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A b s t r a c t   A r t i c l e  I n f o  

The adsorption mechanism and inhibition performance of two benzenthiol derivatives 

benzenthiol (BT) and 4-mehtyl-benzenthiol (4-M) and 4-isopropylbenzenthiol (4Iso) 

were investigated as corrosion inhibitors using semiempirical methods (AM1 and PM3) 

and ab-nitio (HF). The result showed that the theoretically calculated order was found to 

be in close agreement with the experimental order. The calculated quantum chemical 

parameters correlated to the inhibition efficiency are HOMO energy level (highest 

occupied molecular orbital energy), LUMO energy level (lowest unoccupied molecular 

orbital energy), the energy gap (ΔE), hardness (η), electrophilicity (ω). 
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Introduction 

 

Copper is one of the most important material used widely 

in different industries, especially in central heating 

installations, oil refiners, energetic and marine environment 

because of its excellent conductivity, good mechanical 

workability and relatively low cost and reactivity. It is 

relatively a noble metal; however, it is susceptible to 

corrosion by acids and strong alkaline solutions. The use of 

inhibitors is one of the most practical methods for 

protecting metals or alloys from corrosion. Inhibitors are 

chemicals that often work by adsorbing themselves on the 

metallic surface by forming a film (Noor, 2008; Ebenso et 

al., 2008; Oguzie, 2006). Organic compounds containing 

polar groups including nitrogen, sulfur, and oxygen 

(Otmacic et al., 2004; Ma et al., 2002; Wang et al., 2004; 

Kendig and Jeanjaquet, 2002; Ma et al., 2003), and 

heterocyclic compounds with polar functional groups and 

conjugated double bonds (Elmorsi and Hassanein, 1999; 

Al-Kharafi, 1988; Scendo et al., 2003) have been reported 

to inhibit copper corrosion. The inhibiting action of these 

organic compounds is usually attributed to their 

interactions with the copper surface via their adsorption. 

Even though many synthetic organic compounds showed 

good anticorrosive activity, most of them are highly toxic 

to both human beings and the environment. Presently, 

many researchers have reoriented their studies to the use of 

naturally occurring substances. Naturally occurring 

substances are cheap and renewable, biodegradable and do 

not contain heavy metals or other toxic chemicals and are 

therefore eco-friendly and hence ecologically acceptable. 

Most efficient inhibitors are organic compounds containing 

electronegative functional groups and π-electrons in triple 

or conjugated double bonds. The remarkable inhibitory 

effect is reinforced by the presence of heteroatom such as 

sulphur, nitrogen and oxygen in the ring which facilitates 

its adsorption on the metal surface following the sequence 

O < N < S (Obot et al., 2009).  
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Researchers concluded that the adsorption on the metal 

surface depends mainly on the physicochemical 

properties of the inhibitor group, such as the functional 

group, molecular electronic structure, electronic density 

at the donor atom, π orbital character and the molecular 

size (Obot and Obi-Egbedi, 2008a; Obot and Obi-

Egbedi, 2008b; Ju et al., 2008; Quraishi et al., 1997). The 

reaction mechanism includes the transfer of one pair of 

electrons from the organic compound, and the formation 

of the coordinate covalent bond with metal or an alloy 

(Growcock, 1989). Under such conditions, for a given 

metal, the effiency of the inhibitor depends on the 

stability of the formed chelate and the inhibitor molecule 

should have centers, which are capable of forming bonds 

with metal surface via the electron transfer. In this way 

the metal acts as an electrophile, where as the inhibitor 

molecule acts as a Lewis base, whose nucleophile centers 

are normally hetero atoms with free electron pairs which 

are readily available for the sharing to form a bond. 

Recently, theoretical prediction of the efficiency of 

corrosion inhibitors has become very popular in parallel 

with the progress in computational hardware and the 

development of efficient algorithms which assisted the 

routine development of molecular quantum mechanical 

calculations (Domenicano and Hargittai, 1992).  
 

The semiempirical and ab-nitio methods of calculation 

have been used in most successfully completed studies in 

which the calculated quantum chemical properties are 

used enables the correlation of the obtained data with 

inhibitor efficiency (Bereket et al., 2001; Lukovits et al., 

2001). The electronic properties of the inhibitors, the 

effect of the highest occupied molecular orbital (HOMO) 

and the lowest unoccupied molecular orbital (LUMO) 

energies, the difference between highest occupied 

molecular orbital and lowest unoccupied molecular 

orbital energies (ELUMO-EHOMO), charge on the reactive 

center had to be investigated to achieve the appropriate 

correlation (Quraishi et al., 1996; Al-Mayouf et al., 

1998). Benzothiazoles have been used as corrosion 

inhibitors for copper (Sankarapapavinasam and Ahmed, 

1992). Thiazole derivatives are proved to be effective in 

protecting copper corrosion in acidic sulfate containing 

medium. 

 

Materials and methods 

 

Method of calculations 

 

Theoretical calculations were carried out by using 

semiemperical (AM1, PM3) and ab-nitio (HF) in Gamess 

program attached with BiochemOffice-2008. The 

experimental data taken from the publication literature 

(Elmorsi and Hassanein, 1999). Fig. 1 shown below is 

the optimized structure of benzenthiol and derivatives. 

Benzenthiol (BT) 

 

 
4-mehtyl-benzenthiol (4-M) 

 

 
4-isopropylbenzenthiol (4-iso) 

 

Fig. 1: Optimized structure of benzenthiol derivatives  

 

Results and discussion 

 

Relationships between inhibition efficiency and the 

global quantum chemical parameters The inhibition 

efficiency of the compounds depends on many major 

factors such as the number of adsorption active centers in 

the molecule and their HOMO and LUMO energy level, 
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the energy gaps ∆E , Hardness, electro  potential 

chemistry and Global electrophilicity. The substitute 

effect on the copper inhibition of the benzenthiol 

compounds. The algebraic values of this quantity are 

given in Tables 1, 2 and 3 and the experimental data are 

given in Table 4. 
 

Table 1.  Physical parameter by using HF method for inhibitor corrosion. 

Comp. HOMOenergy LUMOenergy ∆E µ η   

4-iso -0.2939 0.1339 0.4278 -0.08 0.2139 0.01496 

4-M -0.3035 0.1296 0.4331 -0.08695 0.21655 0.017456 

BT -0.3132 0.1335 0.4467 -0.08985 0.22335 0.018073 

 

Table 2. Physical parameter by using PM3 method for inhibitor corrosion. 

Comp. HOMOenergy LUMOenergy ∆E µ η   

4-iso -0.3151 -0.0009 0.3142 -0.0627 -0.158 0.079453 

4-M -0.3186 -0.0025 0.3161 -0.16055 -0.15805 0.081545 

BT -0.3186 -0.0006 0.318 -0.3554 -0.1596 0.091756 

 

Table 3. Physical parameter by using AM1 method for inhibitor corrosion. 

Comp. HOMOenergy LUMOenergy ∆E µ η   

4-iso -0.311 0.0062 -0.3172 -0.1524 0.1586 0.073221 

4-M -0.3131 0.0074 -0.3205 -0.15285 0.16025 0.072896 

BT -0.3119 0.0087 -0.3206 -0.1516 0.1603 0.071686 

 

Table 4. Experimental data for inhibition efficiency of benzenthiol derivative.  

Compound BT 4-M 4-iso 

IE% 74.39 82.53 86.47 

 

HOMO is the high orbital molecular occupied measures 

the tendency toward the donation of electron by 

amolecule (Obot and Obi-Egbedi, 2008b). Therefore 

higher values of HOMO energy indicate better tendency 

toward the donation of electron, enhancing the 

adsorption of the inhibitor on copper and therefore better 

inhibition efficiency. LUMO energy is the ability of the 

molecule to accept electron. The binding ability of the 

inhibitor to the copper surface increase with increasing of 

the HOMO (Quraishi et al., 1997) but not found 

relationship between the LUMO and inhibition 

efficiency, that indicate don’t  transfer the electron from 

metal to inhibitors compounds.  

 

The energy gap ΔE (ΔE = LUMOenergy – HOMOenergy) is 

an important parameter as a function of reactivity of the 

inhibitor molecule towards the adsorption on the metallic 

surface. As ΔE decreases the reactivity of the molecule 

increases leading to increase in the %IE of the molecule. 

Lower values of the energy difference will render good 

inhibition efficiency, because the energy to remove an 

electron from the last occupied orbital will be low (Obi-

Egbedi et al., 2011). A molecule with a low energy gap is 

more polarizable and is generally associated with the 

high chemical activity and low kinetic stability and is 

termed soft molecule (Obot et al., 2009). The results as 

indicated in Table 1 shows that inhibitor 4-iso has the 

lowest energy gap, this means that the molecule could 

have better performance as corrosion inhibitor. 

 

Hardness is 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 gap (Antonijevic and Petrovic, 2008). The 

hardness was calculated by using following low: 

 

 

( )
2

E N E R G Y E N E R G Y

L U M O H O M O

H ard n e ss 


 …………….…..(1) 
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In our present study 4-iso with low hardness value. 

compared with other compound have a low energy gap. 

Normally, the inhibitor with the least value of global 

hardness is expected to have the highest inhibition 

efficiency (El Ashry et al., 2006). 
 

Calculated the electro potential chemistry by using 

following low: 
 

Electro Potential Chemistry 

(µ)
2

E N E R G Y E N E R G Y

L U M O H O M O

 …….. (2) 

 

Furthermore calculated Global Electrophilicty Index by 

using Electro potential chemistry and Hardness in 

fowling low: 

 

Global Elactrophilicity Index 
2

µ
( )

2






…………………. ……..(3) 

 

The electrophilicity index ω, shows the ability of the 

inhibitor molecules to accept electrons. It is a measure of 

the stabilization in energy after a system accepts 

additional amount of electron charge from the 

environment. The Tables 1, 2 and 3 shows the order of 

Electrophilicity as BT > 4-m > 4-iso. 
 

Conclusion 
 

It has been noticed that the quantum parameters confirm 

with the experimental data in all methods of calculation 

(AM1, PM3 and HF) in the order, except the HOMO in 

AM1 method. The inhibition efficiency of benzenthiol 

derivatives obtained Quantum chemically increase with 

the increase in HOMO energy, and decrease in energy 

gap (ΔE). The 4-iso has the highest inhibition efficiency 

because it had the highest HOMO energy. The inhibition 

efficiency order did not depend on LUMO energy level. 

The parameters like hardness (η), electro potential 

chemistry (µ) and global electrophilicity (ω) confirms 

the inhibition efficiency is in the order. 
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