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Abstract. TzPz, a newly synthesized ethyl 2-(3-(3,5-dimethyl-1H-pyrazol-

1-yl)-H-1,2,4-triazol-1-yl) ethan-ol, was evaluated as a mild steel corrosion 

inhibitor in 1.0 HCl environment. The synthesis objective for this type of 

molecule-type was to create a triazole-based molecule with a simple yet 

effective structure, as well as to increase the number of nitrogen donors to 

boost adsorption affinities at the metal surface. This investigation began with 

electrochemical techniques such as EIS & PDP. The results obtained suggest 

that TzPz is a good inhibitor, with a maximal effectiveness (91.9%) at 303 

K. The inhibitory efficacy increases dramatically with increasing 

concentration and decreases with increasing temperature. According to 

electrochemical data, TzPz functions as a mixed inhibitor, and the corrosion 

process is controlled by charge transfer. In addition, the adsorption isotherm 

adheres to the Langmuir  model. UV-visible spectroscopy is used to evaluate 

the probability of Fe-inhibitory molecule interactions. Theoretical 

calculations using the DFT technique were performed and discussed for the 

molecule TzPz in order to understand its interfacial approach and compare 

them to experimental data. 

Keywords. Pyrazole-Triazole; M-Steel; EIS/PDP techniques; Theoretical 

calculation. 
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1 Introduction  

Heterocyclic nitrogen compounds have a significant role in the field of corrosion inhibition, 

particularly vis-a-vis the corrosion of a metal much used in industrial domain, namely steel. 

Among the various types of heterocyclic systems, triazoles and pyrazoles stand out as widely 

recognized and representative five-membered heterocycles[1-3]. These chemicals 

compounds find utility in many different applications thanks to their exceptional properties. 

As an effective organic inhibitor of the presence of the electron doublet on nitrogen. 

Mild steel is among metals which having weak behavior towards acid environments giving 

rise to corrosion attack and consequently a horrible cost of industrial field[4, 5] [6]. 

In this paper, the inhibitor (TzPz) is examined, and Fig.1 below depicts its chemical structure. 

 

 

 

 

 

Fig.1. Molecular Structure of TzPz. 

2 Experimental  

2.1 Electrolyte and Materials  

This experiment uses a commercial 37% HCl acid solution that has been diluted to 1M as the 

blank electrolyte. With the use of an electronic balance, we were able to weigh the necessary 

amount to make the various inhibitor concentrations. We then added the blank solution to the 

graduated flask then completed by the blank solution, and mix until homogeneous. 

Consequently, solutions with concentrations range (10-3 - 10-6) M were prepared in order to 

conduct electrochemical studies. The chemical composition of the CS metal plates examined 

in this work is listed in table 1. CS samples are parts disc-shaped of 1 cm2 for electrochemistry 

and square parts of 2.5 cm × 2.5 cm × 0.05 cm for the UV measurement, which have been 

polished using a range of emery paper (180 - 1200). After that, they are dried, washed with 

bidistilled water, submerged in a 1M HCl both with presence & absence of inhibitor 

concentrations. 

 

Table 1 Chemical composition of CS. 

 

Elements Fer C Si P Mn Al S 

% by mass 99.21 0.21 0.38 0.09 0.05 0.01 0.05 

 

2.2 Electrochemical studies 

To carry out an electrochemical investigation, we employed a three-electrode cell: the WE 

(working electrode), with the CS surface has previously prepared, the RE (reference 
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electrode), which is based on the SCE and the CE (counter electrode), with platinum. The 

Tafel curves and impedance diagrams are provided by the "Voltamaster4" software 

computer, which is coupled to a potentiostat/galvanostat PGZ-100 that linked to the cell with 

a double-wall thermostat. To create a steady-state open circuit potential (OCP) for the various 

inhibitor concentrations, the working electrode must be stabilized and maintained in the 

solution for 30 minutes. the polarization curve plots were created while maintaining a scan 

rate of 0.5 mV/sec throughout a potential range of -800 to -200 mV. EIS diagrams were 

generated at OCP potential using an AC signal with an amplitude of 10 mV and a frequency 

range of (100 kHz - 10 mHz). 

2.3 UV-Vis analysis  

Ultraviolet-visible absorption spectrophotometry (UV-Visible has also been utilized to study 

the mechanism behind TzPz behavior with CS-substrate surfaces in 1M HCl environment.  

Using the spectrophotometric technique, CS samples were submerged in HCl (1M) acid for 

three days at 303 K, either with or without the addition of an inhibitor TzPz at the optimum 

concentration 10-3M. Measurements were performed with a Jasco V-730 UV/Visible 

spectrophotometer, under the control of Spectra Manager software. (200 – 800 nm) was the 

wavelength range that was investigated.  

2.4 Quantum computing method DFT 

The computing approach was applied to study the TzPz electronic characteristics order to 

predict a potential reactivity tendency of the tested molecule. To do this, a DFT calculation 

is performed with the B3LYP functional and the 6-31G(d,p) basis set, which is handled by 

the Gaussian (09W) 2013 program module, to get the reactivity descriptors. The quantum-

chemical descriptors were calculated using formulas from earlier research.  

 

3 Results and interpretation  

3.1 PDP measurements  

PDP curves for CS in 1M HCl media in reference & TzPz solutions is elucidated in Fig. 2. 

The deduced parameters from these curves for the various concentrations tested are 

regrouped in Table 2, namely current density, Tafel slopes, corrosion-potential (noted 

respectively: cathodic-β (βc), anodic-β (βa), icorr and Ecorr). Inhibitory effectiveness based on 

icorr of each inhibitor was calculated by this Eq:  

 

 
𝐸𝑇𝑎𝑓𝑒𝑙(%) = (

𝑖𝑐𝑜𝑟,𝑓𝑟𝑒𝑒 − 𝑖𝑐𝑜𝑟,𝐼𝑛ℎ

𝑖𝑐𝑜𝑟,𝑓𝑟𝑒𝑒
) × 100 

(1) 

                                                                   

where icor.free  , icor.inh are the densities current in uninhibited & inhibited solutions, respectively.  

3

BIO Web of Conferences 109, 01021 (2024)
WA2EN2023

https://doi.org/10.1051/bioconf/202410901021



 
 

-800 -600 -400 -200
-4

-2

0

2

lo
g 

i (
m

A
/c

m
2 )

E (mV/SCE)

 1M HCl

 10-3M TzPz

 10-4M TzPz

 10-5M TzPz

 10-6M TzPz

 

Fig.2. Tafel curves of M-steel uninhibited and inhibited with different concentrations of 

TzPz in used acid at 303 K. 

Table 2 Data deducted from Tafel extrapolation of M-steel uninhibited and inhibited with 

various [C] of TzPz in 1M aggressive acid at 303 K. 

 

Media 

 

Conc. -Ecorr 

(mV vs. 

SCE) 

icorr 

(µA cm-2) 

Tafel slopes (mV dec-

1) 

ηTafel 

(%) 
-βc βa 

Blank 1M 456.3 1104.1 112 155.4 --- 

 

TzPz 

10-6 415.5 420.7 102.4 56.3 61.9 

10-5 425.4 229.2 119.9 62.9 79.2 

10-4 422.2 167.8 123.0 60.5 84.8 

10-3 421.7 89.4 133.1 63.1 91.9 

 

Figure 2 illustrates that the progressive addition of TzPz resulted in a decrease in the current 

density of anodic and cathodic reactions for CS in comparison to the reference solution. 

demonstrating that adding an inhibitor to an acidic environment slows down the reduction of 

hydrogen and lessens the anodic dissolution of CS. Furthermore, cathodic branches gave rise 

to parallel Tafel droits, indicating that the addition of TzPz doesn’t alter the hydrogen 

evolution processes[7] .It is primarily a charge transfer mechanism that reduces the hydrogen 

ions on the metallic surface. 

The data deduced from extrapolating the PDP curves are listed in Table 2. It’s clear that a 

decrease in the icorr combined with an increase in the tested TzPz molecule's concentration 

results in an increase in ηTafel (%), which reaches to 91.9%. This indicates that this substance 

functions as an efficient corrosion inhibitor of CS in HCl. Furthermore, Ecorr (around 40.8 
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mV), which is less than 85 mV, did not show any detectable change, recommending that the 

investigated inhibitor functioned as mixed inhibitor that impacted the anodic & cathodic 

processes[8]. Based on the values of βa and βc (anodic and cathodic Tafel points), it appears 

that this system evolves by slowing down the corrosion process without changing the metal's 

dissolving mechanism[9]. 

3.2 EIS analysis  

The electrochemical method (EIS) was applied To further explore TzPz's capacity to reduce 

the rate of corrosion on MS, a useful non-destructive technique that is frequently utilized in 

the corrosion domain is electrochemical impedance spectroscopy (EIS) [10-12], it enables 

the corrosion inhibition potential to be assessed by examining the interactions in the vicinity 

the acid solution/metal interface[13]. The mechanism of the electrochemical process and the 

phenomena of corrosion are closely related. The major focus of corrosion research is on the 

features of corrosion that take place at the interface between electrolyte / metal surface [14]. 

So, the system studied M-steel/solution of TzPz was handled using the EIS technique, which 

permits the charting of the Nyquist and Bode diagrams, following stabilization by immersion 

in solutions for 30 minutes.  

A simple method to measure efficiency is to identify the polarization resistance, which is 

often estimated as the region encircled by the semicircle in Nyquist plots (Z(%)) according 

the following Eq(2) [15]. 

 


𝑍
(%) = (

𝑅𝑝,𝐼𝑛ℎ − 𝑅𝑝,𝑓𝑟𝑒𝑒

𝑅𝑝,𝐼𝑛ℎ

) × 100 
(2) 

 

The polarization resistance in inhibitor and reference solutions is denoted by RP.inh and RP.free 

, respectively. 

The Nyquist and Bode diagrams, generated from the EIS for CS submerged in a 1 M HCl 

solution without and with various doses of TzPz at 303 K are shown in Figs. 3 and 4. 
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Fig.3. Nyquist diagrams for M-steel /1M HCl/ TzPz systems. 
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Fig.4. Bode-phase diagrams for M-steel/1M HCl/ TzPz systems. 

The Nyquist diagrams in fig. 3 (which comprise of one depressed capacitive semi-circles) 

demonstrate that the corrosion process is unaffected by the TzPz presence [16]. Nonetheless, 

when the inhibitor concentration rises, the capacitive loop diameter increases. The Bode 

diagram in Figure 4 shows a single peak that corresponds to a single time constant, it exhibits 

the same behavior. The TzPz addition didn’t cause a change in the semi-circular shape, 

indicating that the corrosion process is under charge transfer control and is unchanged[17]. 

The equivalent circuit utilized for fitting the impedance data is seen in (Figs. 5). The solution 

resistance and polarization resistance are represented, respectively, by Rs and Rp (which 

equal the sum of Rct and Rf which represents the resistance of the film created on the metal) 

and CPE represents the constant phase element. The double-layer capacitance (Cdl) was 

replaced with the CPE impedance in order to improve the EIS results from the experiment. 

Equations 3 and 4 provide definitions for this substitution:  

 

 𝑍𝐶𝑃𝐸 = 𝐴−1(𝑖𝜔)−1   (3) 

 𝐶𝑑𝑙 = (𝑄 × 𝑅𝑝
1−𝑛)

1/𝑛
   (4) 

 

where n, A, i, and 𝜔 represent the deviation index, the CPE constant, the imaginary number, 

and the angular frequency, respectively.  
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Fig.5. Equivalent circuit to simulate impedance spectra of system M-steel / inhibitors. 

Table 3 EIS characteristics of M-steel corrosion in 1M HCl in absence & presence of TzPz. 

 

Media Conc. Rs 

(Ω 

cm2) 

Rp 

(Ω 

cm2) 

Cdl 

(µF 

cm-2) 

106×A 

(Ω-1sn-1 

cm-2) 

ndl χ2 Z 

% 

Blank 1M 0.8 21.57 116.2 293.9 0.853 0.002 - 

 

TzPz 

10-6 2.4 57.3 60.9 142.2 0.85 0.008 62.3 

10-5 2.2 110.4 56.9 128.4 0.84 0.007 80.5 

10-4 1.7 140.6 53.8 112.0 0.85 0.008 84.6 

10-3 3.0 220.3 39.7 77.2 0.86 0.009 90.2 

 

The fitted EIS parameters for CS in 1 M HCl, both with and without TzPz at various [C] at 

303K, are displayed in Table 2. Increased Rp results after the inhibitor addition when TzPz 

concentration rises from 10-6 to 10-3 M. This process is characterized by the creation of an 

inhibitor-adsorption film on the metal surface, which reduces the number of electroactive 

sites that are accessible for corrosion. This gives improved anti-corrosion effectiveness, with 

a maximum value of 90.2% at high inhibitor concentrations. Additionally, when the additive 

concentration rises, the Cdl values decrease which is accompanied by a decrease of CPE, the 

reason behind this may be attributed to the TzPz additive covering the surface of metal, which 

reduces the exposed area of the electrode face. The relaxation time () is also dependent on 

the values of (Cdl), which can be found using the following formula.         

 𝜏 = (𝐶𝑑𝑙 × 𝑅𝑝) (5) 

Depending on the concentration of TzPz the relaxation time constant 𝜏 becomes more 

significant, which supports a delayed adsorption process time. It's also important to note that 

the suggested circuit is confirmed by the extremely low xi-square values (Table 3) in the 

studied concentration range. This implies that, in addition to the adsorption phenomena, there 

may be a blockage of the active sites that cause the dissolution of CS in the presence of TzPz. 
Both when the inhibitory molecule is present and absent, the values of n are strictly smaller 

than one, indicating an adsorption of TzPz at metallic surface as well as a surface irregularity. 
Additionally, this molecule may activate the bond formation with the vacant d-orbitals of Fe 

at the surface [18]. Furthermore, as stated in the literature, this phenomena is proof of the 

formation of the bond O-Fe, with distinctive donor-acceptor interactions between Fe 

unoccupied d-orbitals / electron pairs (sp2) of the N-atoms in the triazole and pyrazole 

ring[19]. 

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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3.3 Isotherm model 

Testing the TzPz adsorption model throughout the corrosion process is required to understand 

the inhibition mechanism of TzPz onto the mild steel surface in the inhibited medium. In 

order to model the link between inhibitor concentration/surface coverage, a variety of 

adsorption isotherm formulas, including Langmuir, Freundlich, and Temkin, have been 

investigated in this work utilizing the electrochemical spectroscopy impedance data. 
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Fig.6. Langmuir isotherm for M-Steel in 1.0 M HCl medium at various concentrations of 

the inhibitor tested. 

Table 4 Thermodynamic parameters for adsorption of TzPz on CS at 303 K. 

  
Kads (L /mol) ΔGads (KJ/mol) Slope R² 

TzPz 332755.4 -42.1 1.10608 0.999 

 

The results indicate that the plot above presents a straight line, as seen in Fig. 6 and Table 4. 

because it achieves a slope that is almost equal to 1 (1.10) and the best regression coefficient 

(0.999). As a result, the inhibitor adsorption of the inhibitor on CS surface obeys to the 

Langmuir adsorption isotherm. The relatively high Kads values indicate that our inhibitory 

molecule has a significant adsorption on the metal surface [20]. 

 𝐶

θ
=  

1

𝐾𝑎𝑑𝑠
+ 𝐶 

(6) 

where C is the inhibitor concentration and Kads for the equilibrium constant. 

 

9

BIO Web of Conferences 109, 01021 (2024)
WA2EN2023

https://doi.org/10.1051/bioconf/202410901021



 
 

The standard free energy of TzPz may be computed at different temperatures using the 

equation (7): 

 Δ𝐺𝑎𝑑𝑠
° = − 𝑅𝑇 𝐿𝑛(55.5𝐾𝑎𝑑𝑠) (7) 

where T (K) is the temperature, 55.5 is the water molar concentration (mol/L), and R (J 

mol−1K−1) is the universal gas constant. 

 

According to existing literature [21, 22]a physical adsorption process is characterized by free 

energy values of about or less than −20 kJ mol−1, whereas values of approximately or more 

than −40 kJ mol−1 indicate that the adsorption is primarily categorized as a chemisorption, 

and an intermediate value corresponding to a physico-chemical adsorption. The Δ𝐺𝑎𝑑𝑠
°  in our 

case is 42.1 kJ mol−1, indicating that chemisorption interactions are implicated in the TzPz 

adsorption. 

3.4 Temperature effect study  

A number of industrial domains identify temperature as one of the elements that affects metal 

corrosion in acidic media by influencing the metal/inhibitor interaction[23, 24]. A good 

inhibitor should generally be stable, especially in acidic pickling solutions. To demonstrate 

this, the PDP technique was used to study the temperature effect on the corrosion inhibition 

of CS in 1.0 M HCl in the uninhibited and inhibited solutions of 10−3 M at temperatures 

ranging from 303 to 333 K. Table 5 lists the different electrochemical parameters, and Fig. 7 

displays the polarization curves at the maximum tested concentration (10−3 M). 
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Fig.7. PDP curves for CS in 1M HCl containing different temperatures without and with 

the addition of 10-3M TzPz. 

Table 5 Electrochemical parameters and corrosion inhibiting effectiveness of CS in 1.0 M 

HCl without and with the addition of 10-3M TzPz at different temperatures. 

 

Medium 

 

Temperature 

K 

-Ecorr 

mV/SCE 

icorr 

µA cm-2 

Tafel slopes (mV dec-1) ηPP 

% -c a 

Blank 333 433.3 3944.9 134.6 103.9 - 

323 436.3 2254.0 117.8 91.4 - 

313 423.5 1477.4 131.3 91.3 - 

303 456.3 1104.1 112.8 155.4 - 

 

TzPz. 

 

333 452.6 884.8 156.7 61.5 77.6 

323 463.3 486.1 121.6 67.8 78.4 

313 467.2 220.7 101.5 76.6 85.1 

303 421.7 89.4 133.1 63.1 91.9 
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The temperature study reveals that the current density (icorr) values in the presence of the 

investigated inhibitor are lower than those in (HCl), indicating that this ligand TzPz has 

significantly reduced the corrosion reaction of CS.  

Table 5 shows that increasing the temperature from 303 to 333 K causes an increase in icorr 

values from 89.4 to 884.8 μA cm−2. Furthermore, the inhibitory efficiency diminishes 

marginally in the presence of the inhibitor TzPz, from 91.9% to 77.6%, indicating that this 

inhibitor is still effective against steel corrosion in aggressive solution (HCl). As a result, the 

studied compound still exhibits good inhibitory performance in protecting CS against 

corrosion by producing a solid adsorption film on metallic surface[25, 26] . 

 
The graphs in Figs. 8 & 9 respectively, depict the Arrhenius plots of Ln(icorr) vs. 1000/T and 

Ln(icorr/T) vs. 1000/T of M-steel in 1.0 M HCl solution containing TzPz. Using the Arrhenius 

equation (8) and the transition state equation (9), the corrosion kinetic parameters, including 

activation energy (Ea) (which was obtained from linear square fits of ln icorr vs. 1000/T), 
activation enthalpy (ΔHa) and activation entropy (ΔSa) (which were acquired from linear 

square fits of ln icorr/T vs. 1000/T) , were computed for the corrosion of CS in an acidic 

solution both without and with the TzPz inhibitor at the highest tested concentration (10−3 M) 

at temperatures between 303 & 333 K. 

 
𝑖𝑐𝑜𝑟𝑟 = 𝐴𝑒(

−𝐸𝑎
𝑅𝑇

)
 

(8) 

  

𝑖𝑐𝑜𝑟𝑟 =
𝑅𝑇

𝑁ℎ
𝑒(

ΔS∗

𝑅
) 𝑒(

ΔH∗

𝑅𝑇
)
 

 

(9) 

The variables N, T, R, and ℏ represent Avogadro's number, absolute temperature, gas 

constant, and Plank's constant, respectively. 
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Fig.8. Arrhenius lines of CS in molar HCl medium in the absence & presence of TzPz. 
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Fig.9. Arrhenius lines of Ln (icorr/T) =f(1/T) for CS in aggressive HCl molar concentration 

in the absence and presence of TzPz. 

Table 6 Activation parameters for the dissolution of CS in molar HCl without and with the 

TzPz presence. 

 

Media Ea 

(kJ/mol) 

ΔHa 

(kJ/mol) 

ΔSa 

(J/mol.K) 

Blank 35.4 32.8 -79.2 

TzPz 58.8 56.1 -20.9 

 

Table 6 presents the activation parameters for MS in HCl with and without the exanimated 

triazole-pyrazole derivative. Based on the activation parameters values, it is evident that the 

solution containing TzPz has a larger Ea value (58.8KJ/mol) than the uninhibited solution 

(35.4 KJ/mol). This difference may be clarifying by the creation of a compact barrier film on 

the CS surface [27]. Inhibited solution has a larger energy barrier for corrosion, which implies 

that metal dissolution is reduced. 

 

The positive activation enthalpy values demonstrate the endothermic character of CS 

dissolution process [28]. The increase in activation entropy value upon passage from the 

blank to the inhibitory solution indicates the passage of the barrier crossing towards TzPz 

adsorption on the MS surface[19]. The negative sign of activation entropy values indicates a 
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decrease in the disorder during the transformation of the reagents into an activated complex 

[29]. 

3.5 UV-Vis measurements  

The objective of UV-Visible analysis of the 1M HCl solution with and without TzPz at the 

optimal concentration is to determine the inhibitor's complexing capability with ferrous ions. 

The UV–visible spectra in HCl before and after the addition of the inhibitor were carried out 

to confirm the possibility of the creation of a TzPz–Fe complex (Fig. 10). Two bonds are 

present at 211.11 nm as well as three peaks are present at 240.71-241.12 and 338.99 nm in 

the UV-visible spectra obtained both before and after immersion[30]. The absorption band 

peaks correspond to the ᴨ-ᴨ* transitions of the C=C bonds of the pyrazole ring [31]and the 

n-ᴨ* transition of the N=N groups of the triazole.  

Addition of inhibitor caused a minor change in the maximum wavelength position (λmax) of 

the intense peak from 240.71nm to 241.12nm. These results show that the compound TzPz 

can bind to Fe2+ ions, hence the addition of our inhibitory molecule will most likely result in 

a complexation during the test, and can help reduce the amount of dissolved ferrous ions 

(Fe2+) through the complexation process [32, 33]. 
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Fig.10. TzPz UV-vis spectra / HCl solution before and after soaking of CS. 

15

BIO Web of Conferences 109, 01021 (2024)
WA2EN2023

https://doi.org/10.1051/bioconf/202410901021



 
 

3.6 Theoretical approach, DFT analysis 

Theoretical simulations are essential for collecting a wide range of data on the inhibitory 

phenomena. The inhibition efficacy of inhibitor molecules is connected to the reactivity 

descriptors, which enable to comprehend the theoretical approach of this molecule and to 

better understand the interfacial processes of corrosion[16, 34, 35].  
The neutral and protonated forms of molecular structure tested TzPz, have been optimized 

using the density functional theory method (DFT) and both forms are demonstrated in Figs.12 

and 13. The main quantum chemical parameters such as HOMO (high occupied molecular 

orbital), LUMO (lowest unoccupied molecular orbital), ΔE (energy gap), σ (softness), (η) 

hardness, χ (electronegativity), and ΔN (fraction of electrons transferred) have been 

determined basing on Gaussian software (09W) and were collected in Table 6. These 

parameters play a significant role in the in prediction of the interaction between metallic 

surface and inhibitor molecule.  

  

In HCl media, the tested TzPz molecule can protonate. To determine which atom(s) are more 

likely to bind the H+ proton, all of the distributions of protonated forms as a function of pH 

(0 to 14) were shown using Marvin Sketch software [25]. The Fig.11 depicts the favorable 

location for protonation that was discovered to be accessible in the TzPz structure at site N8 

with a percentage of 91.47 percent. 
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Fig.11. Microspecies distribution of protonated form of TzPz (% protonation vs. pH 

distribution). 
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Inhibitor                                                        HOMO                                                 LUMO 

   

Fig.12. neutral molecule TzPz's optimized molecular structure and FMO (HOMO & 

LUMO). 

 

Inhibitor                                                        HOMO                                                 LUMO 

  

Fig.13. protoned molecule TzPz's optimized molecular structure and FMO (HOMO & 

LUMO). 

Fig.14.  

Table 7 Compututional parameters of TzPz neutral and protonated forms. 

 

Descriptors 

Neutral form  Protonated form 

EHOMO -5.931 -10.302 

ELUMO -0.184 -5.342 

ΔEgap 5.746 4.959 

η (ev) 2.873 2.479 

χ (ev) 3.058 7.822 

ΔN110 0.609 -1.214 

 (D) 2.3159 4.3775 

ET -699.75 -700.145 

 

According to FMO theory, the most quantum parameters are the highest energy of the 

occupied molecular orbital (EHOMO) and the lowest unoccupied molecular orbital energy 

(ELUMO). They determine the capability of the donor-acceptor interactions respectively, 

between the metal surface and the corrosion inhibitor. Thus, a high HOMO value suggests 

that the inhibiting molecules have a preference for offering electrons to Fe orbitals that are 

vacant on the metallic surface, whereas a low ELUMO value suggests that the inhibiting 
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molecules have the ability to accept electrons from the Fe surface through retro-donation[36]. 

Therefore, an inhibitor molecule that exhibits low ELUMO and high EHOMO values is more 

effective in preventing corrosion. 

The two orbitals for the neutral form of the molecule TzPz, HOMO and LUMO, are more 

concentrated on the rings of triazole and pyrazole, as shown in fig.12. This suggests that 

nitrogen atoms are the preferable locations for electrophilic assaults on the surface CS. 

Furthermore, Figure 13. illustrates that the LUMO orbital is centered on the identical skeleton 

in the protonated form (the triazole and pyrazole rings). Conversely, the HOMO electron 

density is distributed on the remaining part (ethan-1-ol) of the TzPz. 

Table 7 demonstrates that the neutral form's high EHOMO value suggests that it donates more 

electrons than the protonated form does. Further evidence that the protonated molecule 

cannot release electrons comes from the negative ΔN value in the protonated state. A low 

value of ΔEgap and a large dipole moment (μ) represent the global molecular reactivity. This 

is obviously seen in our case; therefore, the protonated form is more reactive than the neutral 

form. 

4 Conclusion  

In conclusion, our study presents the evaluation of a new compound, ethyl 2-(3-(3,5-

dimethyl-1H-pyrazol-1-yl)-1H-1,2,4-triazol-1-yl) ethan-1-ol (TzPz), as a corrosion inhibitor 

for CS in 1 M HCl. Through various spectroscopic methods, we confirmed the compound's 

structure and demonstrated its impressive inhibitory efficiency of 91.9% at 10-3 M 

concentration. Our investigation identified the OH substituent and Triazole-Pyrazole rings as 

pivotal contributors to this heightened corrosion inhibition effect. 

 

Moreover, EIS results revealed that the corrosion process is primarily controlled by charge 

transfer with a single time constant. in the presence of TzPz, the resistance values Rp rise 

while the capacity Cdl decrease due to adsorption of the studied molecule on the metal 

surface. PDP curves demonstrated the inhibitory molecule is of mixed type. While 

thermodynamic analysis elucidated the inhibitor's operation through both chemisorption and 

physisorption mechanisms. Additionally, UV/Vis spectrophotometry confirmed the 

formation of a ligand–metal complex. The congruence between our theoretical simulations 

and experimental results further bolsters the validity of our conclusions. 
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