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Abstract  

The plant extracts are biodegradable, eco-

friendly, cheap, readily available, non-toxic 

and easily assessable source of material which 

can be used as corrosion inhibitor for 

Aluminium Alloy in acidic medium. The effect 

of the plant was investigated by theoretical 

method. Highest occupied molecular orbital 

(HOMO), lowest unoccupied molecular orbital 

(LUMO), dipole moment, ionization energy, 

electron affinity, electronegativity, chemical 

potential, global hardness, mulliken charges on 

heteroatoms were calculated and interpreted. 

Quantum chemical calculations revealed the 

adsorption of molecules onto the surface of the 

Alloy.  

Key words: Aluminium Alloy, corrosion 

inhibition, plant extracts, quantum chemical 

calculations.  

Introduction 

Industrial facilities exposed to corrosion are 

often protected against corrosion by adopting 

several options including painting, oiling, 

material improvement, cathodic and anodic 

improvement, etc. however, the use of 

inhibitors has been found to be the best option 

available for the protection of metals and 

alloys against corrosion. [1-3]. most inhibitors 

are organic compounds whose inhibition 

potentials can be correlated with their chemical 

structure. However, some of them are toxic, 

non-degradable and non-ecofriendly [4-8]. on 

the other hand, green corrosion inhibitors are 

biodegradable and do not contain heavy metals 

or other toxic compounds. The successful use 

of naturally occurring substances to inhibit the 

corrosion of metals in acidic environment have 

reported by some research groups [8-13]. 

The active phytochemicals in plants that are 

effective for corrosion inhibition can be 

regarded as these with heteroatom in their 

aromatic of long chain. Possession of π-

electrons or suitable groups may also facilitate 

the transfer of charge from the inhibitor 

molecules to the charge metal surface 

(physiosorption) of the transfer of electron 

from the inhibitor molecule to the vacant d-

orbital of the metal (chemisorption) [14-16]. 

The active constituents of the extracts used 

shown in fig. 1 

Experimental  

The electronic structure of compounds from 

the extracts including the distribution of the 

frontier molecular orbital EHOMO and ELUMO, 

fukui indices were assessed with a view to 

establish the active sites as well as local 

reactivity of the molecule. The simulation 

were performed by means of density functional 

theory (DFT) electronic program Dmol3 using 

mulliken and hirsheld population analysis of 

the electronic structures and energetic of the 

molecules using DFT. Local reactivity of the 

studied compounds was analyzed by means of 

the fukui indices (FI) to assess sites of 

nucleophilic and electrophilic attack [24-27]. 

The quantum chemical parameters obtained 

were EHOMO, ELUMO, EHOMO-ELUMO, dipole 

moment etc. 
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Results and discussion 

Quantum chemical calculation were carried out 

in order to investigate adsorption and 

inhibition mechanism of various inhibitor 

molecules in the extract. Figure I show full 

geometry optimization of the inhibitor 

molecules with mulliken charges. The frontier 

molecular orbital (FMO) density distributions 

of the inhibitor molecules present in plant 

extract are shown in Figure I and II. Frontier 

orbital theory is useful in predicting adsorption 

centers of the inhibitor molecules responsible 

for the interaction with surface atom.

 

Table I: Calculated quantum chemical of the studied inhibitor 

Active constituent   HOMO   LUMO  ∆E Dipole moment(µ) 

1. Trichloroacetic acid -11.978  -0.964 11.014 -6.471 

2. 4-tridecyl ester   -11.123  0.752 10.371 -5.937 

3. Triflouroacetate   -12.522  -0.0273 12.249 -.3975 

4.Dodecyl acrylate  -10.946  0.1210 11.067 -5.4125 

5. 3-hydrocarbonfuran  -9.119  0.0920 9.2110 -4.5135 

6. 13,16-octadecadynoic acid  -9.590  0.970 10.560 -4.3100 

 

Fig I: Optimized structures of the active constituents of the inhibitor   

1.  2.        

  

 

 

 

 

 Optimized trichloroacetic acid   Optimized 4-tridecyl ester 

3. 

 

 

 

Optimized triflouroacetate  

 

4.      5. 

 

Optimized Dodecyl acrylate    Optimized 3-hydrocarbonfuran 
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6. 

 

 

 

 

 

 

 

 Optimized 13,16-octadecadynoic acid. 

Fig II: HOMO and LUMO structures of the active constituents of the inhibitor. 
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13,16-octadecadynoic acid HOMO    13,16-octadecadynoic acid LUMO 

 

Excellent corrosion inhibitors are usually those 

compounds who not only offer electrons to 

unoccupied orbital of the metal, but also accept 

free electrons from the metal. It is important to 

focus on the parameters that directly influence 

the electronic interaction of the inhibitor 

molecules with the metal surface. These are 

mainly; EHOMO, ELUMO ∆E and dipole moment. 

The values of these parameters of the plant 

extracts are listed in table 1. Higher values of 
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the EHOMO facilitates adsorption (and therefore 

inhibition) by influencing the transport process 
through the adsorbed layer. Therefore, the 

energy of the ELUMO indicates the ability of the 

molecules to accept electrons, hence these are 

the acceptor states.  

The lower the values of ELUMO, the more the 

probability of the molecule to accept electron. 

As for the values of ∆E, lower values of the 

energy difference will cause higher inhibition 
efficiencies because the energy to remove an 

electron from the last occupied orbital will be 

low. For the dipole moment, higher values of it 

will favor strong interaction of the inhibitor 

molecules with the metal surface and lower 

values favor the accumulation of the inhibitor 

molecule around the electrode surface.  

Quantum chemical parameters presented in 
table Iconfirmed strong interaction of the 

extracts molecules with the metal surface and 

therefore forming protective layer at 

Aluminium Alloy/acid solution interface.  

Mechanism of inhibition 

The inhibition of the plant extracts on the 

surface of Aluminium Alloy depends on 

several factors such as the no of adsorption 

sites , molecular size and mode of interaction 

with the metal surface. The neutral molecules 

may be adsorbed on the surface of Aluminium 

Alloy through chemisorptions mechanisms. 

The inhibitor molecules can also adsorb on the 

surface of Alminium alloy on the basis of 

donor-acceptor interaction between π-electrons 
of the aromatic ring and vacant d-orbitals of 

the surface Aluminium atoms.  

Conclusion 

The inhibitors studied had an excellent 
inhibition effect for the corrosion of 

Aluminium Alloy in acidic medium. The high 

inhibitionefficiencies were attributed to the 

adherent adsorption of the inhibitor molecule 

of Aluminium Alloy surface.  

2. Quantum chemical approach is adequately 

sufficient to predict the structure and molecule 
suitability to be an inhibitor.  
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