduced both the anodic dissolution as well as retardation of hydrogen gas evolution 
reactions respectively [17]. 

 

 
 
Fig. 3. Polarization curves for mild steel in 1.0 M HCl in the absence and presence of 
different concentration of inhibitor 
 

It is clear from Table 1 that after increasing the concentration of inhibitor, the inhibition 
efficiency increased, while the corrosion current density decreased due to adsorption of 
inhibitor on the mild steel surface. The minor shift in Ecorr value (60 mV) towards positive 
direction in the presence of inhibitor as compared to the Ecorr value in the absence of inhibitor 
indicate the mixed mode of inhibitor action with predominant control by anodic reaction [18, 
19].  
 
Table 1. The electrochemical parameters for mild steel in 1.0 M HCl solution without and 
with different concentration of inhibitor at 308 K 
 

Inhibitor 
concentrations 

-Ecorr 
(mVSCE) 

βa 

(mV/dec) 
-βc 

(mV/dec) 
icorr (mA/cm2) 

ηT 
(%) 

HCl 1M 490 77 155 0.655 - 

10-6 M 456 57 128 0.1691 70.12 

10-5 M 437 55 195 0.1435 78.09 

10-4 M 441. 42 166 0.14 78.61 

10-3 M 451. 63 154 0.122 81.37 
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3.3. Electrochemical impedance spectroscopy studies 

The Nyquist plots obtained from the EIS measurements for mild steel in 1.0 M HCl 
solutions at 308 K are shown in Fig. 4. The plots are characterized by a depressed semicircle 
reflects that corrosion process was mainly controlled by charge transfer mechanism and 
surface in-homogeneity of structural or interfacial origin, such as those found in adsorption 
processes respectively [20]. The diameter of semicircle in presence of inhibitor increased 
with increase in inhibitor concentration, which represents that mild steel surface becomes 
more resistance towards corrosion due to adsorption of inhibitor molecules. The charge 
transfer resistance values (Rct) were calculated from the difference between impedance values 
at lower and higher frequencies as suggested by Haruyama et al. [21]. The double layer 
capacitance (Cdl) was obtained from the following equation [22]: 

( ) 1
2img

dl ct

f Z
C Rπ

− =                    (14) 

Where Zimg is the frequency of maximum imaginary components of the impedance and 
Rct is the charge transfer resistances.  

The calculated electrochemical parameters of EIS measurements are listed in Table 2.  
 
Table 2. EIS parameters for the corrosion of mild steel in 1.0 M HCl containing inhibitor at 
308 K 
 

Inhibitor concentration Rct (Ω.cm2) 
fmax 

 (Hz) 
Cdl (µF/cm2) 

ηz 
(%) 

HCl 1M 16.27 100 97.82 - 

10-6 M 50.48 50 63.06 67.77 

10-5 M 70.39 50 45.22 76.88 

10-4 M 81.41 50 39.1 80.01 

10-3 M 88.8 50 35.84 81.67 

 
From the Table, it is clear that as the inhibitor concentration increased, the Rct values 

increased and the Cdl values decreased, which is due to a decrease in local dielectric constant 
and/or an increase in the thickness of the electrical double layer, suggesting that the inhibitor 
molecules acted by adsorption at the metal/solution interface [23]. In addition, the inhibitor 
molecules may reduce the capacitance by increasing the double layer thickness according to 
the Helmholtz model [24]: 

0
org

dl

A
C
ε εδ =                     (15) 
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Where ε  is the dielectric constant of the medium, 0ε  is the dielectric constant in vacuum,   

 
 
 
 
 
 
 
 
  
 
 
 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) Nyquist plots recorded for mild steel in 1.0 M HCl solutions without and with 
differents concentrations of inhibitor; (b) Equivalent circuit used to simulate the EIS diagram; 
(c) Fitted Nyquist plot and Bode plot for PZ-1; (d) Fitted phase angle plot; (e) Fitted Bode 
plot; (f) Bode (log f vs. log|Z|) and phase angle (log f vs. theta) plots of impedance spectra for 
mild steel in 1 M HCl in absence and presence of different concentration of inhibitor 

A is the electrode surface area and orgδ  is the thickness of the protective layer. The 

impedance diagram can be modeled by the addition of solution resistance (Rs), constant phase 
element (CPE) and charge transfer resistance (Rct) and are shown in Fig. 4b.[25]. The 

(a) (b) 

(c) (d) 

(e) 

(f) 
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equivalent electrical circuits used provide a good fit over the impedance experimental data 
and are shown in Fig. 4c-e [26-29]. 

The Bode and phase angle plots for mild steel in 1 M HCl in absence and presence of 
different optimum concentration of inhibitor is shown in Fig. 4f. The Bode phase angle plots 
have only one maximum i.e. one time constant at the intermediate frequencies and 
broadening of this maximum in presence of inhibitor suggests the formation of a protective 
layer on mild steel surface. Also increase in the phase angle values in presence of inhibitor 
reveals their inhibitive action. The impedance values in presence of inhibitor are larger than 
their absence (Fig. 4f), which indicates the reduction of corrosion process. 
 

3.4. Weight loss study 

3.4.1. Effect of inhibitor concentration 

Table 3 shows the results obtained from weight loss measurements for mild steel in 1.0 M 
HCl solutions in the absence and presence of different concentrations of inhibitor. It has been 
observed from the results that the ηWL% of inhibitor increases from 64.84% to 80.47% with 
the increase in inhibitor concentration from 10-6 to 10-3 M. Indeed, corrosion rate values of 
mild steel decreases from 0.1125 to 0.0625 mg/cm2/ h on the addition of inhibitor. The 
increase in efficiency may be due to the blocking effect of the surface by both adsorption and 
film formation mechanisms, which decrease the effective area of corrosion attack [30]. The 
inhibiting performance exhibited by the compound may be due to the planar aromatic rings 
and presence of N, S atoms and п electrons [31]. 
 

Table 3. Weight loss values of various concentrations of (inhibitor) in 1.0 M HCl solution 
 

Concentrations CR(mg/cm2 x 
h) 

θ ηWL 

% 
HCl (1M) 0.32 - - 

10-6 M 0.1125 0.64 64.84 
10-5 M 0.0801 0.74 74.96 

10-4 M 0.0726 0.77 77.31 

10-3 M 0.0625 0.8 80.47 

 
3.4.2. Adsorption isotherm 

The extent of adsorption of an inhibitor on the metal surface is usually influenced by the 
parameters such as the nature, chemical structure, distribution of charge on the molecule and 
charge on the metal. Basic information regarding the nature of interaction of the adsorbed 
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inhibitor molecule and the mild steel surface can be elucidated using adsorption isotherm. 
The surface coverage θcan be obtained by using the well-known formula η=WL%/100. The 
value of θ increased with increase in inhibitor concentration, demonstrating the more 
pronounced adsorption of inhibitor on the metal surface. The θ value was fitted to various 
isotherms like Langmuir, Freundlich, Temkin and Frumkin. Langmuir was found to give the 
best description on the adsorption of inhibitor. The equation corresponding to Langmuir 
adsorption isotherm is: 

1inh
inh

ads

C C
Kθ

= +
                   (16) 

Where Cinh represents the concentration of the inhibitor in mol/L and K denotes the 
adsorption-desorption equilibrium constant. A plot of Cinh vs Cinh/θ gave a straight line with a 
slope around unity (Fig. 5). This suggests monolayer adsorption of inhibitor on the surface of 
mild steel. The values of thermodynamic parameters such as Kads , ΔG°

ads, R2 and the 
correlation coefficient R2 were enumerated in Table 4. 

 
 
Fig. 5. The Langmuir adsorption isotherm plots for the adsorption of inhibitor in 1.0 M HCl 
on the surface of mild steel 
 
Table 4. Thermodynamic parameters for mild steel in 1.0 M HCl in the presence of inhibitor 
at 308 K 
 

Measurements Kads L mol-1 ΔG°ads 

kJ mol-1 
(R2) 

Weight loss 4.63×105 -43.69 0.9999 
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ΔG°adscalculated from the slope of Langmuir adsorption isotherm using the following 
equation: 

(55.5 )ads adsG RTLn K°∆ = −                                                                                              (17) 

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 L-1. In Fig. 5, the intercept on 
the vertical axis is the value of 1/ Kads.  

Generally, values of ΔGads up to -20 kJ/mol, the types of adsorption were regarded as 
physisorption, the inhibition acts due to the electrostatic interactions between the charged 
molecules and the charged metal, while values around -40 kJ/mol or smaller are associated 
with chemisorption as a result of sharing or transfer of electrons from organic molecules to 
the metal surface to form a coordinate type of bond (chemisorption) [32]. 

Then according to Eq. (17), we calculated the ΔGads=-43.69 kJ/mol. Therefore it can be 
concluded that the adsorption of the inhibitor on the mild steel surface is mainly the chemical 
adsorption inevitably accompanied by the physical adsorption. 

 
3.4.3. Influence of Temperature 

The study of the influence of temperature on the rate of corrosion inhibition of mild was 
performed in the temperatures range of 318 to 348 K in the absence and presence of optimum 
concentration of inhibitor, to determine the activation energies, enthalpies and entropies of 
activation of the corrosion. The corresponding data are shown in Table 5.   
 
Table 5. Various corrosion parameters for steel in 1.0 M HCl in absence and presence of 
optimum concentration of inhibitor at different temperatures 
 

Temperature (K) Inhibitor CR(mg/cm2x h) ηWL(%) 

318 
HCl 1 M 2.1804 - 

inhibitor 0.7688 64.74 

328 
HCl 1 M 4.1887 - 

inhibitor 1.7567 58.06 

338 
HCl 1 M 7.2009 - 

inhibitor 3.6012 49.99 

348 
HCl 1 M 9.9982 - 

inhibitor 5.9919 40.07 
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The comparative study of Table 5 showed that the corrosion rate increases with increase 
in temperature in both the inhibited solutions and uninhibited, while the efficiency of 
inhibiting solution decreases. A decrease in the efficiency of inhibition with increasing 
temperature in the presence of the studied compound may be due to the weakening of 
physical adsorption. 

To determine the activation energy, Arrhenius equation equations 18 and 19 were use for 
the determination of activation energy.  This provides a linear graph between ln CR vs T-1 and 
is shown in Fig. 6. 

𝐶𝐶𝑅𝑅 = 𝐴𝐴 𝑒𝑒𝑒𝑒𝑒𝑒 �− 𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅
�                                                                                                     (18) 

𝐿𝐿𝐿𝐿𝐶𝐶𝑅𝑅 = − 𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅

+ 𝐿𝐿𝐿𝐿𝐴𝐴                                                                                                   (19) 

To access enthalpy of activation (ΔHa) and entropy of activation (ΔSa), Eyring equation 
was used [33]: 

aexp expa
R

S HRTC
Nh R RT

 ∆ ∆ = −  
     

Where CR is the corrosion rate, R is the gas constant, T is the absolute temperature, A the 
pre-exponential factor, h the Plank's constant and N is Avogrado's number, Ea the activation 

energy for corrosion process, aH∆ the enthalpy of activation and aS∆ the entropy of 
activation. 

 

 
 
Fig. 6. Arrhenius plots of Ln CR vs. 1/T for steel in 1.0 M HCl in the absence and the presence 
of at optimum concentration of inhibitor  

(20) 
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Figure 7 shows the variation of Ln (CR/T) function (1/T) as a straight line with a slope of 
(-ΔHa/ R) and the intersection of [Ln(R/Nh)+(ΔSa /R)] to determine the values of ΔHa and ΔSa 
respectively. The activation parameters (Ea, ΔHa and ΔSa) are summarized in Table 6. 

 

 
 
Fig. 7. Arrhenius plots of Ln (CR/T) vs. 1/T for steel in 1.0 M HCl in the absence and the 
presence of at optimum concentration of inhibitor 
 

It is clear from Table 6 that the value of activation energy for the inhibited solution is 
higher than that for the uninhibited solution, indicating that the dissolution of mild steel is 
decreased due to formation of a barrier by the adsorption of the inhibitor molecules on metal 
surface [34-36]. The variation of the activation energy (Ea) and the enthalpy of activation 
(ΔHa) vary in the same way with the concentration of inhibitor, which satisfies the 
relationship, i.e. Ea–ΔHa=RT [37]: The positive sigh of ΔHa represents the endothermic 
dissolution of the mild steel. 

The value of ΔSa was lower for the uninhibited solution than that for the inhibited one. 
This might be attributed that the rate-determining for the activated complex follows the 
association pathway rather than dissociation [38].  
 
Table 6. Activation parameters for the steel dissolution in 1.0 M HCl in the absence and the 
presence of inhibitor at optimum concentration 
 

Inhibitor 
Ea 

(kJ/mol) 

∆H°
a

 

(kJ/mol) 
∆S°

a
 

(J/mol K) 
Ea-∆Ha 

(KJ/mol) 

HCl 1 M 47.19 44.42 -98.79 2.77 

inhibitor 63.44 60.67 -56.4 2.77 
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Fig. 8. The frontier molecule orbital density distributions of inhibitor: (a) optimized neutral 
structure (b) optimized neutral structure (c) HOMO neutral (d) LUMO neutral (e) HOMO 
protonated (f) LUMO protonated 

 

(a) (b) 

(d) (c) 

(f) (e) 
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3.5. Quantum chemical calculation 

Quantum chemical calculations are powerful tool to understand the mechanism of 
inhibition and to theoretically predict the efficiency of the organic inhibitors by analyzing the 
global reactivity parameters, such as the EHOMO of the molecule, which signifies the ability of 
inhibitor to donate electrons to metal, ELUMO indicates the propensity of the molecule to 
accept electrons. The lower ELUMO value reveals the greater ability of the molecule to accept 
electrons from metal surface. The energy gap, ∆E, is also an important parameter which 
indicates the reactivity of the inhibitor towards the metal surface [39]. As ∆E decreases, the 
reactivity of the molecule increases, leading to an increase in adsorption onto the metal 
surface. Thus, ∆E has been used in literature to characterize the binding ability of inhibitor 
molecules to the metal surface [40].  

Figure 8 shows the optimized geometry, the HOMO density distribution and the LUMO 
density distribution of neutral and protonated inhibitor molecules. 

From the figure it is observed that in the neutral and protonated forms of inhibitor, the 
HOMO regions are distributed over the entire triazole ring including the sulfur atom. 
However, in case of neutral, LUMO is distributed throughout the inhibitor molecule and in 
protonated it is over the –OH functional group. Therefore, before and after protonation the 
HOMO region almost remains intact but LUMO gets changed. Table 7 shows the calculated 
quantum chemical parameters. 
 

Table 7. Calculated quantum chemical parameters of neutral and protonated inhibitor 
 

Inhibitor EHOMO ELUMO ΔE 
Neutral -5.059 -1.490 3.569 
Protonated -8.516 -5.793 2.723 

 
As observed from Table 7 that the EHOMO values of neutral form of inhibitor is higher 

than protonated, which supports the greater electron donation ability by neutral inhibitor as 
compared to protonated one. At the same time ELUMO value of protonated gets lower as 
compared to neutral, indicating more electron acceptance from the filled metal d-orbital [41-
44]. The energy gap i.e. ∆E is lower in protonated form of inhibitor than neutral, revealing 
the higher binding ability of protonated inhibitor than neutral. Thus, it is concluded on the 
basis of energy gap (∆E) that protonated form triazole is better inhibitor than neutral 
inhibitor.    
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3.6. Fukui index analysis 

The adsorption of the inhibitor molecules on the metallic surfaces takes place by the 
donor-acceptor interaction, which can be analyzed by the Fukui indices. The maximum 
threshold values of fk

+ and fk
– where used to determine the nucleophilic and electrophilic 

behavior of different sites of the inhibitor molecules. The higher values of fk
+ and fk

– suggest 
the higher electron acceptance and electron donation respectively. The calculated Fukui 
indices are presented in Table 8.  
 

Table 8. Calculated Fukui functions for the studied inhibitor molecule in aqueous phase 
 

Atoms fk- fk+ 
C1 -0.016 0.0159 
N2 0.1393 0.0073 
N3 0.1513 0.0026 
C4 0.0195 0.0149 
N5 0.1824 -0.0039 
N6 0.0967 0.1936 
C7 -0.0007 0.0008 
S8 0.3407 0.0498 
C9 0.0139 0.2030 
C10 -0.0003 0.0215 
C11 0.0034 0.0448 
C12 0.0006 0.0281 
C13 0.0041 0.1603 
C14 0.0042 0.0008 
C15 0.0534 0.2325 
O16 0.0002 0.0053 
O17 0.0016 0.0261 

 
Observation of table suggests that,  the most susceptible sites for electrophilic attacks i.e., 

electron donation (fk
-) are N(2), N(3), C(4), N(5), N(6), S(8), C(9) and C(15) atoms 

respectively and the favorable sites for electron acceptance (fk
+) i.e., nucleophilic attacks are 

C(1), C(4), N(6), S(8), C(9), C(10), C(11), C(12), C(13), C(15) and O(17) respectively.  
Thus, triazole and phenyl rings are actively participate in donor-acceptor interactions and 

which intern facilitates the adsorption of inhibitor molecule over the metal surface.  
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4. CONCLUSSION 

1. The results showed that trialzole is a very good inhibitor and showed 81% inhibition 
efficiency at 10-3 M concentration.  

2. Adsorption of inhibitor at the mild steel surface in HCl solutions gave a good fit to 
Langmuir isotherm model. The values of Gibbs free energy of the adsorption process 
indicated that the adsorption of inhibitors on the mild steel surface takes place through 
chemical as well physical mechanism. 

3. The potentiodynamic polarization curves indicated that inhibitor is a mixed type of 
inhibitor.  

4. EIS spectra reveal that corrosion is controlled by charge transfer mechanism and inhibition 
occurs due to adsorption of inhibitor molecules on the metal surface.  

5. The calculated quantum chemical parameters reveal that protonated form is better inhibitor 
than its neutral form. 
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