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1. Introduction  
The acid solutions are widely used in many industrial applications such as pickling, cleaning, elimination of 
located deposits and numerous processes of industrial synthesis. Due to their aggressiveness, the use of the 
corrosion inhibitors became essential to limit this attack of the metallic materials [1]. This use must be estimated 
according to the particular parameters of the system, the type of the acid, its concentration, temperature solution, 
presence of dissolved organic or inorganic substances and especially on the type of metallic materials. 
In general, for each material there exists a family of inhibitors favorable to a satisfactory protection against 
corrosion. Organic compounds containing unsaturated bonds and/or heteroatom’s such as O, N and S, are often 
acted as the best corrosion inhibitors in acid medium [2-8].  
The families quinoline  have been widely used as a corrosion inhibitor, by way of example  Ganesha Achary and 
al., have studied the corrosion inhibition of ordinary steel in 1 M HCl by 3-formyl-8-hydroxyquinoline and they 
founded that its inhibition efficiency reaches 92 % [9]. In addition, El Faydy and al. have tested the corrosion 
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Abstract 

The new derivative of 1, 2,3-triazole in basic 8-hydroxyquinoline namely ethyl 4-amino-
1-((8-hydroxyquinolin-5-yl)methyl)-1H-1,2,3-triazole-5-carboxylate (EHTC)  was 
synthesized and characterized by NMR spectroscopic. This compound was tested as 
corrosion inhibitor for carbon steel in a 1.0 M HCl solution using Gravimetric, 
potentiodynamic polarization curves and electrochemical impedance spectroscopy. 
Potentiodynamic polarization curves measurements showed that the investigated 
compound acts as mixte-type inhibitor. Its inhibition efficiency improved with 
concentration and reached a maximum 91 % at 10-3 M. In addition, the temperature effect 
on the in the inhibition efficiency of EHTC was also studied in the temperature range of 
298–328 K. It is found that the inhibition efficiency decreases with temperature. Indeed, 
the adsorption of the studied inhibitor on the mild steel was well described by the 
Langmuir isotherm and the calculated ΔG*

ads value showed that corrosion inhibition was 
controlled by a chemisorptions process. Quantum chemical calculations were used to 
correlate the inhibition ability of EHTC with its electronic structural parameters. 
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inhibition effect of 5-chloromethyl-8-hydroxyquinoline on mild steel corrosion in the same media and they 
found that the inhibition efficiency reaches 91 % [10]. On the other hand Lgaz and al. were found that the 
corrosion inhibition of 5,5'-((2-hydroxypropane-1,3-diyl)bis(oxy))bis(methylene))bis-(8-quinolinol) for mild 
steel in 1 M HCl reaches 92 % [11]. In our recent work, 5-((4-phenyl-4,5-dihydro-1H-tetrazol-1-
yl)methyl)quinolin-8-ol reached more than 91% in HCl solution [12]. 
In this work, we have studied the effect of novel triazole derivative based on 8-hydroxyquinoline, namely ethyl 
5-amino-1-((8 hydroxyquinolin-5-yl) methyl)-1H-1,2,3-triazole-4-carboxylate ( EHTC) for carbon steel in 1.0 
M HCl using electrochemical measurements. And then, Quantum chemical calculations have been performed 
using DFT, and several quantum chemical indices are calculated and correlated with the inhibitive effect of 
inhibitor. 
 
2. Experimental details 
2.1. Materials 
The steel used in this study is a carbon steel (XC38) which its chemical composition is given in Table 1. 
 

Table1: Chemical Composition of Carbon-Steel. 

Elements Fe C Si Mn Cu S Cr Co Ti Ni 
Wt. % Rest 0.37 0.23 0.68 0.16 0.016 0.077 0.09 0.011 0.059 

 

2.2. Solutions 
The corrosive solution is a 1.0 M HCl, obtained by dilution with distilled water of a commercial acid 
concentrated in 37 %. The concentration range of the tested inhibitor was from 10-6 M to 10-3 M  

2.3. Synthesis 
a- synthesis of 5-azidomethyl-8-hydroxyquinoleine 
The synthesis of 5-azidomethyl-8-hydroxyquinoleine was prepared according to method brought back in the 
literature [13]. 

 

Scheme 1: Preparation of 5-azidomethyl-8-hydroxyquinoline 

 b- Synthesis of ethyl 5-amino-1-((8-hydroxyquinolin-5-yl) methyl)-1H-1,2,3-triazole-4-carboxylate 
To a stirred solution of 5-azidomethyl-8-hydroxyquinoline (1.4×10-3 mol) and ethyl 2 cyanoacetate (1.8×10-3 

mol). The resulting mixture was heated at 80 °C for 24 h. The reaction was monitored by thin layer 
chromatography (TLC). After completion and cooling to room temperature, water (50 mL) was subsequently 
added and the product extracted with methylene chloride (DCM) (3×80 mL). The combined organic phases 
were combined, dried over anhydrous sodium sulfate, filtered and the solvent was removed by rotary 
evaporation. The crude product was purified by column chromatography with hexane/acetone (7:3) to furnish 
the desired product. 

 

Scheme 2: Preparation of ethyl 5-amino-1-((8-hydroxyquinolin-5-yl) methyl)-1H-1,2,3-triazole-4-carboxylate 
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The compound was characterized  by 1H NMR  and  13C NMR. 1H NMR (300 MHz, DMSO-d6), δppm = 0.774 
(t, 3 H, CH3), 1.121 (q, 2 H, CH 2), 7.035-8.850 (m, 5 H,quinoline), 3.927 (s, 2 H, quinoline -CH2-triazole), 
9.842 (s, 2 H, NH 2), 3.40 (s, H of trace H2O present in DMSO-d6). 
 13C NMR (300 MHz, DMSO-d6), δppm = 13.852 (CH3-CH2-C=O), 62.839 (CH3-CH2-C=O), 53.868 
(quinoline-CH2-),111.024-153.527(CH. C quinoline and triazole) ,168.689(CH3-CH2-C=O). 
1H NMR spectra (300 MHz, DMSO-d6) 13 C NMR spectra (300 MHz, DMSO-d6) 
 

 
Figure 1: 1H NMR spectrum of ethyl 4-amino-1-((8-hydroxyquinolin-5-yl)methyl)-1H-1,2,3-triazole-5-carboxylate 

 

 
Figure 2: 13C NMR spectrum of ethyl 4-amino-1-((8-hydroxyquinolin-5-yl)methyl)-1H-1,2,3-triazole-5-carboxylate 

2.4. Corrosion tests 
24.1 Gravimetric Study 
Gravimetric experiments were performed according to the standard methods [14], the carbon steel specimens 
were abraded with a series of emery papers SiC (120, 600, and 1200 grades) and then washed with distilled 
water and acetone. After weighing accurately, the specimens were immersed in a 60 mL of 1.0 M HCl solution 
with and without addition of different concentrations of inhibitor EHTC. 
All the aggressive acid solutions were open to air. After 6 hours of immersion, the specimens were taken out, 
washed, dried, and reweighed accurately. In order to get good reproducibility, all measurements were performed 
few times and average values were reported. Thus, the inhibition efficiency (ηw) was calculated as follows: 

1000

0

×
−

=
corr

corrcorr
w ω

ωω
η

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
(1) 

Where ω0
corr and ωcorr are the corrosion rate values without and with inhibitor, respectively.!

2.4.2. 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), the platinum electrode was used as auxiliary electrode of surface area of 1 cm2 and the working 
electrode was carbon steel. All potentials given in this study were referred to this reference electrode. The 
working electrode was immersed in test solution for 30 min to a establish 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 298 K. The EIS experiments were conducted in the frequency range 
with high limit of 100 kHz and different low limit 0.01 Hz at open circuit potential, with 10 points per decade, at 
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the rest potential, after 30 min of acid immersion, by applying 10 mV ac voltage peak-to-peak. Nyquist plots 
were made from these experiments.  
After AC impedance test, the potentiodynamic polarization measurements of carbon steel substrate in inhibited 
and uninhibited solution were scanned from cathodic to the anodic direction between -600mV to -200 mV, with 
a scan rate of 1 mV s-1. The potentiodynamic data were analysed 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 curve fitting using the equation: 

( ) ( ){ }a c corr a corr c correxp expi i i i b E E b E E= + = × − − × −# $ # $% & % &  (2) 

where icorr is the corrosion current density (A cm-2), ba and bc are the Tafel constants of anodic and cathodic 
reactions (V-1), respectively. These constants are linked to the Tafel slopes β (V/dec) in usual logarithmic scale 
given by equation (3):  

bb
303.210ln

==β                                                                                                                         (3)  

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

0
corr corr

PP 0
corr

100
i i
i

η
−

= ×        (4) 

where i0
corr and icorr are the corrosion current densities for steel electrode in the uninhibited and inhibited 

solutions, respectively. 

2.4.3. Computational procedures 
The quantum chemical calculations were carried out to elucidate the correlation between the inhibitor molecular 
structure and its efficiency. Quantum chemical calculations were performed using density functional theory 
(DFT) with the Beck’s three parameter exchange functional along with the Lee-Yang-Parr non local correlation 
functional (B3LYP) with 6-31G (d, p) basis set implemented in Gaussian 09 program package [15,16]. This 
approach is widely utilized in the analysis of the characteristics of corrosion process. 
The following quantum descriptors were calculated from the obtained optimized structure: energy of 
highest occupied molecular orbital (EHOMO), energy of lower unoccupied molecular orbital (ELUMO), 
electronegativity (χ), the global hardness (η), global softness (σ), electron affinity (A), ionization potential (Pi), 
the total molecular dipole moment (µ) and!the total energy (TE) have been calculated [17-22].        

2 2
LUMO HOMOE EE

η
−Δ

= =                                                                                   (5)                                                               

1 2

HOMO LUMOE E
σ

η
= = −

−
                                                                                    (6)                                                                             

HOMOPi E= −                                                                                                  (7) 
A= -ELUMO                                                                                                               (8) 

Piχ = −                                                                                                                  (9)                                                               
The number of transferring electrons (∆N) was calculated according to the method of the quantum chemical: 

( )2
Fe inh

Fe inh

N χ χ
η η
−

Δ =
+

                                                                                       (10) 

where χFe and χinh represent the absolute electronegativity of iron and the inhibitor molecule, ηFe and ηinh denote 
respectively the absolute hardness of iron and the inhibitor molecule. Theoretically χFe = 7.0 eV and ηFe = 0 for 
the calculation of the number of transferring electrons.  
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 [23]. 

( 1) ( )k k kf P N P N+ = + −           (For nucleophilic attack)                                        (11) 

( ) ( 1)k k kf P N P N− = − −             (For electrophilic attack)                                       (12) 
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 
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3. Electrochemical measurement 
3.1. Potentiodynamic polarization curves 
Figure 3 represents the potentiodynamic polarization curves for carbon steel in 1.0 M HCl at room temperature, 
in the absence and presence of different concentration of EHTC. Their corresponding electrochemical 
parameters such as corrosion potential (Ecorr), cathodic Tafel slopes (βc) and corrosion current density (icorr) are 
presented in Table 2. It is noted that the addition of EHTC pulls an important decrease of current densities for 
all concentrations with a slight shift in the corrosion potential (Ecorr). In addition, it is noted that both anodic and 
cathodic currents decrease with EHTC concentration indicating that the EHTC reduces anodic dissolution and 
also retards the hydrogen evolution reaction. 
As well, Table 2 indicated that the addition of EHTC leads to increase the inhibition efficiency with 
concentration to reach 92 % at 10−3 M. this can be explained by the inhibitor molecules adsorption on the 
metallic surface. 

!0.60 !0.55 !0.50 !0.45 !0.40 !0.35 !0.30 !0.25 !0.20
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Figure 3: Potentiodynamic polarization curves for carbon steel in 1.0 M HCl containing different concentrations of EHTC. 

 
Table 2: Electrochemical parameters and inhibition efficiencies values of carbon steel in 1.0 M HCl containing different 
concentrations of ETHC at 298 K. 
 

 Cinh 
(M) 

-Ecorr  
(mV/SCE) 

-βc  
(mV dec-1) 

icorr  
(µA cm-2) 

η PP 
(%) 

Blank solution 00 454.4 101.1 590.8 -- 
 
EHTC 

10-3 443.6 88.1 45.9 92 
10-4 453.3 84.5 54.5 91 
10-5 457.5 103.3 137.4 77 
10-6 459.1 77.2 224 62 

 
3.2 Electrochemical impedance spectroscopic studies 
The behavior of corrosion inhibition of the carbon steel in 1.0 M HCl solution without and with different 
concentrations of EHTC after immersion for 30 minutes at 298 K at EOCP was studied by electrochemical 
impedance spectroscopy (EIS). The obtained results are presented in Figure 4. It is noted that the diagrams are 
in the form of semicircles which their sizes increase with inhibitor concentration, indicating a process of charge 
transfer is marked well and that the protection is improved in the presence of EHTC. Thus, the inhibition 
efficiencies, ηEIS, were calculated from the Rct values at different concentrations using the following equation 
[24]: 

                                                                                
(13) 

where R0
ct and Rct are the charge transfer resistance values in the absence and presence of inhibitor, respectively.  

All electrochemical parameters  which extracted using the electrical equivalent circuits (Figure 5) are presented 
in Table 3. It is noted that the transfer resistance, Rct, increases with inhibitor concentrations to reach a 

100
0

×
−

=
ct

ctct
EIS R

RR
η
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maximum at 10-3 M of EHTC.  This evolution is most probably due to the travel of water molecules by the Cl- 

ions of the acid and the adsorption of the organic molecules on the metallic surface. 
However, the double layer capacitance decreases with EHTC concentrations. This decrease can be interpreted 
by a decrease in the active surface of the metal which is due to the adsorption of EHTC molecules on carbon 
steel surface and leads to an increase in the inhibition efficiency. The expression of the double layer capacity 
presented in the Helmotz model by [25]: 

S
d

Cdl ×
×

=
εε 0

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
(14)!

where d is the thickness of the double layer, S is the surface area of the electrode, ɛ0 is the permittivity of 
vacuum  (8.85 × 10−14 F/cm) and ɛ is the local dielectric constant. This data suggests that the inhibitor acts by 
adsorption at the metal solution/interface [26]. In the other hand, it is remarked that the inhibition efficiency 
increases with inhibitor concentration to attain  a maximum value of 90 % at 10-3 M of EHTC. 
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Figure 4: Nyquist plots for carbon steel   in 1.0 M HCl in the absence and presence of various concentrations of EHTC at 

EOCP. 

 
Figure 5: Electrical equivalent circuit used for modeling the metal/solution interface. 

Table 3: Electrochemical data of EIS for carbon steel in 1.0 M HCl in the absence and presence of different concentrations 
of EHTC. 

 Cinh 
(M) 

Rct  
(Ω cm²) 

Cdl  
(µF/cm²) 

ηEIS 
(%) 

Blank solution 00 34.85  114.1  - 
  
EHTC 

10-3 343.6  46.31  90 
10-4 278.0  57.23  87 
10-5 110.8  90.72  68 
10-6 69.60  106.0  50 

 
3.3. Weight loss measurements 
The weight loss of carbon steel corrosion in 1.0 M HCl in the absence and the presence of different 
concentrations of EHTC were determined after 6 h of immersion at 298 K. The obtained results are presented in 
Table 4. It is obvious from the Table 4 that the EHTC inhibits the carbon steel corrosion in 1.0 M HCl solution 
at all concentrations and the corrosion rate (Wcorr) was decreased with increasing concentration to reach a 
maximum of 86 %  at 10-3 M. So, the inhibition efficiency of EHTC can be explained in terms of adsorption on 
the metal surface. However, the corrosion inhibition of metals using organic compounds was explained by their 
adsorption on the metallic surface. The latter is under three much known forms. The phenomenon of adsorption 
can be implemented by the study of the isotherms of adsorption. 
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Table 4: Weight loss data of carbon steel in 1.0 M HCl without and with different concentrations of EHTC at 298 K after 6 
h of immersion. 

 Cinh 
(M) 

Wcorr 
(mg cm-2 h-1) 

ηw 
(%) 

HCl 00 0.4292 -- 
 
EHTC 

10-3 0.0583 86 
10-4 0.0625 85 
10-5 0.1183 72 
10-6 0.1893 55 

 

In order to study the variation of the quantity adsorbed according to the inhibitor concentration, it is supposed 
that the EHTC adsorption follows the Langmuir isotherm which the coverage ratio of the metal surface is given 
by: 

1
ads inh

ads inh

K C
K C

θ =
+

                                                                                                (15) 

By rearranging this equation: 

1inh
inh

ads

C C
Kθ

= +                                                                        (16)
                  

 

where Kads is the adsorption equilibrium constant,Cinh is the inhibitor concentration, and θ is the surface 
coverage. Figure 6 shows the plots of Cinh/θ versus Cinh. It is found that the slope and the coefficient correlation 
are reported almost unity suggesting that the Langmuir adsorption isotherm model provides the best description 
of the adsorption behavior. 
In addition, the Kads values can be calculated from the intercept lines on the Cinh/θ. This is related to the free 
energy of adsorption (ΔG* ads) with the following equation [27,28]: 

)exp(
55.55
1 *

RT
G

K ads
ads

Δ−
=

                                                                                (17)
 

where 55.55 value represents the water concentration in solution (mol L-1), R is the universal gas constant and T 
is the absolute temperature. 
The free energy of adsorption, ΔG*

ads can be calculated. It is well known that ΔG*
ads values on the order of -20 

kJ mol-1 or less indicate a physisorption, while those more negative than  - 40 kJ mol-1 involve charge sharing or 
transfer from the inhibitor molecules to the metal surface to form a coordinate chemical bond (chemisorptions), 
while values between -20 kJ mol-1 and - 40 kJ mol-1 indicate both physisorption and chemisorption [29].  In our 
case, ΔG*

ads value is -43.80 kJ mol-1. This value indicated that adsorption of EHTC occurs via both 
chemisorption [30]. 
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Figure 6: Langmuir adsorption isotherm plot for carbon steel in 1.0 M HCl at different concentrations of EHTC. 
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3.4. Effect of temperature 
The temperature is one of the factors which can modify the behavior of materials in corrosive medium given as 
well as the inhibitive efficiency of compound. So, when the temperature increases a change on the inhibitors 
actions appear. Given the importance of this factor, we carried out tests for the plotting of the potentiodynamic 
polarization curves of carbon steel 1.0 M HCl without and with 10-3 M of EHTC at different temperature range 
from 298 K to 328 K and the obtained results are shown in Figures 7 and 8. Their electrochemical parameters 
values are summarized in Table 5.!It is noted that the corrosion rate increases with temperature for both cases in 
the absence and presence of EHTC. It is noted also that the inhibition efficiency decreases with temperature, and 
by way of example, it is decreases until 85 % in 328 K at 10-3 M. 
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Figure 7: Potentiodynamic polarization curves for carbon 
steel in 1.0 M HCl at different temperatures. 
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Figure 8: Potentiodynamic polarization curves for carbon steel 
in 1.0 M HCl in the presence of 10-3 M of EHTC  at different 

temperatures 
  

Table 5: Electrochemical parameters of carbon steel in 1.0 M HCl in the absence and presence of 10-3 M of EHTC at 
different temperatures. 
 
 T 

(K) 
-Ecorr  
(mV/SCE) 

icorr  
(µA cm-2) 

–βc  
(mV dec-1) 

ηPP  
(%) 

 
Blank 

solution 

298 454.4 590.8 101.1 - 
308 451.1 666.8 104.9 - 
318 454.8 982.4 111.1 - 
328 464.3 2368.5 101 - 

 
10-3 M of 

EHTC 
 

298 443.6 45.9 88.1 92 
308 472.6 95.06 119.1 86 
318 455.5 147.3 114.7 85 
328 493.4 337.2 130.2 85 

 
In addition, in the absence of inhibitor,  it is found that the cathodic Tafel slopes stay almost constant indicating 
no change in the hydrogen reduction; while in the presence of EHTC a change in this mechanism with 
increasing of temperature. 
The Arrhenius dependence observed between the corrosion current and the temperature can be determined 
according to the relation: 

)exp(
RT
E

Ai a
corr −= !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

  
(18) 

where icorr is the corrosion current density, A is the Arrhenius preexponential factor, Ea is the apparent activation 
energy, R is the universal gas constant and T is the absolute temperature. 
However, kinetic parameters such as enthalpy and entropy of corrosion process may be evaluated from the 
temperature effect. An alternative formulation of Arrhenius equation is [31,32]: 
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(19) 

where h is plank’s constant, N is Avogadro’s number, ΔSa and ΔHa are the entropy and enthalpy of activation, 
respectively. The apparent activation energy was determined from the slopes of Ln icorr vs 1/T graph depicted in 
Figure 9. The straight lines are obtained with a slope (-ΔHa /R) and intercept (Ln R/Nh + ΔSa /R) from which 
these parameters can be calculated (Figure 10). 
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Figure 9: Arrhenius plots for carbon steel in 1.0 M HCl in the absence and presence of 10-3 M of EHTC at different 

temperatures. 
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Figure 10: Transition-state plots for carbon steel in 1.0 M HCl in the absence and presence of 10-3 M of EHTC at different 

temperatures. 
It is noted that the activation energy Ea value increases from 36.5 kJ mol-1 to 52.01 kJ mol-1 with inhibitor 
addition. This behavior is related to the phenomenon of physisorption of inhibitor molecules on metallic surface 
[33,34]. It is remarked also that the ΔHa value increases from 33.98 kJ mol-1 to 49.50 kJ mol-1. The positive sign 
of these enthalpies reflects the endothermic nature of the dissolution carbon steel process which its dissolution 
becomes difficult. We note that the ΔSa value increases negatively from -79 J mol-1 K-1  to – 47 J mol-1 K-1 . This 
result interpreted as an increase in disorder [35]. 
 
3.5. Quantum chemical calculations 
The Frontier Orbital’s Molecular (HOMO and LUMO) are very important for describing chemical reactivity. 
The HOMO containing electrons, represents the ability (EHOMO) to donate an electron, whereas, LUMO haven't 
electrons, as an electron acceptor represents the ability (ELUMO) to obtain an electron. The energy gap between 
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these orbitals determines by optimization. The quantum chemical parameters were calculated  according [36,37] 
and presented in Table 6 and the optimized molecule structure (EHTC) is depicted in Figure11. 

!

Optimized molecular structure (EHTC)                  HOMO                                                  LUMO 

Figure 11: Optimized molecular structures, HOMO and LUMO of EHTC. 

The Mulliken charge distribution with dipole moment vector (µ), the contour and the surface representation of 
the electrostatic potential are presented in Figure12. 

 

Mullikan charge distribution        Contour of molecular                      electrostatic  
 with dipole moment vector           electrostatic potential                           mapped 

Figure 12: Mulliken charges with dipole moment and electrostatic properties of EHTC. 

However, the electrostatic potential values were presented using different colors such as blue, yellow, green and 
red. The red colors represent the negative parts around the oxygen and nitrogen atoms of EHTC (electrophilic 
active regions), the blue colors represent the positive parts around the C-H group (the nucleophilic regions) and 
the green color represents the zero electrostatic potential regions [38]. Thus, it is noted that the nitrogen, oxygen 
atoms and some carbon atoms of the studied inhibitor hold negative charges, and then these atoms can be 
responsible for a nucleophilic attack towards the carbon steel surface. This remark will be confronted here after 
with the indices of fukui.!!

Table 6: Molecular properties of EHTC obtained from the optimized structure using DFT at the B3LYP/6-31G 
 

Parameters E LUMO 
(eV) 

E HOMO 
(eV) 

ΔE  
(eV) 

µ 
(debyes) 

η 
(eV) 

σ  
(e V-1) 

Pi 
 (eV) 

χ  
(eV) 

A (eV) ΔN (eV) TE (u a) 

EHTC -2.640 -5.687 3.047 4.726 1.523 0.656 5.687 4.163 2.640 0.931 -1079.37 
 
It is observed from this Table, that the EHTC has a relatively higher energy of HOMO, this means a better 
inhibitory activity with increasing adsorption of the inhibitor on metallic surface and lower energy of LUMO, 
which can be in favor of bonding with metal surface. In addition, as a result of high values of HOMO, EHTC 
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has a tendency to donate electrons to those acceptor molecules with empty molecular orbital. The ground-state 
electronic configuration of Fe atom is 1s2 2s2 2p6 3s2 3p6 4s2 3d6. The incompletely occupied 3p orbital of Fe 
could bond with HOMO of EHTC, while the filled 3s orbital, it could interact with LUMO of EHTC. 
However, the χ, η, σ and ∆N values are also listed in Table 6. According to some studies [39], the parameter of χ 
is related to the chemical potential, and higher value of χ means better inhibitive performance. On the other 
hand, η is equal to ∆E/2, and the lower c implies more polarizability and higher inhibition efficiency. The 
parameter of σ is reciprocal to η, thus high value of σ is related to more efficiency. Values of ∆N exhibit 
inhibitive performance resulted from electrons donations. If ∆N < 3.6, the inhibition efficiency increases with 
the increase in electron-donation ability to the metal surface. 
The reactive regions in a molecule can be analyzed using Fukui indices. These represent the regions in a 
molecule susceptible for electrophilic and nucleophilic attack. Fukui functions can be evaluated using Mulliken 
population analysis of atoms in a molecule depending on the direction of electron transfer [40]. 
Generally, the high value of f+

K  is the preferred site for nucleophilic attack, while the sites with a high value of 
f-

K are preferred for electrophilic attack [34]. These Fukui indices for the tested EHTC  were presented in Table 
7.  In EHTC atoms C3 (0.004), C17 (0.017), C24 (0.025) and C25 (0.011) presented the highest values of f+

K   
regarding the most susceptible sites for nucleophilic attacks. In addition, the C7 (0.037), C11 (0.066), N20 
(0.042), C21 (0.031), C28 (0.019) and C21 (0.028) is the preferable sites for electrophilic attacks and 
consequently donating charges to the carbon steel surface, as they presented the highest values of f-

K. Based on 
these findings, the distribution of the active sites is quite different. This implies the highest capacity of 
adsorption of EHTC on the carbon steel surface confirming the high obtained experimental inhibition efficiency.  
 
Table 7. Values of the Fukui function considering Natural Population analysis (NPA) of EHTC molecule calculated at the 

B3LYP / 6-31 G (d, p). 
Atomes P(N) P (N+1) P (N-1) 

kf
+

 kf
−

 
C1 5.975 5.932 6.006 -0.043 -0.031 
C2 5.861 5.830 5.864 -0.031 -0.003 
C3 6.076 6.080 6.094 0.004 -0.018 
C4 6.191 6.157 6.201 -0.034 -0.01 
C5 6.269 6.241 6.323 -0.028 -0.054 
C7 5.778 5.720 5.741 -0.058 0.037 
C8 6.035 5.977 6.101 -0.058 -0.066 

C11 6.312 6.298 6.246 -0.014 0.066 
C12 5.885 5.782 6.419 -0.103 -0.534 
N14 7.413 7.369 7.444 -0.044 -0.031 
O15 8.684 8.602 8.710 -0.082 -0.026 
C17 6.273 6.290 6.274 0.017 -0.001 
N20 7.177 7.145 7.135 -0.032 0.042 
C21 5.701 5.644 5.670 -0.057 0.031 
N22 7.053 7.006 7.045 -0.047 0.008 
N23 7.280 7.252 7.339 -0.028 -0.059 
C24 5.996 6.021 6.065 0.025 -0.069 
C25 5.202 5.213 5.221 0.011 -0.019 
O26 8.607 8.588 8.609 -0.019 -0.002 
O27 8.520 8.567 8.584 0.047 -0.064 
C28 6.135 6.120 6.116 -0.015 0.019 
C30 6.715 6.718 6.709 0.003 0.006 
N35 7.891 7.768 7.863 -0.123 0.028 

Conclusion 
In this study, corrosion inhibition efficiency of ethyl 5-amino-1-((8-hydroxyquinolin-5-yl)methyl)-1H-1,2,3-
triazole-4-carboxylate (EHTC) on carbon steel in 1.0 M HCl was investigated by electrochemical measurements 
coupled with Quantum chemical calculations. It is found that the EHTC shows a good inhibition performance 
for carbon steel in 1.0 M HCl solution and its inhibition efficiency increases with concentrations and decreases 
with temperature.  It is found that the EHTC acts as a mixed-typed inhibitor which suppresses both the anodic 
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and cathodic process by chemisorptions on the carbon steel surface, and its adsorption obeys Langmuir 
adsorption isotherm. Electrochemical impedance spectroscopy data reveals an increase in transfer resistance Rct 
values, which accounted for good inhibition efficiency. Quantum chemical studies also support the experimental 
studies. 
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