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Abstract- Using the decoction extraction method, we obtained twice crude aqueous extracts 

of Artemisia absinthium or (wormwood) that was made to start a comparative study, between 

the first extract which corresponds to the leaves of our plant (AQL) and the second which 

belongs to the stems (AQS). The inhibitory activity of the twice extracts of Artemisia 

absinthium was studied by weight loss, potentiodynamic polarization and electrochemistry 

impedance spectroscopy. The morphology of the mild steel surface was examined by SEM. 

The inhibitory efficiency increased with the increase of the concentration, we reach an 

efficiency of 85% for AQL and 82% for AQS at 308 K for a concentration of 0.2 g/L. Two 

Artemisia absinthium extracts used to prevent corrosion in mild steel adhere to the Langmuir 

adsorption isotherm during adsorption. The majority compound is 3,4-dihydroxybenzoic acid 

in the case of extracts with percentages of 42.4% for AQL and 42.2% for AQS. The DFT results 

of the majority of compounds allowed us to have an idea on the power of adsorption of these 

last ones on the surface of the metal, indeed there can be a combined effect of the various 

molecules constituting the extracts on the corrosion inhibition. 
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1. INTRODUCTION   

Corrosion is a natural and spontaneous process like the fall of anything from top to bottom 

due to gravity or like the further increase of entropy in the universe, if we speak at the level of 

the energy, the presence of oxygen and water in all kinds of environment causes iron to 

combine with atoms of oxygen and hydrogen to form iron oxide to return to their states of 

lowest energy [1]. If you type the word corrosion on the internet or look for it in books, you 

will find many definitions, some short ones do not fully explain this phenomenon, others 

specifically explain the different cases of corrosion by explaining the forms of degradation 

material like galvanic corrosion, uniform corrosion, pitting corrosion, intergranular corrosion 

and crevice corrosion. For this, corrosion as a natural phenomenon can be defined as an 

irreversible process between a substance and the surrounding environment that controls the 

types of decomposition of the material [2,3]. 

Corrosion of materials remains a problem that preoccupies researchers and encourages 

them to launch initiatives to remedy the destructive effects of this phenomenon which affects 

the desired function of our material, especially in industries where acid enters the cleaning of 

machines process [4-6], it is therefore necessary to use inhibitors to minimize the degradation 

of the metal and increase its lifespan, despite the fact that there are many inhibitors, but finding 

an inhibitor that does not have adverse effects on our environment is the most important. Most 

synthetic compounds have good anti-corrosive properties but are highly toxic which can 

damage organic systems by disrupting biochemical processes and the body's enzyme system  

[7]. 

For this reason, we attempted to use the Artemisia absinthium plant's crude aqueous 

extracts (CAE) as an environmentally friendly inhibitor in the current work. Artemisia 

absinthium L. is a member of the tribe Anthemideae of the Asteraceae family. It goes by the 

popular names absinthe in France, wormwood in the United Kingdom, afsantine in Iran, and 

wennut in Germany [8,9]. In Europe, North Africa, the Middle East, and Asia, it has been 

utilized in phytotherapy [10]. is a bitter, aromatic herb that has been used for centuries as a 

multipurpose medicinal. It was a well-liked plant in the Middle Ages, and most herbariums and 

medical texts mention it. The medication was prescribed as a powder infusion. 

Antitrypanosomal [11], antibacterial [12], antiplasmodial [13], antipyretic [14], anti-

inflammatory and analgesic [15], antidepressant and antifungal [16], and antioxidant impact 

[17] are just a few of the biological activities that have been assessed  . 

Under the control of electrochemical and weight loss procedures, this investigation was 

organized to estimate the inhibitory activity of aqueous crude Artemisia extracts on the 

corrosion process of mild steel in a cleaning concentration of 1 M hydrochloric acid. The 

chemical composition of the extracts was identified by high performance liquid 

chromatography HPLC. To study the form of corrosion and surface morphology, the samples 



Anal. Bioanal. Electrochem., Vol. 15, No. 1, 2023, 17-35                                                                    19 

were inspected by SEM. The majority of compounds of Artemisia absinthium extracts are 

optimized using density functional theory (DFT). 

 

2. EXPERIMENTAL METHODS 

2.1. Inhibitor Extraction 

We chose the region of Mestferki which is located almost 25 km from Oujda city (Morocco) 

to collect a sample of the plant Artemisia absinthium, this harvest was carried out on 13th 

December 2018. Leaves and stems of Artemisia absinthium were freshly collected and dried 

separately in a dry and ventilated place, protected from light. The dried plant material was 

ground. The extraction of the leaf and stem powder (100 g) was done separately by decoction 

with distilled water for 2 hours after the removal of the essential oil.  

 

2.2. High performance liquid chromatography (HPLC)  

A liquid chromatography separation module (Waters e2695) connected to a diode array 

detector (Waters 2998 PDA) and data processing software called Empower was used to 

perform the HPLC/DAD analysis. Chromatograms between 254 and 300 nm were captured. a 

C18 column (4.6 mm by 250 mm by 5 μm). The mobile phase was performed in gradient mode 

using ultrapure water/acetic acid (0.5%) (solvent A) and methanol (solvent B) at flow rates of 

1 mL/min and 20 μL for injection volumes, respectively (0 min, 80% A, 20% B; 20 min, 0% 

A, 100% B; and 25 min, 0% A, 100% B). Retention times and UV spectra were compared to 

standards, and the results were used to identify the peaks. Gallic acid, vanillic acid, catechin, 

caffeic acid, rosmarinic acid, p-hydroxy benzoic acid, rutin, quercetin, syringic acid, vanniline, 

naringenin, P-coumaric acid, Artemetin, Ascorbic acid, ferulic acid, malic acid, and kaempferol 

were the standard polyphenolic substances employed. These substances had previously been 

discovered in Artemisia absinthium. 

 

2.3. Materials used for corrosion assessment 

Basic chemical composition of samples by weight is presented in Table 1, before starting 

each procedure, the material already described above is polished using a series of emery paper 

sheets number 180–1200.Then, all the samples used are washed and degreased with distilled 

water and acetone, respectively, and finally dried. 

The 37 percent analytical grade concentrated HCl was mixed with distilled water to obtain 

the 1 M HCl cleaning solution.The required inhibitor concentrations (in g/L) were dissolved in 

acid solution, and the inhibitor-free solution served as a baseline for comparison. Before each 

experiment, the test solutions were freshly made by mixing Artemisia absinthium extracts right 

into the corrosive solution. The extracts used have concentrations of 0.025, 0.05, 0.1, and 0.2 

g/L. 
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Table 1. Basic chemical composition of samples 

Elements Fe Si C Cu P S Al 

Percentage 99.12 0.38 0.21 0.14 0.09 0.05 0.01 

 

2.4. Weight loss studies 

The metallic iron sample sheets, which measure 1×1×0.2 cm, were scraped before being 

submerged in 100 mL of acid (1 M HCl) with a range of inhibitor amounts for varying 

durations. After being removed, they are submerged in an acetone solution to remove any 

residue. They are then completely washed with tap water, rinsing them with distilled water, 

and drying them. All measurements were made a few times, and average values were published, 

in order to achieve good repeatability. 

  The corrosion rate (CR), the inhibition efficiency (𝜂G (%)) and the degree of surface 

coverage (θ) were calculated as follows [18]: 
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where A is the surface area (cm2), t represents the duration of time it takes to submerge the 

metal, and Wa and Wb are the sample weights (mg) after the experiment and before it in 

solutions of hydrochloric acid, respectively. RC  describes the effect of the amount of inhibitor 

on the corrosion rate of the samples, and 
O

RC  describes the effect of the blank solution. 

 

2.5. Electrochemical studies 

Tacussel corrosion analysis software model (Voltamaster 4) was used to control the Volta 

lab (Tacussel- Radiometer PGZ 100) potentiostate for the electrochemical measurement 

studies, which were conducted in a static environment. In a double-walled electrochemical cell 

with a thermometer, 100 mL of 1 M HCl was added, both without and with various doses of 

the inhibitor. The electrolyte is maintained at the proper temperature by a thermostat that 

circulates water. Three electrodes are present in the corrosion cell. a working electrode 

constructed of mild steel with a surface area of 1 cm2, a platinum electrode with a surface area 

of 1 cm2, and a saturated calomel electrode (SCE), which serves as a reference electrode. The 

working electrode was submerged in the test solution for 30 minutes to create a steady state 

open circuit potential. The potentials are relative to the reference electrode (Eocp). The 
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electrochemical experiments and testing were carried out in aerated solutions at a temperature 

of 308 K after measuring this potential. 

The AC sine wave amplitude used in the EIS studies was 10 mV peak-to-peak at open 

circuit potential, and the frequency range used was 100 kHz–10 mHz [19,20]. These tests 

produced nyquist plots, which were then used to evaluate and extract impedance data. The 

following equation determines the proportion of inhibitory effectiveness from the impedance 

diagrams [21,22]: 
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where pR  and 
O

pR are the polarization resistances in the presence and absence of inhibitor in 

the corrosive solution. Potentiodynamic polarization measurements were recorded from both 

cathodic and anodic directions with a scan rate of 0.5 mVs-1 by changing the electrode potential 

automatically from -800 to -200 [23,24]. The cathodic and anodic linear segments of the Tafel 

curves were extrapolated to the corrosion potential to obtain the corrosion current densities 

(icorr). The percent inhibitory efficiency from the polarization curves ηpc (%) is determined as 

follows [25,26]:  
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where 
corri and 

O

corri are the current densities in the presence and absence of inhibitor in the 

corrosive solution. 

 

2.6. Surface examination study 

The morphology composition of mild steel in 1M HCl solution in the presence and absence 

of aqueous extracts of Artemisia absinthium for an optimal concentration (0.2g/L) were 

analyzed after 24 hours of immersion by scanning electron microscopy (SEM) using a JEOL 

JSM-IT500HR apparatus. The aluminum sample holder held the mild steel samples while they 

were being inspected at an 8 kV accelerating voltage. 

 

2.7. Computational studies 

Density function theory (DFT) was used to completely optimize the geometries of the 

majority of the compounds in the aqueous extracts of Artemisia absinthium. The hybrid 

function B3LYP was employed, and the theoretical calculations at this level of DFT/B3LYP 

theory were carried out using the 6-31G (d,p) [27] basis implemented in the Gaussian 09W 

software suite, which supports electronic structure modeling. These calculations have shown 

to be an effective technique to understand how corrosion inhibition works. Total energy (ET), 

lowest unoccupied molecular orbital energy (ELUMO), highest molecular orbital energy 
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(EHOMO), and other characteristics can be estimated using the formulae shown in Table 2 to 

describe the global reactivity of the principal components in Artemisia absinthium extracts. 

 

Table 2. Equations of quantum parameters descriptors of global reactivity 

Global reactivity descriptors Equation 

Energy gap ΔΕgap= ELUMO – EHOMO 

Absolute electronegativity 𝜒 = (I+A)/2 

Global hardness η = (I − A)/2 

Fraction of emitted electrons ∆N= (𝜑metal -𝜒)/η 

I: Ionization potential (I= -EHOMO), A: Electron affinity (A=-ELUMO), 𝜑metal: work function of metal (𝜑metal = 4.81 eV) 

 

3. RESULTS AND DISCUSSION 

3.1. HPLC analysis of the extracts 

By contrasting their retention times and UV spectra, high performance liquid 

chromatography linked to a diode array detector (HPLC-DAD) was used to determine the 

chemical composition of Artemisia absinthium aqueous extracts. The chromatograms of 

aqueous leaf extract (AQL) and aqueous stem extract (AQS) are shown in Figure. 1 and 2 

respectively. Figure.3 shows the chemical structures of the compounds identified in these two 

extracts. 

The most abundant compound was 3,4-Dihydroxybenzoic acid with almost identical 

percentages of 42.4% and 42.2% for AQL and AQS respectively. AQL contains also Gallic 

acid (14.40%), Vanillin (13.73%), Catechin hydrate (10.31%), Naringenin (8.96%), Malic acid 

(4.30%) and Ascorbic acid (1.30%). Also the presence of Vanillin (15.91%), Naringenin 

(11.83%), Gallic acid (7.60%), 4-Hydroxybenzoic acid (3.44%), Vanillic acid (3.16%), Caffeic 

acid (3.05%) and Ascorbic acid (1.55%) in AQS.  

Figure 1. HPLC chromatograms patterns of AQL: ((1) Ascorbic acid (1.30 %), (2) Catechin 

Hydrate (10.31%), (3) 3,4-Dihydroxybenzoic acid (42.4 %), (4) Gallic acid (14.40 %), (5) 

Malic acid (4.30 %), (6) Vanillin (13.73%) and (7) Naringenin (8.96 %)) 
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Figure 2. HPLC chromatograms patterns of AQS: ((1) Ascorbic acid (1.55 %), (2) 3,4-

Dihydroxybenzoic acid (42.2%), (3) Gallic acid (7.60 %), (4) 4-Hydroxybenzoic acid (3.44 

%), (5) Vanillin (15.91%), (6) Naringenin (11.83 %), (7) Vanillic acid (3.16%) and (8) Caffeic 

acid (3.05%)) 

 

Works have reported the presence of these molecules in the extracts of Artemisia 

absinthium, it has been confirmed the presence of Gallic acid, Caffeic acid [28], vanillic acid 

[29], Vanillin, Naringenin [30], Malic acid [31], Ascorbic acid [32], Catechin [33], 4-

hydroxybenzoic acid [34] and Protocatechuic acid or 3,4-Dihydroxybenzoic acid [35]. This 

plant was established for production of commercially important secondary metabolites [36]. 

 

 

 

Figure 3. Compounds found in aqueous extracts of artemisia absinthium 
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3.2. Weight loss method 

Different amounts of AQL and AQS were tested to establish the degree of corrosion of the 

samples at different concentrations during 6 hours of immersion at a temperature of 308K. 

Table 3 shows the values of corrosion rates, inhibitory efficiencies and metal surface coverage 

rates achieved by the gravimetric method. The addition of the extracts remarkably decreased 

the corrosion rate, as well as a clear dependence between this rate and the concentration of the 

Artemisia absinthium extracts. AQL and AQS show corrosion inhibition efficiencies of 88.8% 

and 88.2% respectively for a maximum concentration of 0.2 g/L. 

It is observed that the inhibition effect is improved with the increment of the concentration, 

this translates into a reduction of the chemical attacks coming from the HCl medium,which is 

probably caused by the formation of a film of the extract molecules on the mild steel surface 

when the extract concentration is increased. A better inhibition efficiency was noticed for AQL, 

this effect can be a sign of effective coverageof the metal by the molecules from this extract. 

In general, the active sites of the extraction molecules can occupy an essential role in the 

process of adsorption of these molecules on the metal surface, indeed the presence of hydroxyl 

groups in 3,4-hydroxybenzoic acid Vanillin, naringenin and gallic acid in Artemisia absinthium 

extracts contributes effectively to the adsorption of the inhibitor and thus to the corrosion 

inhibition of mild steel. They may contribute to the adsorption of the inhibitor and thus to the 

inhibition of corrosion of mild steel.  

So these molecules have the ability to donate electrons activating electron pairs on the 

oxygen atoms which increases electron density on the benzene ring.in fact It has been reported 

that plant extracts with heterocycle compounds can be used as corrosion inhibitors, as they can 

easily adsorb onto the metal surface because of their aromatic rings, free electrons, pi bonds (π 

bonds) as well as polar functional groups that serve as adsorption centres [37]. 

 

Table 3. Inhibition effect with increasing AQL and AQS concentrations after 6 hours of 

immersion in HCl 

 Concentration 

(g/L) 

Corrosion rate 

CR (mg cm-2h-1) 

Inhibition 

efficiency ηG (%) 

Surface 

coverage θ 

Blank 0 0.750 ----- ----- 

 

AQL 

0.2 0.084 88.8 0.888 

0.1 0.104 86.1 0.861 

0.05 0.213 71.6 0.716 

0.025 0.290 61.3 0.613 

 

AQS 

0.2 0.088 88.3 0.883 

0.1 0.201 73.2 0.732 

0.05 0.367 51.1 0.511 

0.025 0.436 41.9 0.419 
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3.3. Langmuir adsorption isotherm 

The basic information about the interaction between the extract molecules and and the mild 

steel surface can be explicated by an adsorption isotherm. The inhibitory effectiveness and 

interaction of the molecules on the mild steel surface depends principally on the adsorption of 

the inhibitor molecules on the electrode surface [38]. 

The surface coverage values (θ) calculated from the weight loss method as a function of 

inhibitor concentration were traced by fitting to the Langmuir isotherm, the equation that plots 

the Langmuir isotherm is as follows[39,40]: 

𝜃

1−𝜃
= Kads C                                                                                                                          (6) 

where C is the concentration of the inhibitor in the solution and Kads is the adsorption-

desorption equilibrium constant.  

The curves obtained from the Langmuir isotherm equation at different temperatures for 

AQL and AQS are linear with correlation coefficients of 0.9995 and 0.96 respectively (Figure 

4), this shows that the adsorption of Artemisia absinthium extracts on the surface of mild steel 

in 1 M HCl medium obeys the Langmuir adsorption isotherm. 
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Figure 4. Effect of AQL and AQS concentrations on the Langmuir's adsorption isotherm at 

303 K 

 

3.4. Electrochemical impedance spectroscopy studies 

The impedance diagrams were plotted in order to search the trend of parameters for the 

electrochemical resistance of the substrate system and 1 M HCl at various concentrations of 

AQL and AQS extracts, the measurements were produced and presented in Figure 5 and Figure 
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6. Then, the impedance properties of the system are represented as the polarization resistance 

(Rp), the double-layer capacitance (Cdl), and the efficiency inhibitor in Table 4. 

Furthermore, the AQL and AQS extracts enhance the diameters of the capacitive loops to 

more elevated values than that of the blank solution, remarkably this increase becomes more 

marked when the concentration of these extracts increases. The Nyquist plots include 

animperfect capacitive loop for each solution, which justifies that the corrosion process was 

principally controlled by charge transfer. Moreover, these imperfect semicirclesmay be a result 

of the difference in frequency dispersion [41], or the heterogeneity of the electrochemical 

system resulting from impurities, surface roughness and the formation of porous inhibitor 

layers  [42,43]. 

Besides, the decline of Cdl value when adding AQL and AQS may explain that the 

adsorption of these extracts occurs at the active sites of the samples [44], The addition of AQL 

and AQS to the system decreases considerably the values of the capacity of the double layer in 

fact it passes from 167.5 μFcm-2 to 78.70 and 89.77 μFcm-2 for AQL and AQS respectively for 

a concentration of 0.2g/L, this transition can be described as the adsorption of the active organic 

molecules of the extracts on the active sites of the samples, according to the Helmholtz model, 

the greater the adsorption of the inhibitor on the metal surface, the thicker the organic matter 

deposited (e) and the more the capacity of the double layer (Cdl) decreases. The increase in 

polarization resistance (Rp) leads to the increase in inhibitory efficiency. An efficiency of 

85.1% is obtained in the case of mild steel inhibition by AQL and 81.9% at concentration of 

0.2 g/L.  
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Figure 5. Effect of AQL concentrations on the Nyquist plots at 308 K 
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Figure 6. Effect of AQS concentrations on the Nyquist plots at 308 K 

 

Table 4. Effect of AQL and AQS concentrations on the impedance parameters at 303 K 

 

3.5. Potentiodynamic polarization studies 

Figure 7 and Figure 8 display the effect of AQL and AQS on the polarization curves of 

samples in HCl solution, respectively at 303 K, and Table 5 presents the parameters describing 

the interpretation of the corrosion mechanism such as the potential (Ecorr), and the current 

density (icorr), in the same direction, anodic and cathodic Tafel slope (βa) and (βc) were extracted 

from Tafel polarization diagrams. 

The addition of AQL and AQS extracts in HCl solutions reduces the cathodic and anodic 

current density of the substrates, and this decline correlated with the concentrations, indicating 

that the Artemisia Absinthium extracts were effectively adsorbed at the active sites of the 

samples. 

 Concentration 

(g/L) 

Rp Cdl 

(μFcm−2) 

ηEIS 

(%) 

Blank - 24.5 167.5 - 

 

AQL 

0.2 164.3 78.7 85.1 

0.1 136.4 83.5 82.0 

0.05 96.8 95.2 74.7 

0.025 63.5 101.4 61.4 

 

AQS 

0.2 135.3 89.8 81.9 

0.1 80.8 98.9 69.7 

0.05 54.6 108.0 55.0 

0.025 39.4 113.7 37.7 
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Moreover, the anodic and cathodic portions of the curves, shift towards lower current 

densities when adding and increasing the concentration of the extracts, in another way, the 

addition of these extracts obviously affects the cathodic and anodic curves. These results 

confirm the dual action of AQL and AQS inhibitors, which can be classified as a mixed type 

with a cathodic orientation. Besides, lower in the corrosion current density leads to higher 

inhibition efficiency.A maximum inhibition of 90.5 % is reached for AQL and 85.3% for AQS 

at 0.2 g/L. On the other hand, reaches an efficiency of 66.9 % in the presence of AQL and 37.8 

% in the presence of AQS for a low concentration (0.025 g/L). The cathodic and anodic Tafel 

slopes changed, which implies that the cathodic hydrogen evolution and the anodic metal 

dissolution reaction took place. 
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Figure 7. Effect of AQL concentrations on the polarization curves at 303K 
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Figure 8. Effect of AQS concentrations on the  polarization curves at 303K 
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Table 5. Effect of AQL and AQS concentrations on the corrosion parameters at 303 K. 

 
 Concentration 

(g/L) 

Ecorr 

(mV/SCE) 

-βc 

(mV/dec) 

βa 

(mV/dec) 

icorr 

(mA/cm²) 

ηPC 

(%) 

Blank - -453.5 179.9 149.1 1.882 - 

 

AQL 

0.2 -437.3 107.0 70.7 0.178 90.5 

0.1 -425.6 157.2 68.0 0.316 83.2 

0.05 -421.8 193.3 70.0 0.373 80.1 

0.025 -433.4 211.4 86.4 0.622 66.9 

 

AQS 

0.2 -479.6 146.3 89.5 0.275 85.4 

0.1 -478.7 187.4 117.0 0.595 68.4 

0.05 -469.4 176.7 1112 0.839 55.4 

0.025 -466.2 222.0 130.7 1.170 37.8 

 

3.6. Surface studies 

The analysis of the mild steel surface by scanning electron microscope was performed in 

order to have some idea on the morphology of the mild steel surface. Figure 9 shows the Meb 

images obtained before immersion and after 24 h of immersion in 1M HCl solutions in the 

absence and presence of 0.2 g/L and AQL and AQS extract.  

 

 

Figure 9. Effect of AQL and AQS on the SEM micrographs of the sample surface a) polished 

surface b) 1M HCl and c) 1M HCl + aqueous leaf extract and d) 1M HCl + aqueous stem 

extract 

 

It can be clearly seen that the surface of mild steel before immersion in HCl solution (Figure 

9-a) is obviously different from that in the absence or presence of Artemisia absinthium extracts 
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which is remarkably corroded. Figure 9-b shows that the surface of mild steel immersed in HCl 

in the absence of extracts was strongly damaged which can be justified by the presence of H+ 

and Cl- ions, coming from excessive dissolution of mild steel in HCl medium. The addition of 

AQL (Figure 9-c) and AQS (Figure 9-d) to the corrosive solution allowed to obtain smoother 

mild steel surfaces and to minimize and reduce the damage caused by corrosion on its surface, 

in fact the latter is remarkably less damaged, this result can be attributed to the formation of an 

inhibitor film that reduces the dissolution of the metal in the presence of HCl ref. From these 

images it is clear that AQL provides better corrosion protection than AQS, as confirmed by the 

previous methods. 

 

3.7. Quantum chemical studies 

In order to have an idea on the molecules which contributed to the corrosion inhibition, a 

theoretical study by the density function theory (DFT) was carried out by the B3LYP method 

using the 6-311G (d, p) base. This study was carried out to determine the molecules responsible 

for the difference in inhibitory efficiency found between AQL and AQS, knowing that the 

majority compound was the same in the case of these two extracts with almost equal 

percentages, also to describe the interaction between the inhibitor molecules and the metal 

surface, although the properties of the activity of these molecules, in addition it allows to give 

an idea of the molecules responsible for the inhibitory effect in the case of plant extracts.  

 

 

Figure 10. Optimization geometryof 3,4-dihydroxybenzoic acid (A), vanillin (B), gallic acid 

(C), naringenin (D) and catechine (E) obtained with the DFT at B3LYP/6-31G (d,p) level 
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Figure 10 shows the optimized geometries of 3,4-dihydroxybenzoic acid (A), Vanillin (B), 

Gallic acid (C), Naringenin (D) and Catechin (E), and the 3D plots of the ground state boundary 

orbitals of the HOMO and LUMO energies of these molecules are presented in Figure 11. The 

quantum descriptors of the molecules were calculated by DFT at B3LYB/6-31G (d, p) and are 

presented in Table 6. From Figure 11 we can see that the electron densities were distributed on 

the surface of the whole molecules, and that the higher electron density on HOMO and LUMO 

suggests that these are the donor and acceptor sites of the inhibitors. These densities are 

localized on the aromatic rings which are responsible for the chemical reactivity of the main 

molecules of Artemisia ansinthium, which causes interatomic interactions between the atoms 

of these molecules and the iron atoms of the mild steel surface, which reinforces the adsorption 

of our molecules. 

 

 

Figure 11. HOMO and LUMO molecular orbitals of 3,4-dihydroxybenzoic acid (A), vanillin 

(B), gallic acid (C), naringenin (D) and catechine (E) obtained with the DFT at B3LYP/6-31G 

(d,p) level 

 

The HOMO and LUMO boundary orbitals of a molecule are important parameters for 

defining reactivity. A good correlation between EHOMO and the efficiency of corrosion 

inhibition has been found, this energy is often associated with the electron donating capacity 

of the molecule [45]. A higher EHOMO value means a good capacity of the inhibitor to yield its 

electrons to the vacant d-orbital of the metal. While a lower EHOMO value is indicative of the 

ability of the inhibitor to acquire electrons from the metal orbitals by back-donation [46]. 
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Indeed, the adsorption of inhibitor molecules on the metal surface occurs on the principle of 

donor-acceptor interactions between the vacant d orbitals of the metal atoms and the electrons 

of heterocyclic compounds [45]. Comparing the 5 major inhibitor compounds: A, B, C, D and 

E, the energy calculations show that compound E has the highest HOMO level (-4.845 eV) 

compared to those obtained for C (-6.252 ev), B (-6.262 ev), A (-6.304 ev) and D (-9.141 eV). 

The global hardness (𝜂) is defined as the resistance to electron cloud polarization or 

deformation under a small perturbation of the chemical reaction. A large energy gap 

corresponds to a hard molecule, while a soft molecule has a small energy gap which is an 

indication of low reactivity [47]. A remarkably less negative value of the Total Energy (-

28025.873 ev) and a low value of ∆E (2.905 ev) for E which suggests a better reactivity 

compared to the other molecules, and it is classified as a soft molecule. 

The electron capacity donation is determined by the number of transferred electrons (ΔN). 

We notice from our results that E has the highest ∆N value (0.975) which suggests its high 

electron donating capacity, followed by C (0.418), A (0.401), B (0.374) and finally D  

(-2.208). These results clearly justify that molecules of AQL inhibitor possess higher electron 

donating capacity than those of AQS inhibitor which therefore confirms the high inhibitory 

efficacy found by the gravimetric and electrochemical studies for AQL, it may be that the 

majority molecules of this extract react by synergy. The inhibitory efficiencies found by 

gravimetric and electrochemical techniques of AQL are higher than those of AQS, based on 

the results of theoretical calculations, possibly these differences may be related to the presence 

of catechin in AQL or a combined effect of gallic acid and catechin with 3,4-dihydroxybenzoic 

acid. 

 

Table 6. The quantum descriptors of A, B, C, D and E calculated using DFT at B3LYB/6-31G 

(d, p) 

 

Molecules ET  

(ev) 

EHOMO  

(ev) 

ELUMO  

(ev) 

∆E 

(ev) 

𝜒 𝜂 ∆N 

A -15542.868 -6.304 -1.311 4.992 3.807 2.496 0.401 

B -14564.593 -6.262 -1.618 4.644 3.94 2.322 0.374 

C -17589.478 -6.252 -1.296 4.956 3.774 2.478 0.418 

D -25948.691 -9.141 -1.974 7.167 5.557 3.583 -2.208 

E -28025.873 -4.845 -1.939 2.905 3.392 1.453 0.975 

 

Alahiane et al. [48], found that 3,4-dihydroxybenzoic acid is a good stainless steel inhibitor 

in HCl solutions, indeed the maximum efficiency of 88% was obtained for an optimum 

inhibitor concentration of 10-2 M. 

Vanillin is a molecule that has been proven by Emregül et al. [49], as a corrosion inhibitor 

for steel with an efficiency of 81.2% for a concentration of 0.01M in 2M HCl medium. It was 

https://scholar.google.com/citations?user=6VcsyuoAAAAJ&hl=fr&oi=sra
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also found by El-Etre et al. [50] that vanillin acts as a good inhibitor of aluminum corrosion in 

a 5 M hydrochloric acid solution. 

Gallic acid which is a compound present in henna extracts showed an inhibitory effect of 

mild steel in 1 M HCl [44]. Naringenin has been shown to inhibit the corrosion of aluminum 

and zinc against the aggressiveness of the acidic environment by its adsorption on the surface 

of the metals.  Hussin et al. identify (+)-catechin hydrates as a good inhibitor of mild steel in 

1M HCl medium, which acts as a mixed type inhibitor with predominance at the anode site 

[51]. 

 

4. CONCLUSION 

Artemisia absinthium extracts have satisfactory results against the dissolution of mild steel 

in 1M HCl medium so they act as corrosion inhibiting agents, Indeed, at the concentration of 

0.2 g/L, the protection efficiency was 85% for AQL and 82% for AQS. Both inhibitors 

demonstrated dual inhibitory action, which was classified as mixed type. Nyquist plots justified 

that the corrosion process is especially influenced by the charge transfer, which is confirmed  

by a single capacitive loop. The adsorption actions of these inhibitors in the acidic medium 

HCl 1M, obits to the Langmuir isotherm. The study by the different methods used shows a 

coherence of the results which confirms the complementarity of these methods. Surface 

analysis by SEM showed that damage caused by the acid media on the mild steel surface was 

reduced when AQL and AQS were used. Theoretically, a reasonable correlation was confirmed 

between the experiment results and the parameters obtained by the DFT method. 
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