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 ABESTRACT 
The corrosion inhibition characteristics of Thiophene oligomers  

on Aluminum has been studied using density functional theory 
(DFT) at the B3LYP/6-31G (d, p), to search the correlation 
between the molecular structure and corrosion inhibitor efficiency. 



The calculated energy of highest occupied molecular orbital 
(HOMO), lowest unoccupied molecular orbital (LUMO) and 
energy gap ( E = EHOMO- ELUMO) were calculated, quantum 
chemical parameters such as , the total amount of electronic charge 
transferred,( N) from the inhibitor to metallic surface, chemical 
softness ( ) and  chemical  hardness ( )  of  Thiophene oligomers 
were reported. The relationship between the inhibition efficiency 
and quantum chemical parameters has been discussed in order to 
elucidate the inhibition mechanism of these compounds. 
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1. Corrosion inhibitor 
Aluminium and its alloys constitute the most important 

material, after steel, for various different practical applications. 
The presence of an adherent and thin oxide layer onto 
aluminium, imparts high corrosion resistance in moderately 
corrosive media. However, in aggressive environments, the thin 
oxide film does not provide long-term corrosion resistance, 
resulting in localized attack of the substrate surface [1]. 
Therefore, different coating treatments of the aluminium surface 
are required to obtain major protection levels. A corrosion 
inhibitor is a chemical compound that, when added to a liquid or 
gas, decreases the corrosion rate of a material, typically a metal
or an alloy. The effectiveness of a corrosion inhibitor depends 
on fluid composition, quantity of water, and flow regime. A 
common mechanism for inhibiting corrosion involves formation 
of a coating, often a passivation layer, which prevents access of 
the corrosive substance to the metal. Permanent treatments such 
as chrome plating are not generally considered inhibitors, 



however. Instead corrosion inhibitors are additives to the fluids 
that surround the metal or related object. 

1.1Molecular orbital energies 
Highest occupied molecular orbital energy (EHOMO) and 

lowest unoccupied molecular orbital energy (ELUMO) are very 
popular quantum chemical parameters. These orbital's, also 
called the frontier orbital's, determine the way the molecule 
interacts with other species. The HOMO is the orbital that could 
act as an electron donor, since it is the outermost (highest energy) 
orbital containing electrons. The LUMO is the orbital that could 
act as the electron acceptor, since it is the lowest energy orbital 
that has room to accept electrons. According to the frontier 
molecular orbital theory, the formation of a transition state is due 
to an interaction between the frontier orbital's (HOMO and 
LUMO) of reactants [2]. The energy of the HOMO is directly 
related to the ionization potential and the energy of the LUMO is 
directly related to the electron affinity with the reverse in sign. 
The LUMO–HOMO gap, i.e. the difference in energy between 
the HOMO and LUMO, is an important stability index [3]. A 
large LUMO–HOMO gap implies high stability for the molecule 
in chemical reactions [4]. The concept of ‘‘activation hardness” 
has been also defined on the basis of the LUMO–HOMO energy 
gap. The qualitative definition of hardness is closely related to 
the polarizability, since a decrease of the energy gap usually 
leads to easier polarization of the molecule [5].

 The aim of this study 
The aim of this work is to perform a theoretical calculation on 

aluminum using DFT calculation by calculating EHOMO, ELUMO, E 
(ELUMO-EHOMO), softness, hardness, electron transfer from 



inhibitor to metal and electrophilicity, and comparing these items 
with the  experimental results. 

2- Results and discussion.
The thiophene Oligomers under investigation and there 
structures are shown in Scheme.1,          the energy  of the  frontier 
molecular orbital's, (EHOMO  and ELUMO ), the energy gap ( E),the 
chemical softness ( ),the chemical hardness ( ), and the fraction 
of the electron transferred ( N), and elecrophilicity index ( ), 
were calculated according to molecular orbital theory [6]. The 
EHOMO ) and ELUMO of the inhibitor are related to ionization 
potential(I) and electron affinity (A)  respectively , with reversed 
sign .  

I = - EHOMO ……….(1)

A = - ELUMO ……..(2)

The higher the HOMO energy the more reactive molecule in the 
reactions with electrophiles, whereas  lower LUMO The higher 
the HOMO energy the more reactive molecule in the reactions 
with electrophiles, whereas  lower LUMO energy is essential for 
molecular reactions with nucleophiles [7].     
Electronegativity  and chemical hardness  of the inhibitor are 
calculated according to the following formula: 

 = ( )    ……..(3)   

 = ( ………(4)

the global softness (  ) is the inverse of the chemical hardness 
[16]  

= ……….(5)



Electronegativity, hardness and softness have proved to be very 
useful quantities in the chemical reactivity theory. When two 
systems, metal and inhibitor, are brought in contact together, 
electrons will flow from lower ( ) inhibitor to higher ( ) metal, 
until the chemical potentials become equal. The fraction of 
transferred electronic charge ( N) from the inhibitor molecule to 
the metallic atom was calculated according to Pearson [8]. For a 
reaction of two systems with different electronegativities (as a 
metallic surface and an inhibitor molecule) the following 
mechanism will take place:  The difference in electronegativity 
drives the electron transfer, and the sum of the hardness 
parameters acts as a resistance [9]. The global  electrophilicity 
index was introduced by Parr et al. and is given by:   

 = ……….(6)

electronic flow will occur from the molecule with the lower 
electronegativity value toward that of higher value, until the 
chemical potentials are the same.
For N calculation, the following formula was used. [10]                    

N = …….(7)                

Where  metal and inh denote the absolute electronegativity of 
metal and inhibitor molecule respectively, metal and inh denote 
the absolute hardness of metal and the inhibitor molecule 
respectively , Where  represent the chemical potential and 
equal to the negative of electronegativity   [11].  According to 
the definition, this index measures the propensity of chemical 
species to accept electrons. 



Table1 Calculated HOMO-LUMO energies of the inhibitors
thiophene oligomers by DFT method. 

Compounds (eV)HOMOE (eV)LUMOE
Al -5.9857* -0.4328*

Thiophene 1 -6.4867 -0.4065 
Thiophene 2 -5.6146 -1.4800
Thiophene 3 -5.2739 -1.9402
Thiophene 4 -5.0978 -2.1935
Thiophene 5 -4.9933 -2.3522 
Thiophene 6 -4.9259 -2.4594
Thiophene 7 -4.8801 -2.5356
Thiophene 8 -4.8478 -2.5925
Thiophene 9 -4.8241 -2.6357
Thiophene 10 -4.8061 -2.6695

*From ref [15]. 

The energy of the highest occupied molecular orbital (EHOMO)
measures the tendency towards the donation of electron by a 
molecule [12]. High values of EHOMO have a tendency of the 
molecule to donate electrons to appropriate acceptor  molecules 
with low energy, empty molecular orbital. Therefore, higher 
values of EHOMO indicate better tendency towards the donation of 
electron. ELUMO indicates the ability of the molecule to accept 
electrons. The binding ability of the inhibitor to the metal surface 
increases with increasing of the HOMO and decreasing of the 
LUMO energy values. According to the frontier molecular orbital 
theory (FMO) of chemical reactivity, transition of electron is due 
to interaction between highest occupied molecular orbital 
(HOMO) and lowest unoccupied molecular orbital (LUMO) of 
reacting species [13]. EHOMO is a quantum chemical parameter 



which is often associated with the electron donating ability of the 
molecule. High value of EHOMO is likely to a tendency of the 
molecule to donate electrons to appropriate acceptor molecule of 
low empty molecular orbital energy [14]. The energies of HOMO 
and LUMO values of aluminum (Al) were compared to the values 
calculated for thiophene oligomers to determine the appropriate 
type of the interaction. The interaction energy of the HOMO- 
LUMO gap of aluminum- inhibitors thiophene oligomers are 
given in Table 2.    

Table2.HOMO-LUMO gap interaction of aluminum-inhibitors 
thiophene oligomers by DFT method. 

-Al(LUMO)
(eV)InhOMO)(H

-Inh(LUMO)
(eV)Al(HOMO)

Inhibitors 

6.0539 5.5792Thiophene 1 

5.18184.5057Thiophene 2

4.84114.0455 Thiophene 3

4.66503.7922Thiophene 4

4.56053.6335Thiophene 5

4.49313.5263Thiophene 6

4.44733.4501Thiophene 7

4.41503.3932Thiophene 8

4.39133.3500Thiophene 9

4.37333.3162Thiophene 10

1 Hartree = 27.21160665 eV

Aluminum will act as Lewis base and the inhibitors act as Lewis 
acid

The calculated quantum parameters are given in Table 3.   



Table 3. Calculated quantum chemical parameters for thiophene 
oligomers with Al using DFT method.

Thio
phen
e10

Thio
phen
e9

Thio
phen
e8

Thio
phen
e7

Thio
phen
e6

Thio
phen
e5

Thio
phen
e4

Thio
phen
e3

Thio
phen
e2

Thio
phen
e1 

Qua
ntu
m

para
met
ers 

-
4.806

1

-
4.82
41

-
4.84
78

-
4.88
01

-
4.92
59

-
4.99
33

-
5.09
78

-
5.27
39 

-
5.61
46

-
6.48
67

HOE
MO

-
2.669

5

-
2.63
57

-
2.59
25

-
2.53
56

-
2.45
94

-
2.35
22

-
2.19
35

-
1.94
02

-
1.48
00

-
0.40
65

LUE
MO

2.136
6

2.18
84

2.25
53

2.34
45

2.46
65

2.64
11

2.90
43

3.33
37 

4.13
46

6.08
02

Eg
ap

4.806
1

4.82
41

4.84
78

4.88
01

4.92
59

4.99
33

5.09
78

5.27
39

5.61
46

6.48
67I

2.669
5

2.63
57

2.59
25

2.53
56

2.45
94

2.35
22 

2.19
35

1.94
02

1.48
00

0.40
65

A

3.737
8

3.72
99

3.72
02

3.70
79

3.69
27

3.67
28

3.64
57

3.60
71

3.54
73

3.44
66X

1.068
3

1.09
42

1.12
77

1.17
23

1.23
33

1.32
06

1.45
22

1.66
69

2.06
73

3.04
01

 

0.936
1

0.068
7

0.91
39

0.06
73

0.88
68

0.06
54

0.85
30

0.06
31

0.81
08

0.06
03

0.75
72

0.05
66

0.68
86

0.05
16

0.59
99

0.04
48

0.48
37

0.03
49

0.32
89

0.02
04

 
N

6.538
9 

6.35
72

6.13
63

5.86
439

5.52
83

5.10
73

4.57
62

3.90
28

3.04
34

1.95
37

 

= 2.7764 eV         Al= 3.2093 eV            Al 

gap The energy gap (Table 3), ( E = ELUMO – EHOMO) is an 
important parameter, as a function of reactivity of the inhibitor 
molecule towards the adsorption on the metallic surface. As E 
decreases the reactivity of the molecule increases, lower values 



of the energy difference will render good inhibition efficiency 
[16].  Ionization energy is a fundamental descriptor of the 
chemical reactivity of atoms and molecules. High ionization 
energy indicates high stability and chemical inertness and low 
ionization energy indicates high reactivity of the atoms and 
molecules [17]. The low ionization energy indicates the high 
inhibition efficiency. Absolute hardness and softness are 
important properties to measure the molecular stability and 
reactivity. It is apparent that the chemical hardness 
fundamentally signifies the resistance towards the deformation 
or polarization of the electron cloud of the atoms, ions or 
molecules under small perturbation of chemical reaction. A hard 
molecule has a large energy and a soft molecule has a small 
energy gap [18].

Normally, the inhibitor with the least  

value of global hardness (hence the highest value of global 
softness) is expected to have the highest inhibition efficiency 
[19].                                                                                                      The 
global electrophilicity index measures the propensity of 
chemical species to accept electrons. A good, more reactive, 
nucleophile is characterized by lower value of ( ) and 
conversely a good electrophile is characterized by a high value 
of ( ). This new reactivity index measures the stabilization in 
energy when the system acquires an additional electronic charge 

N from the environment [20].From these calculations it can be 
seen that the energy gap ( E), ionization  energy (I) and 
hardness ( ) decrease with increasing in the number of 
thiophene molecules while the electron affinity (A), 



electronegativity ( ), softness ( ), electrophilicity ( ) and ( N) 
increase with increasing in the number of thiophene molecules.   

CONCLUSIONS 
It can be concluded  that thiophene oligomers can be a good 
inhibitors for aluminum  The adsorption of the inhibitor on the         

metal surface is spontaneous. This study, thus displays a good 
correlation between theoretical and experimental data which 
confirm the reliability of the DFT method to study the inhibition 
corrosion of metal surface

The energy gap (Table 3), 
) is an HOMOE–LUMOE( E = 

important parameter, as a 
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Scheme1.The optimized molecular structures of thiophene oligomers 
under investigation are given in Figures (1-10).
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