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Abstract: Density Functional Theory investigations using the B3LYP/6-31G* model have been carried 

out. Several quantum chemical parameters have been computed to interpret the inhibition activity of 2, 

4-dinitrophenylhydrazine, o-phenylenediamine, and hydrazine hydrate. The ranking of the quantum 

chemical calculations classifies 2, 4-Dinitrophenylhydrazine as high efficient inhibitor among the 

studied molecules. The correspondence of the lowest energy gap (ΔE = 4.27 eV) for the calculated value 

(88.9%) of the highest inhibition efficiency (%IE) of 2, 4 Dinitrophenylhydrazine. Therefore, in 

parallel, the experimental inhibition of aluminum corrosion was tested using amine compounds in 1M 

hydrochloric acid solution by means of gravimetry and gasometry measurements. These compounds 

have been found to act as effective corrosion inhibitors for aluminum in the acid solution, and the best 

one was 2, 4-dinitrophenylhydrazine, represent one of the salient agreements between experimental and 

theoretical measurements. The data are showing that this inhibitor is appropriate for Langmuir 

adsorption isotherm. SEM micrographs indicate that the surface coverage increases in the presence of 

0.5 mM of 2, 4-dinitrophenylhydrazine inhibitor, which in turn results in the formation of the adsorbed 

compound on the metal surface and the surface is covered by an inhibitor layer that effectively controls 

the dissolution of aluminum. 

Keywords: 2,4-dinitrophenylhydrazine; o-phenylenediamine; hydrazine hydrate; Aluminum 

Corrosion, Density Functional Theory. 
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1. Introduction 

Corrosion is a common natural phenomenon that can be chemical or electrochemical in 

essence, and it degrades the properties of the metal and its alloys, making them unusable. 

Depending on the roughness of the aluminum surface, the color varying from silvery to medium 

gray, aluminum is a smooth, strong, lightweight, malleable metal and is non-magnetic and 

matte. Aluminum and its alloys are used in numerous factories and heavily contaminated areas 

for building purposes and numerous interior appliances. Due to its low density and its potential 

to withstand corrosion to some degree owing to the passivation effect, aluminum is remarkable 
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but its corrosion often happens under aqueous acidic environments. Corrosion of aluminum 

and its alloys has been thoroughly studied in acidic solutions [1-3]. Several chemicals are 

commonly used as corrosion inhibitors in the industry to stop or lower the incidence of metal 

corrosion in an acid medium. 

Solutions of hydrochloric acid are typically used in aluminum pickling and 

electrochemical drilling operations, which usually lead to major metal loss due to corrosion 

[4,5]. Among numerous ways to protect aluminum from acid corrosion, the most effective and 

practical method [6,7] to slow down corrosion processes is the addition of organic corrosion 

inhibitors to the metal’s environment. The adsorption [8,9] of such compounds is said to be 

determined by the electronic structure of the donor site's inhibitory molecules, the steric factor, 

aromaticity and electron densities, the functional group, and also the polarisability of the group. 

Previous research indicated that heterocyclic compounds [10] are used as inhibitors of 

corrosion due to the existence of various adsorption centers (O, N, S, P, and π electrons) that 

can help form metal ion complexes.  

Computational chemistry methods implemented in computer hardware and software 

have become a noteworthy tool in explaining, characterizing materials and chemical reactions. 

One of these methods is density functional theory (DFT), which has been broadly applied in 

many corrosion studies [11-13]. In DFT, calculated quantum chemical parameters were utilized 

to identify the characteristics of the inhibitor activities in the corrosion mechanism and analyze 

the interaction between inhibitor and metal surface [14-18]. Such quantum chemical 

parameters involve the highest occupied molecular orbital (HOMO) energy, the lowest 

unoccupied molecular orbital (LUMO), the (EHOMO-ELUMO) energy gap, dipole moment, 

the electronegativity (χ), the global hardness (η), the softness (σ), the charge on the reactive 

center and other parameters that are used in demonstrating the electronic properties of 

molecules [19]. The inhibiting activity of CIE(CIE) to the dissolution of Al in 2M HCl medium 

was carried out by Abd El-Aziz S. Fouda. et al. [20]. Moreover, DFT investigations with a 6-

31G (d, p) basis set were performed by Diki N et al. in order to interpret act out cefadroxil 

inhibition on aluminum in 1 M solution of hydrochloric acid [21]. The local reactivity of these 

inhibitors has been evaluated through Mulliken population calculations to illustrate reactive 

sites for the adsorption process. Potentiodynamic polarization and electrochemical impedance 

spectroscopy results showed that NBL is a mixed-type corrosion inhibitor of AA7075-T7351 

in 1 M HCl environment, which was achieved through the blockage/obstruction/reduction of 

charge flow by the polymeric barrier on the aluminum alloy’s surface [22].  N. Nnaji et al. 

describe the adsorption behavior of organic inhibitors at the aluminum-HCl solution interface, 

and their corrosion inhibition performance and quantum chemical parameters corroborate well 

with experimental findings [23]. Also, it has been proven in many research works that O, N, S, 

P ions, and heterocyclic groups enhance the inhibition efficiency of the molecular structure 

[24]. This is due to the consideration of these ions as active spots, which facilitates the charge 

transfer and forming a stable bond between inhibitor and mild steel surface Moretti et al. [25].  

The theoretical calculation is extremely important because it is trusted results and 

cheaper than experimental work. Theoretical calculation predicts the result without potential 

and time consuming; it has high economic value. Still, it is important to prove that these 

theoretical results were obtained through simple experimental results. There are many papers 

on the use of amines compounds as corrosion inhibitors, but the literature on computational 

simulation of molecular structure and theoretical calculations parameters of these compounds 

as corrosion inhibitors of aluminum in HCl are very few. Therefore, in this research, the authors 
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directed the work to make the comparison between these compounds as corrosion inhibitors 

for aluminum in hydrochloric acid from the point of view of the computational simulation of 

molecular structure and the electronic energies parameters and then theoretically prove by the 

experimental results using gravimetric and gasometrical methods. 

In this work, three different amine compounds named as 2,4-Dinitrophenylhydrazine, 

o-phenylenediamine, and Hydrazine Hydrate have been examined as corrosion inhibitors for 

aluminum in hydrochloric acid. Both experimental and theoretical techniques have been used 

throughout this study. From a theoretical point of view, quantum chemical calculation 

represented in the DFT method, including B3LYP - 6-31G (d,p) model, was conducted to 

evaluate the mentioned molecules as corrosion inhibitors. In parallel with the theoretical study, 

the experimental section gasometry and weight loss measurements have been applied to obtain 

the inhibition efficiency. 

2. Materials and Methods 

2.1. Computational details. 

The amino compounds referred to by DFT performed using Lee-Yang-Parr (B3LYP) 

were analyzed using the Becke Three Parameter Hybrid Functional method. [26,27]. 6-31G* 

has been utilized in the calculations as the basis set the calculated quantum chemical parameters 

always employed in the analysis of the mechanisms of the inhibitor characteristics and 

structural nature description of the inhibitor on the corrosion process Ebenso et al. [28]. All 

optimization calculations were done by using Orca 4.0.0 quantum chemistry program package 

Neese [29]. Both optimized structures draw, and results in visualization was done by using 

Avogadro 1.2.0n molecular editor program Hanwell et al. [30]. 

The inhibition behavior of organic compounds can be explained by some theoretical 

correlations known as quantum chemical parameters. Koopman’s theorem [31,32] expressed 

these quantities in series of approximations as follow: 

I = −EHOMO                                                                                                          (1) 

A = −ELUMO                                                                                                                                         (2) 

𝜒 = −
(𝐸𝐻𝑂𝑀𝑂+𝐸𝐿𝑈𝑀𝑂)

2
=

𝐼+𝐴

2
                                                                   (3) 

𝜂 =  −
(𝐸𝐻𝑂𝑀𝑂−𝐸𝐿𝑈𝑀𝑂)

2
=

𝐼−𝐴

2
                                                                  (4) 

𝜎 =
1

𝜂
=  −

2

(𝐸𝐻𝑂𝑀𝑂−𝐸𝐿𝑈𝑀𝑂)
                                                                     (5) 

𝜔 =
   𝜒2

 2𝜂
                                                                                                  (6) 

𝑁𝑀𝐴𝑋 =
𝜒

𝜂
                                                                                                            (7) 

Where EHOMO is the highest occupied molecular orbital energy, ELUMO the lowest 

unoccupied molecular orbital energy, (χ) is electronegativity, (A) is electron affinity, (η) is 

global hardness, (σ) is softness, (I) is ionization potential, (ω) is electrophilicity index and (ΔN) 

is the fraction of electron transferred. 

2.2. Aluminum specimen.  

The samples used in this study were collected from aluminum at 99.99%. For the 

Gravimetric method 4 cm x 1.3 cm x 0.13 cm rectangular aluminum samples and for the 

Gasometry method 3 cm x 0.6 cm x 0.13 cm is used. The specimens were degreased before 
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each run using a solution containing Na2CO3 (25 g/L), Na3PO4 (25 g/L), and a wetting agent 

(synthetic detergent with the active ingredient dodecylbenzene sulphonate) (10 g/L) for 2 

minutes at 85.0oC, then washed with distilled water and dipping in a pickling solution (4 M 

HCl) for one minute followed by hot and cold distilled water. 

2.3. Reagents.  

From Sigma-Aldrich Chemicals, 2,4-dinitrophenylhydrazine, o-phenylenediamine, and 

80 % hydrazine hydrate obtained and used as an inhibitor (Figure 1). A 37% hydrochloric acid 

solution analytical grade from Merck Chemicals was used to prepare corrosive aqueous 

solutions. 

Figure 1. The name and molecular structures of the three used inhibitors. 

2,4-dinitrophenylhydrazine o-phenylenediamine Hydrazine Hydrate 80 % 

 

 

 

2.4. Solution preparation.  

The blank, a 1 M HCl solution, was prepared by using double distilled water to dilute 

the concentrated hydrochloric acid. 1 M HCl with an inhibitor solution was prepared at 

concentrations of 4-10 mM.  

2.5. Experimental methods.  

2.5.1. Gravimetric measurements. 

A 100 ml beaker holding 50 ml of test solution was used for gravimetric measurements. 

At 298 K, the 24 hours immersion time was used to weight loss method. Three simultaneous 

experiments were conducted to obtain repeatable good results, and average weight loss was 

used to calculate the corrosion rates (CR) are calculated based on the weight loss (WL) 

measurement as the following equation (Eq. 8):  

CR = WL/(As×t).                                                 (8)  

Where As is the sample surface area in cm2, t is the immersion time in hours (hrs), WL 

is the weight loss in mg. The inhibition efficiency (IE) is calculated by the equation (Eq. 9) as 

follows:  

IE(i) = 100×[CR(0)- CR(i)]/CR(0).                    (9)  

Where CR(0) is the corrosion rate of HCl solution without inhibitors in mg·cm-2·h-1; 

CR(i) is the corrosion rate of HCl solution with a certain amount of inhibitor in mg·cm-2·h-1. 

The degree of surface coverage (ϴ) and the inhibition efficiency (IE) using Equation 3: 

θ  = [CR(0)- CR(i)]/CR(0).                                 (10) 

2.5.2. Gasometry method. 

The progression of the corrosion reaction was calculated by the volumetric calculation 

of the hydrogen being produced. Corrosion rate r (mL min-1) was taken as a straight line slope 

reflecting the increase in the quantity of hydrogen and the period of exposure. 
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IE, inhibition efficiency was calculated by using equation 11: 

IE = [1- (r / r0)] x 100                                          (11) 

where r and r0 are the aluminum sample corrosion rates in the presence and absence of 

the utilized inhibitor. 

Degrees of surface coverage (θ) with various inhibitors were evaluated from data of 

weight loss:  

θ  = [1- (r / r0)].                                                   (12) 

2.6. Adsorption isotherm. 

Adsorption isotherm Ayawei [33] can be calculated by supposing that the inhibition 

effect is mainly due to adsorption in an interface between metal/solution. Specific details about 

the inhibitor adsorption may be given by isothermal adsorption on the metal sheet. To achieve 

the isotherm, the fractional coverage values (θ) must be calculated as a function of the 

concentration of the inhibitor. It is, therefore, important to empirically evaluate which isotherm 

is better fitted to inhibitor adsorption on the aluminum surface. 

To research the association (adsorption mechanism) between the metal (aluminum) and 

the inhibitor molecules, various isotherms of adsorption have been studied. The adsorption 

meets the Freundlich adsorption isotherm by providing a strong correlation coefficient if it 

obeys the following equation:  

Freundlich Isotherm         log θ = log K +1/n log C                                  (13) 

Anther isotherms tested, and the equation used is Langmuir Isotherm  

C/θ = 1/K + C                                                                     (14) 

Where C = concentration, θ = Degree of surface coverage, K and n are constants 

2.7. Surface characterization.  

The Hitachi S-3000 computer-operated Scanning Electron Microscope was used to 

research the morphology of the aluminum surface in the presence or absence of a tested 

inhibitor at room temperature for 24 h immersion.  

3. Results and Discussion 

3.1. Quantum calculations results. 

Figure 2 demonstrates the optimized molecular structures for the substances being 

studied. Table 1 describes the values of various quantum chemical parameters such as EHOMO, 

ELUMO, energy gap ΔE (EHOMO - ELUMO), the number of transferred electrons (ΔN), global 

hardness (η), softness (σ), dipole moment (μ) and electronegativity (χ). 

 
Figure 2. Optimized structure of studied molecules. 
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Table 1. The studied inhibitors' calculated Quantum chemical descriptors. 

 EHOMO 

(eV) 

ELUMO 

(eV) 

ΔE  

 (eV) 

IP EA μ  

(Debye) 

χ η σ ΔNmax 

  

ω 

 

2,4-Dinitrophenylhydrazine -6.73 -2.46 4.27 6.73 2.46 8.21 4.60 2.14 0.47 2.15 4.94 

o-phenylenediamine -4.35 0.92 5.27 4.35 -0.92 3.01 1.72 2.64 0.38 0.65 0.56 

Hydrazine Hydrate 80 % -5.34 2.18 7.52 5.34 -2.18 0.00 1.58 3.76 0.27 2.42 0.33 

The frontier molecular orbital theory describes the EHOMO as it owns the ability to donate 

an electron to apposite electron acceptors, while the molecule's ability to accept an electron is 

relevant to ELUMO [34,35]. Furthermore, the higher value of EHOMO is believed to grant higher 

inhibition efficiency for a molecule. Also, good inhibition efficiency is associated with a 

molecule with the lower value of ELUMO [36,37]. From Table 1, one can see that o-

phenylenediamine has the highest HOMO energy while 2, 4-dinitrophenylhydrazine has the 

lowest LUMO energy, which reflects a desirable characteristic for the two compounds as 

inhibitors.  

A. Kosari et al. [37] established previously that the smaller value of ΔE corresponding 

to high chemical reactivity and higher inhibition performance. As indicated in Table 1, the 

values of ΔE revealed that 2,4-Dinitrophenylhydrazine has the smallest HOMO-LUMO gap 

(4.27 eV) and is the best inhibitor. The dipole moment μ is a relevant descriptor for the 

inhibition activity of molecular structure. High inhibition efficiency is correlated with a higher 

value of dipole moment Behpour et al. [38].  

The dipole moment of the studied three molecules in Table 1 has the order: 2,4-

Dinitrophenylhydrazine > o-phenylenediamine > Hydrazine Hydrate 80, which highlights the 

high ability of 2,4-Dinitrophenylhydrazine to be adsorbed on the metal surface. 

Electronegativity is the chemical potential that measures how strongly electrons are 

attracted to molecules. A molecule with a higher value of electronegativity χ shows better 

inhibition properties Parr et al. [39]. The higher value of χ in Table 1 was recorded for 2, 4-

Dinitrophenylhydrazine, making it the best inhibitor performance among the studied 

molecules. Hardness (η) and softness (σ) are two notable parameters to understand the stability 

and reactivity of organic compounds. The resistance of molecule or atom to charges transfer 

during a chemical reaction is defined as chemical hardness, while softness determines the 

capacity of a molecule or atom to receive electrons. The metal surface demonstrates a higher 

inhibition efficiency if it has the smallest value of hardness or the highest value of softness 

[40,41]. In Tables 1, 2, 4-Dinitrophenylhydrazine has the lowest hardness value (2.14), highest 

softness value (0.47), giving it the highest probability to bind on metal surfaces and form a 

good protecting inhibitor. 

The number of transferred electrons (ΔN) is another indication for the efficiency of 

corrosion inhibition, expressing the molecule capability to donate electrons for metal surface. 

The molecule, which has the highest value of (ΔN), is viewed as a good inhibitor that having 

the highest potential to interact with the metal surface. If the range of the number of transferred 

electrons (ΔN) < 3.6, then the molecule which has the highest value of (ΔN) is viewed as a 

good inhibitor that having the highest potential to interact with the metal surface Lukovits et 

al. [42]. As it is obvious in Table 1, the highest value of (ΔN) was observed for 2,4-

Dinitrophenylhydrazine, which documented the priority of 2,4-Dinitrophenylhydrazine as a 

stronger inhibitor than o-phenylenediamine and Hydrazine Hydrate 80 %.  

The electrophilicity index ω determines the strength of the adsorption of the inhibitor 

on the metal surface by measuring the inhibitor capacity to receive electrons from the metal 

surface. A strong inhibitor is remarkable, with a high value of electrophilicity. As depicted in 
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Table 1, the 2,4-Dinitrophenylhydrazine shows the highest value (4.94) of electrophilicity. 

Thus, it can be inferred that 2, 4-Dinitrophenylhydrazine is the most effective inhibitor in the 

course of our study. 

The distributions of HOMO and LUMO frontier molecular orbitals provide details 

about energetic sites in molecules. HOMO orbitals describe the regions which have the ability 

to donate electrons to acceptor regions with empty low energy orbital. The LUMO orbitals are 

associated with regions with the capacity of accepting electrons. The frontier molecule orbitals 

of studied compounds are illustrated in Figure. 3. In 2, 4-Dinitrophenylhydrazine, the HOMO 

mainly consists of bonding orbitals cover the C꞊C-C group in benzene ring beside small phases 

located over oxygen atoms and the upper nitrogen atom, whereas LUMO is antibonding 

orbitals spread over the whole molecule. In o-phenylenediamine, HOMO delocalized over 

three phases C꞊C-C꞊C group, C꞊C bond, and the two nitrogen atoms while LUMO in the region 

including C-C, C꞊C, and C-H bonds in the benzene ring. In Hydrazine Hydrate 80 %, there are 

two HOMO phases surrounding the two H-N-H bonds, while the ambiguous LUMO phase 

surrounding the molecule as indicated by the line view in Figure 3.  Therefore, these sites are 

representing active spots for the probable electrons transfers in reactions mechanism of 

between inhibitors and metal surfaces.  

 
Figure 3. Frontier molecular (HOMO - LUMO) diagram. 

The selectivity of chemical inhibitors depends on the partial atomic charges on the 

atoms of the molecules. For example, if the metal surface is Al, which has a positive charge in 

acidic solution, then the inhibitor molecules with the highest negative charge atoms have the 

highest tendency to be adsorbed on the Al metal surface. In Figure 4, the calculated Mulliken 

atomic charges are clarified on the optimized geometries of the investigated molecules. 2,4-

Dinitrophenylhydrazine containing the majority of negative charge atoms identified on 

oxygens and some of carbon and nitrogen atoms. The highest negative charge (-0.84) on two 

nitrogen atoms in o-phenylenediamine turned to a positive charge (0.39) in 2,4-

Dinitrophenylhydrazine due to bonded to (pulling electrons) oxygen atoms. There are only two 

intermediate negative charge carriers (nitrogen atoms) in Hydrazine Hydrate 80 %.  The 

charges distribution in Hydrazine Hydrate 80 % (equal and opposite vectors of bond dipoles) 

clarifies the zero value of dipole moment indicated in Table 1. 
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Figure 4. Mulliken charges are illustrated on the optimized structure of studied molecules. 

3.2. Gravimetric measurements.  

Table 2 summarizes the percentage of inhibition efficiency (% I E) and fractional 

surface coverage values (θ) obtained from the process of weight loss for different inhibitors 

(0.02 mM) in 1 M HCl. 

From the above findings, it is obvious that the strongest inhibitor was 2, 4-

dinitrophenylhydrazine and the %IE for various compounds investigated decreases in the 

following order: 2, 4-dinitrophenylhydrazine  o-phenylenediamine  hydrazine hydrate.  

The above order maybe because dinitro phenylhydrazine has more donor atoms 

available to coordinate with Al and is thus adsorbed on its surface, thus creating a protective 

layer on its surface that protects the Al against corrosion. 

In the case of o-phenylenediamine and hydrazine hydrate has two lone pairs on two 

NH2 bonded with an Al, but in the case of o-phenylenediamine a chelate may be formed which 

stronger than complex formed with open-chain hydrazine hydrate and so Al more easily 

adsorped on o-phenylenediamine than that of Hydrazine Hydrate. 

Table 2. Inhibition efficiency (% I E) and fractional surface coverage values (θ) use aluminum weight loss 

method in a 1 M HCl aqueous solution in the absence and existence of different inhibitors (10 mM) for 24 

hours. 

Inhibitor type (% I E) (θ) 

2,4-Dinitrophenylhydrazine 88.9% 0.89 

o-phenylenediamine 84.7 % 0.85 

Hydrazine Hydrate 80 % 77.4 0.77 

3.3. Gasometry.  

The value of percentage inhibition efficiency (% I E) and the fractional surface coverage 

values (θ) obtained from the H2-evolution method for used inhibitors in 1M HCl is summarized 

in Table 3 using Figures 5 and 6.  

Table 3. Output values (% I E) and (θ) of the inhibitors tested in 1M of HCl from measurements of H2-evolution 

using Figures 5-6. 

Inhibitor type (% I E) (θ) 

2,4-Dinitrophenylhydrazine 92.6 0.92 

o-phenylenediamine 83.8 0.84 

Hydrazine Hydrate 80 % 81.8 0.82 

The volume of hydrogen produced during aluminum corrosion reaction in 1 M HCl 

solutions absent of and comprising different inhibitors is calculated as a function of the reaction 

period, and the results are graphically depicted in Figs. 5 and 6. The inspection of the figures 

shows that the production of hydrogen begins after the aluminum immersion sheet in the 
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research solution at a certain duration. This duration can be assumed to equate to the time taken 

by the acid to dissolve the pre-immersion oxide film prior to the start of the metal attack, which 

is known as the incubation period. Further examination of the figures shows a linear association 

in all the solutions evaluated between the reaction time and the volume of hydrogen produced. 

The involvement of the inhibitor, therefore, reduces the slope of the straight line markedly. 

Since the line's slope reflects the rate of corrosion reaction, it may be inferred that in the acid 

solution, the 2, 4-dinitrophenylhydrazine inhibitor has an outstanding potential to inhibit 

aluminum corrosion. Table 3 displays the values of IEs and the fractional surface coverage 

values (θ) of the studied inhibitors.  

It is evident from the results that the better inhibitor was 2, 4-dinitrophenylhydrazine, 

and the %IE for compounds investigated decreases in the following order: 2, 4-

dinitrophenylhydrazine  o-phenylenediamine  hydrazine hydrate 80 %.  

 
Figure 5. Hydrogen evolution of through aluminum corrosion at 1 M HCl. 

 
Figure 6. Hydrogen evolution during aluminum corrosion in 1 M HCl in the presence of inhibitors tested (10 

mM). 

3.4. Effect of the inhibitor concentration (Adsorption Isotherm). 

2, 4-dinitrophenylhydrazine inhibitor as an example was used to study the effect of 

inhibitor concentration by weight loss method. Table 4 summarizes the (% I E) and (θ) values 
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for various concentrations of 2, 4-dinitrophenylhydrazine inhibitor in 1 M HCl obtained from 

the weight loss method.  

Table 4 indicates that the weight loss reduced and that the reduction of corrosion 

improved with a rise in the concentration of inhibitor. This phenomenon may be attributed to 

the fact that as the concentration increases, adsorption and surface coverage increase, and the 

surface is isolated easily from the liquid. It is obvious that the 2, 4-dinitrophenylhydrazine 

inhibitor concentration increases the Inhibition efficiency increases.  

Table 4. (% I E) and  (θ) values utilizing an aluminum weight loss method in a 1 M HCl aqueous solution in the 

absence and presence of different 2, 4-dinitrophenylhydrazine inhibitor concentrations for 24 hours. 

Inhibitor concentration (% I E) (θ) 

(0.01 M) 88.9 0.89 

(0.005 M)   63.7  0.64 

(0.0025 M)   40.6  0.41 

(0.00125M)   24.3  0.24 

(0.000625 M) 13.1  0.13 

 

Adsorption behavior can illustrate the mechanism of corrosion inhibition. Table 4 

results are graphically checked by fitting to various isotherms. A log θ vs. log C plot for the 

inhibitor used (Fig. 7) implies that this compound's adsorption on the surface of Al does not fit 

the Freundlich adsorption isotherm and that not obeys the relationship: log θ = log k + 1/n log 

C  

Another isotherm tested, and the equation used is the Langmuir Isotherm: 

C/θ = 1/K + C                                                                     (14) 

Plots of C/θ vs C are shown in Figure 8 for adsorption of the used inhibitor on the 

aluminum surface in 1 M HCl. The data are showing that this inhibitor is appropriate for 

Langmuir adsorption isotherm. 

 
Figure 7. Curve fitting of aluminum corrosion data in 1 M HCl for aluminum in the presence of various 

concentrations of 2, 4-dinitrophenylhydrazine inhibitor to Freundlich isotherm adsorption. 

 
Figure 8. Curve fitting of aluminum corrosion data in 1 M HCl in the presence of different 2, 4-

dinitrophenylhydrazine inhibitor concentrations to the Langmuir isotherm adsorption. 
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3.5. SEM analysis of the metal surface. 

Figure 9 (a, b) shows the SEM magnification picture (x 25000) of aluminum immersed 

in 1 M HCl for 24 hours in the absence and presence of 2, 4-dinitrophenylhydrazine inhibitor. 

The aluminum surface SEM micrographs in HCl without an inhibitor in Figure 9 (a) show the 

roughness of the metal surface, indicating Aluminum corrosion in HCl. Figure 9(b) indicates 

that the surface coverage increases in the presence of 0.5 mM of 2, 4-dinitrophenylhydrazine 

inhibitor, which in turn results in the formation of the adsorbed compound on the metal surface 

and the surface is covered by an inhibitor layer that effectively controls the dissolution of 

aluminum.  

 
Figure 9a. SEM magnification picture(x 25000) of aluminum immersed in 1 M HCl. 

 
Figure 9b. SEM magnification picture(x 25000) of aluminum immersed in 1 M HCl in the presence of 2, 4-

dinitrophenylhydrazine inhibitor. 

4. Conclusions 

Theoretical DFT calculations were conducted to investigate the reactivity parameters 

of Amine derivatives related to inhibition efficiency. All quantum chemical parameters 

describing the inhibition efficiency indicated the high capability of 2, 4-
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Dinitrophenylhydrazine as an effective surface coating for metal against corrosion. The 

obtained theoretical findings were in good accordance with the experimental results. Results 

obtained from the experimental data shown that Hydrazine Hydrate 80 %, o-phenylenediamine, 

and (E)-2((2-phenylhydrazono) methyl) phenol act as effective inhibitors of corrosion in HCl 

acid, but 2,4-Dinitrophenylhydrazine acts as the best one. Corrosion activity was hindered on 

the aluminum surface by adsorption of organic matter. The studied inhibitors effectively 

reduced the corrosion rate of aluminum in hydrochloric acid by physically adhering to the 

corroding metallic surface. The efficacy of the inhibition increases with an increase in o-

phenylenediamine concentration. The adsorption of o-phenylenediamine on Aluminum surface 

from 1M HCl obeys the Langmuir adsorption isotherm. The SEM images demonstrate the 

construction of the metal surface protective layer. Calculations of gasometric and weight loss 

inhibition efficiencies are in reasonable approval with one another 
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