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ABSTRACT 

The purpose of this study was to investigate using density functional theory (DFT) whether the 

general trend of inhibition efficiency, which is in the order of O<N<S, and increased inhibition as 

the number of heteroatoms increases, holds true under all conditions. Sixteen organic compounds 

which consisted of N, O, and S atoms in different combinatory ratios were used and were studied 

using B3LYP level of theory and 6-31G(d,p) basic set with iron being the metal of consideration.  

It was found that the order O<N<S only applies to single heteroatom configurations, increasing the 

number of heteroatoms does not always result in increased inhibition, and O played a significant 

role in improving a compound’s inhibition efficiencies. The multiple heteroatom configuration was 

in the order of O and N < N and S < O and S, resulting in an order trend of inhibition efficiencies 

of N<O< S.  Therefore, a compound with more O or S and less N atoms would thus be a better 

corrosion inhibitor. 
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Introduction 

Despite being natural, the corrosion process of metals especially steel has been observed to be 

minimized by employing various methods, one of which is the use of chemical inhibitors [1-

7]. Their practicability as well as their economic and environmental implications has increased 

the popularity of chemical inhibitors as corrosion combatant agent [8-11]. Chemical inhibitors 

are chemical substances that reduces drastically the rate of metal corrosions when added in 

small quantities and they can be either organic or inorganic with organic inhibitors surpassing 

inorganic inhibitors in popularity [12,13]. Organic compounds containing heteroatoms such as 

Nitrogen, (N), Oxygen, (O), and Sulphur, (S), have recently aroused the interest of researchers 

because they have been reported to be effective corrosion combatant agents. Furthermore, 

complex molecules with more than one heteroatom in their structure are said to be the more 

effective corrosion inhibitors [14-17], this has led to a surge of investigations into molecules 

with more than one heteroatom in their structure [18-50]. The use of theoretical and 

computational chemistry has enabled experts to make sense of why most compounds act the 

way they do. These strategies are often used as a guide to finding solutions to important human 

challenges, and have been employed effectively in drug discovery and materials science. Each 

structure bears information that discloses its reactivity; using this data can help with the design 

of inhibitors. Recently, density functional theory (DFT), a dependable and inexpensive method, 

has been used to examine the molecular activity and interaction of adsorbates with metal 

surfaces. The advantage of this approach is that it provides relatively simple information about 

the interactions between corrosion inhibitors and metal surfaces. It is efficient and cost-

effective in developing novel corrosion in1hibitor molecules for use in a variety of corrosion 

systems for domestic and industrial applications, and it is effective in revealing the impact of 

minor structural changes in compounds on their inhibition efficiency [14]. It is hypothesized 

that N, O and S heteroatoms possess a decreasing inhibitory potential in the order of S>N>O, 

and that two of these heteroatoms combined are more potent inhibitors than just one [14,51-

53]. These ideas have resulted in a significant amount of research into the synthesis of 

compounds containing larger numbers of heteroatoms being done by the scientific community. 

So, does the level of inhibition necessarily increase with a greater amount of heteroatoms? This 

inquiry is what initiated the necessity for this study, whose purpose is to use Density Function 

Theory (DFT) to answer this question and also see if the empirical rule of organic inhibitors 

with heteroatoms N, O   and S holds true in all instances. This should then be a guide for finding 

chemical inhibitors for corrosion prevention. 
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Methodology  

Presentation of molecules used 

The experiment used sixteen molecules to investigate the effect of multiple heteroatoms on the 

efficacy of inhibition. Three molecules had one heteroatom, three had two heteroatoms, seven 

had three heteroatoms, and three had more than three heteroatoms. These molecules were 

drawn using the chemdraw software and obtained from the pubchem database 

(https://pubchem.ncbi.nlm.nih.gov) (Figure 1).  

 

Figure 1:  Organic compound structures containing heteroatoms N, O, and S in various combinations  
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Computational Methodology 

Density functional theory has been demonstrated to be an effective technique when assessing 

the capability of compounds as possible efficient corrosion inhibitors. The computation was 

conducted by utilizing the hybrid functional B3LYP/6-31G(d,p) level of theory with the aid of 

the Gaussian 09w software [54]. 

 The optimization resulted in the acquisition of the frontier molecular orbitals values: the 

energy of the highest occupied molecular orbital (EHOMO) and the energy of the lowest 

unoccupied molecular orbital (ELUMO) which were then used to calculate other parameters. 

The global parameters that were used  were the ionization potential (I), electron affinity (A), 

electronegativity (χ), chemical potential (μ), global hardness (η), global softness (σ), 

electrophilicity index (ω), the amount of electron transferred (ΔN) and the energy of back 

donation (ΔEb-d).  From the Koopmans' theorem, these parameters are related to the values of 

the energies of the frontier molecular orbital and the equations that display these connections 

are given as follows: 

ΔΕgap = ΕLUMO - EHOMO     1 

Electron affinity (A) = - ΕLUMO    2 

Ionization potential (I) = - EHOMO    3 

Electronegativity (χ) =  -μ = 
I + A

2
    4 

Hardness (η ) =  = 
I− A

2
     5 

Softness (σ)  = 
1

𝜂
     6 

Electrophilicity (ω) = 
𝜒2

2𝜂
     7 

Energy of back donation (ΔEb-d) = −
𝜂

4
   8 
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Furthermore, charge transfer between the corrosion inhibitor and the metal is driven by the 

difference in their electronegativities (and chemical potentials) when in contact until a chemical 

potential balance is achieved [55].  

The number of electrons transferred (ΔN) is determined by 

ΔN= 
𝜒𝐹𝑒−𝜒𝑖𝑛𝑏

2(𝜂𝐹𝑒+𝜂𝑖𝑛𝑏)
      9 

Where χFe = 7 ev and ηFe = 0 ev 

Analyzing local reactivity of compounds can be assisted by calculating local parameters, which 

is based on the Fukui function and condensed local softness suggested by Yang and Parr [56], 

in addition to Yang and Mortier [57]. The condensed Fukui function was estimated by 

employing the atomic charges of the atoms in the compounds and a finite difference 

approximation was implemented as illustrated below: 

𝑓+ = [𝑞(𝑁 + 1) − 𝑞(𝑁)]  for nucleophilic attack  10 

𝑓− = [𝑞(𝑁) − 𝑞(𝑁 − 1)] for electrophilic attack  11 

Where q was used to represent the charges of an atomic site in the neutral (N), anionic (N + 1), 

when a molecule accepts electron, and cationic (N – 1), when it loses an electron.  

The dual descriptor (Δf) now better explains which site is preferable for electrophilic or 

nucleophilic attack. This descriptor specifies the type of attack that each atom in a compound 

is highly susceptible to and it is given as 

𝛥𝑓 = 𝑓+ − 𝑓−
      12 

Results and Discussion 

The frontier molecular orbital (FMO) theory is an important theory always considered when 

studying chemical reactivity of compounds. The FMO which is made of the Highest Occupied 

Molecular Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) gives an 

insight into how electrons interact with various orbitals. [51]. A major assumption made was 

the fact that an increase in the number of heteroatoms would lead to an increase in the FMO 
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distribution, this was not the case as presence of multiple heteroatoms had no effect on the 

FMO distribution (Figure 2)  

 

Figure 2: HOMO and LUMO distribution of compounds 
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The HOMO is related to charge transfer, while the LUMO is related to charge acceptance 

[47,49]. High values of the HOMO energy implies that a molecule can donate electrons with 

ease to congruent molecules of low energy vacant molecular orbitals which have been said to 

increase adsorption and inhibition efficiency [20,48]. The values of EHOMO for the compounds 

are shown in Table 1. Compounds with the presence of single heteroatom had EHOMO values 

that were in the order of 2 > 3 > 1, while compounds that consisted of double heteroatoms had 

EHOMO values that were observed to be in the order of 4 > 6 > 5 while compounds that possessed 

triple heteroatoms had EHOMO values that were in the order of 9 > 11 > 7 > 8 > 10 > 12 > 13, 

with compounds composed of more than three heteroatoms being in the order of 14 > 15 > 16. 

Lower LUMO energy (ELUMO) implies better electron acceptance potential. Compounds with 

the presence of single heteroatom had ELUMO values that were in the order of 3 < 1 < 2, while 

compounds that consisted of double heteroatoms had ELUMO values that were observed to be in 

the order of 6 < 5 < 4 while compounds that possessed triple heteroatoms had ELUMO values 

that were in the order of 13 < 12 < 10 < 8 < 7 < 9 < 11, with compounds of more than three 

heteroatoms being in the order of 14 < 15 < 16. 

Table 1:  EHOMO, ELUMO, ΔEGap, I and A quantum chemical descriptors in gas phase 

 EHOMO((eV) ELUMO(eV) ΔEGap(eV) I(eV) A(eV) 

1 -6.35657 1.210904 7.567469 6.356565 -1.2109 

2 -6.0469 1.508324 7.555224 6.046901 -1.50832 

3 -6.24609 0.862055 7.108142 6.246087 -0.86205 

4 -6.20718 1.361927 7.569102 6.207175 -1.36193 

5 -6.38133 0.823687 7.205015 6.381328 -0.82369 

6 -6.34677 0.81117 7.157939 6.346769 -0.81117 

7 -6.38813 0.926273 7.314404 6.388131 -0.92627 

8 -6.54786 0.742869 7.29073 6.547861 -0.74287 

9 -6.33507 0.955117 7.290186 6.335068 -0.95512 

10 -7.08773 0.620146 7.70788 7.087734 -0.62015 

11 -6.36827 1.285191 7.653457 6.368266 -1.28519 

12 -7.19086 -0.6011 6.589766 7.190865 0.601098 

13 -7.18052 -0.91838 6.262142 7.180524 0.918382 

14 -7.10569 -0.74994 6.355749 7.105693 0.749944 

15 -7.21508 -0.58287 6.632216 7.215083 0.582867 

16 -6.98052 -0.33688 6.643645 6.980521 0.336876 

The ionization potential (I) and electron affinity (A) for molecules are quantum descriptors that 

are determined from orbital energies of optimized molecules using the Koopmans theorem. 

This theorem equates I as the negative of the EHOMO and A as the negative of the ELUMO. Higher 

value of ionization potential is said to be associated with high stability and chemical inertness 

making lower values preferred for good inhibitors [58], making 2, 4, 9 and 16 compounds of 
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probable best inhibition efficiency for single, double, triple and more than three heteroatoms 

containing compounds.  Higher values of electron affinity imply better inhibition, because this 

parameter provide information on a molecules ability to accept electrons. Based on electron 

affinity compounds 3, 6, 13 and 14 are better inhibitors for single, double, triple and more than 

three heteroatoms containing compounds. Chemical potential (μ) and electronegativity (χ) are 

of equal and opposite magnitudes (negatives of each other). Compounds with low chemical 

potential and high electronegativity values quickly reaches quantization [58]. Higher values of 

chemical potential and lower values of electronegativity are suggested for inhibitors, giving an 

order of 3<1<2, 5<6<4, 13<12<10<8<7<9<11 and 14<15<16 for single, double, triple and 

more than three heteroatoms containing compounds. Hardness (η) and softness (σ) are 

descriptors that provide information about the likelihood of a molecule to interact with a metal 

surface. These descriptors have an inverse relationship with one another. Generally, more 

reactivity is anticipated from softer molecules which increase their potential as effective 

corrosion inhibitors [19,20]. The classification of compounds under study based on global 

hardness and softness as related to inhibition efficiency is in the order of 3>2>1, 6> 5> 4, 

13>12>10>8>7>9>11 and 14>16>15 for one, two, three and above three heteroatom 

containing compounds (Table 2).  

Table 2: χ, μ, η, σ, ω, ΔEb-d and ΔN quantum chemical descriptors in gas phase 
 χ(eV) μ(eV) η(eV) σ(eV) ω(eV) ΔEb-d(eV) ΔN 

1 2.572831 -2.57283 3.783735 0.264289 0.874725 0.945934 0.585026 

2 2.269288 -2.26929 3.777612 0.264717 0.681604 0.944403 0.626151 

3 2.692016 -2.69202 3.554071 0.281367 1.019528 0.888518 0.606063 

4 2.422624 -2.42262 3.784551 0.264232 0.775403 0.946138 0.604745 

5 2.77882 -2.77882 3.602507 0.277584 1.071732 0.900627 0.585867 

6 2.7678 -2.7678 3.578969 0.27941 1.070241 0.894742 0.59126 

7 2.730929 -2.73093 3.657202 0.273433 1.019628 0.914301 0.583653 

8 2.902496 -2.9025 3.645365 0.274321 1.155506 0.911341 0.562016 

9 2.689975 -2.68998 3.645093 0.274341 0.992563 0.911273 0.591209 

10 3.233794 -3.23379 3.85394 0.259475 1.356718 0.963485 0.488618 

11 2.541538 -2.54154 3.826729 0.26132 0.843986 0.956682 0.582542 

12 3.895981 -3.89598 3.294883 0.303501 2.30337 0.823721 0.471036 

13 4.049453 -4.04945 3.131071 0.31938 2.618604 0.782768 0.471172 

14 3.927819 -3.92782 3.177875 0.314676 2.427371 0.794469 0.48337 

15 3.898975 -3.89897 3.316108 0.301558 2.292145 0.829027 0.46757 

16 3.658699 -3.6587 3.321822 0.30104 2.014869 0.830456 0.502932 

 

Fraction of electron transferred (ΔN), energy of back donation (ΔEb-d) and electrophilicity (ω) 

are now becoming important parameters in describing chemical reactivity of molecules [59]. 

This is because of their relationship with other important parameters of chemical reactivity like 

hardness/softness and chemical potential/electronegativity [31,43]. The fraction of electron 
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transferred provides useful information on the potential of adsorption of an inhibitor. It also 

gives an insight on molecules ability to donate and bind to metal surfaces. Higher values of ΔN 

implies higher probability of interaction of molecules with metal surfaces, which in turn leads 

to better adsorption and inhibition [55]. Based on fraction of electron transferred, the chemical 

reactivity of the compounds under study are expected to be in the order of 2>3>1, 4>6>5, 

9>7>11>8>10>12=13 and 16>14>15 for single, double, triple and more than three heteroatoms 

containing compounds. The energy of back donation (ΔEb-d) on the other hand provides 

information about the energy that is required to cause an electron transfer from the metal 

surface back to the inhibitor. Lesser values are encouraged as they imply better inhibition and 

the order of probable inhibition efficiency is in the order of 3>2>1, 6>5>4, 

13>12>9=8>7>11>10 and 14>15>16 for single, double, triple and more than three heteroatoms 

containing compounds. While the electrophilicity (ω) is now becoming a preferred parameter 

for prediction and description of chemical reactivity than other parameters because it takes into 

consideration the electronegativity/chemical potential and softness of the compound [20]. 

Having high electrophilicity index values implies having a high tendency to act as an 

electrophile and signifies better inhibition [55], thus having an order of 3>1>2, 5=6>4, 

13>12>10>8>7>9>11 and 15>14>16 for single, double, triple and more than three heteroatoms 

containing compounds. Because inhibitors are expected to be constantly exposed to the 

environment, the geometry of the compounds were also optimized in solution. Solvation had 

no effect on the geometry of the compounds because the bond lengths of the compounds were 

not altered however, solvation had a significant impact on the FMO distribution of the 

compounds. This is not surprising given that the corrosion process has nothing to do with a 

compound's physical properties and everything to do with its chemical and electronic 

properties. 

Figure 3:  Distribution of HOMO and LUMO in single heteroatom compounds in vacuum and 

solvent 
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The FMO distribution in solution differed from the corresponding vacuum FMOs. Figure 3, 

which depicted the FMO distribution of 1, 2 and 3, showed the HOMO orbitals shifting to the 

heteroatoms in 1 and 2, with 3 shifting away from its heteroatom S. This shifting of the FMO 

from S to other atoms was observed to be consistent in all compounds that had their FMOs on 

S in vacuum. 

 

Figure 4: Distribution of HOMO and LUMO in vacuum and solvent in double heteroatom 

compounds (4,5 and 6) and a triple heteroatom compound (7) 

The two heteroatom configurations revealed which heteroatom possessed the FMOs. In 

solution, the FMOs had a greater tendency of shifting towards O if the compound contained 

only N and O heteroatoms and O or N, but definitely away from S for compounds in which S 

was present (Figure 4). Similarly, in compounds containing all three heteroatoms, the FMOs 

were found to shift away from S and towards O or N (Figure 5).  

Figure 5: HOMO and LUMO distribution in more than three heteroatom compounds in vacuum and 

solvent 
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With the exception of 10, 12-16, the HOMO values of the compounds shifted to more negative 

values in solution, indicating that inhibitors either increase or decrease in electron donating 

ability in solution. This implies that most inhibitors in solution may or may not be capable of 

donating electrons to metallic surfaces, as evidenced by the decrease in fraction of electron 

transferred in 1-9 and 11, and increase in fraction of electron transferred in 10,12-16 (Table 3). 

The LUMO values of the compounds in solution, on the other hand, showed a general shift to 

lower negative values, implying that in solution inhibitors are more prone to accepting 

electrons, which is supported by the increased electronegativity of compounds in solution over 

those in vacuum. 

Table 3: EHOMO, ELUMO, ΔEGap, I and A quantum chemical descriptors in solution 

 EHOMO((eV) ELUMO(eV) ΔEGap(eV) I(eV) A(eV) 

1 -6.54133 1.004914 7.546245 6.54133 -1.00491 

2 -6.18894 1.26315 7.452093 6.188944 -1.26315 

3 -6.50895 0.684365 7.193314 6.508949 -0.68436 

4 -6.46623 1.129542 7.595769 6.466227 -1.12954 

5 -6.62705 0.639738 7.266784 6.627046 -0.63974 

6 -6.56881 0.666405 7.235219 6.568814 -0.66641 

7 -6.56881 0.712937 7.28175 6.568814 -0.71294 

8 -6.64473 0.609534 7.254267 6.644733 -0.60953 

9 -6.53072 0.759468 7.290186 6.530718 -0.75947 

10 -5.6254 -0.65498 4.970421 5.625397 0.654977 

11 -6.54677 1.096888 7.643661 6.546773 -1.09689 

12 -6.9993 -0.85961 6.139691 6.999297 0.859606 

13 -6.44364 -0.89525 5.548389 6.443642 0.895253 

14 -7.03903 -0.93253 6.106493 7.039025 0.932532 

15 -7.16256 -0.64763 6.514935 7.162565 0.64763 

16 -7.10352 -0.41225 6.691265 7.103516 0.412252 

 

The order of reactivity prediction based on these quantum descriptors in vacuum were not 

identical to that observed in solvent, particularly for the three heteroatom compounds 7-

13(Table 4). The most notable effects of solvation were found to be on compounds with a 

higher degree of O, particularly 10, making it one of the compounds with good inhibitory 

potential. This suggests that a key component to take into account when creating organic 

corrosion inhibitors is oxygen, as a higher proportion may result in better inhibition. 
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Table 4: χ, μ, η, σ, ω, ΔEb-d and ΔN quantum chemical descriptors in solution 

 χ(eV) μ(eV) η(eV) σ(eV) ω(eV) ΔEb-d(eV) ΔN 

1 2.768208 -2.76821 3.773122 0.265032 1.015469 0.943281 0.560781 

2 2.462897 -2.4629 3.726047 0.268381 0.813981 0.931512 0.608836 

3 2.912292 -2.91229 3.596657 0.278036 1.179073 0.899164 0.568265 

4 2.668342 -2.66834 3.797885 0.263304 0.937371 0.949471 0.570272 

5 2.993654 -2.99365 3.633392 0.275225 1.233278 0.908348 0.551323 

6 2.951204 -2.9512 3.61761 0.276426 1.203779 0.904402 0.559595 

7 2.927939 -2.92794 3.640875 0.274659 1.177303 0.910219 0.559215 

8 3.0176 -3.0176 3.627134 0.2757 1.255249 0.906783 0.548973 

9 2.885625 -2.88562 3.645093 0.274341 1.142197 0.911273 0.564372 

10 3.140187 -3.14019 2.48521 0.40238 1.983891 0.621303 0.776557 

11 2.724942 -2.72494 3.821831 0.261655 0.971434 0.955458 0.559295 

12 3.929451 -3.92945 3.069846 0.325749 2.51488 0.767461 0.500115 

13 3.669447 -3.66945 2.774195 0.360465 2.426802 0.693549 0.600274 

14 3.985779 -3.98578 3.053247 0.32752 2.601564 0.763312 0.493609 

15 3.905097 -3.9051 3.257468 0.306987 2.340742 0.814367 0.475047 

16 3.757884 -3.75788 3.345632 0.298897 2.110467 0.836408 0.48453 

 

The Local reactivity parameters was used to further investigate this impact because it would 

give a clearer insight on how these atoms affected their chemical environment and reactivity 

of surrounding atoms which was achieved using fukui function. The condensed fukui function 

provides information about site specific reactions, it describes which type of reaction 

(nucleophilic or electrophilic), an atom in a molecule susceptible to. f+ and f- are used to 

represent sites for nucleophilic and electrophilic attack respectively (see supplementary 

information), while Δf represented the dual descriptor [60]. The dual descriptor was used to 

further classify each atom as either electrophilic or nucleophilic attack susceptible. While 

positive dual descriptor values signify electrophilicity, negative dual descriptor values signify 

nucleophilicity. It was observed that the compounds whose atoms were highly electrophilic 

favours increased inhibition. 13 which was observed to be the most efficient inhibitor had Δf 

values that were mostly electrophilic and weakly nucleophilic. This was also observed for 12, 

14, 15, and 16, as they all had high electrophilicity values (Table 5).  Oxygen (O) was also 

observed to have a much more electrophilic effect on surrounding atoms than Sulphur (S): 1 

and 3, 8 and 10, and 12 and 13. 
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Table 5: Dual descriptors (Δf) of compounds 

 1 2 3 4 5 

C1 -0.00311 C1 -0.00013 C1 0.001387 C1 0.016336 C1 0.082731 

C2 0.009927 C2 -0.03089 C2 -0.03061 C2 -0.03674 C2 -0.1615 

C3 -0.03418 C3 -0.01673 C3 -0.00247 C3 0.001902 C3 0.014883 

C4 -0.06451 C4 -0.08765 C4 -0.08559 C4 -0.07891 C4 -0.06999 

C5 0.062256 C5 0.059022 C5 0.067677 C5 0.06588 C5 0.093057 

C6 -0.07453 C6 -0.07883 C6 -0.07482 C6 -0.06243 C6 -0.05474 

C11 0.031774 C11 0.032387 C11 0.002263 C11 0.020155 C11 -0.11598 

C14 -0.02965 C14 -0.03996 C14 -0.05144 C14 -0.04942 C14 -0.00808 

O17 0.102022 N17 0.162781 S17 0.173608 N16 0.172768 O16 -0.04695 

      O18 -0.04954 S18 0.266547 

6 7 8 9 10 

C1 -0.02741 C1 -0.04817 C1 -0.00216 C1 -0.05868 C1 2.052802 

C2 -0.00892 C2 -0.00651 C2 -0.04941 C2 -0.04552 C2 -0.42732 

C3 -0.0175 C3 -0.02776 C3 0.031421 C3 0.02977 C3 -0.01655 

C4 -0.07223 C4 -0.08506 C4 -0.0189 C4 -0.09478 C4 -0.83405 

C5 0.059996 C5 0.057391 C5 -0.00834 C5 0.010459 C5 1.737641 

C6 -0.06574 C6 -0.07193 C6 0.012844 C6 -0.01797 C6 -1.95239 

C11 0.027606 C11 0.01844 C11 -0.00236 C11 0.004583 C10 0.467422 

S14 0.129554 S13 0.131814 S13 0.139182 S13 0.130066 N12 -0.60994 

N15 -0.02535 N14 0.008025 N14 0.016275 N14 0.020435 O15 0.091571 

  O16 0.023764 S16 -0.11855 N16 0.021646 O16 -0.50919 

11 12 13 14 15 

C1 -0.06003 C1 0.007594 C1 0.017493 C1 0.006872 C1 0.008757 

C2 0.018262 C2 0.015253 C2 0.017338 C2 0.012726 C2 0.012587 

C3 -0.04013 C3 -0.02118 C3 -0.02406 C3 -0.03538 C3 -0.04688 

C4 -0.06145 C4 -3.5E-05 C4 -0.005 C4 -0.02099 C4 0.010905 

C5 0.024173 C5 0.003443 C5 -0.00505 C5 -0.02143 C5 -0.00293 

C6 -0.03859 C6 -0.01849 C6 -0.02423 C6 -0.03962 C6 -0.02744 

C10 0.056273 C10 -0.05962 C10 -0.01336 C10 -0.05332 C9 -0.05026 

N12 0.048972 O11 -0.01593 O11 0.197924 S12 -0.08311 S11 -0.03652 

O15 0.063171 O12 0.113763 S12 -0.08064 S13 0.063943 N12 -0.02197 

N16 -0.01066 S13 -0.0248 S14 -0.0804 N14 -0.06707 O14 0.168066 

      O15 0.129817 S15 -0.01347 

      O16 0.08816 N16 -0.0024 

      N17 0.019403 O19 0.000575 

        O20 0.000979 

16 

C1 0.101934 

C2 -0.04912 

C3 -0.083 

C4 -0.02446 

C5 -0.00887 

C6 -0.05851 

C9 0.13728 

S11 -0.03017 

N12 -0.10852 

S13 0.076101 

N14 -0.03402 

O17 0.015553 

O18 0.025076 

N19 0.040725 
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An important assumption made in the course of this study was that, the presence of more 

heteroatoms would significantly improve a molecule's inhibition efficiency which was not 

entirely true.  Random additions of heteroatoms because of its informed increased reactivity 

may not yield the desired results, as seen in 4 which consisted of two heteroatoms, and 9 and 

11 which consisted of three heteroatoms having lower chemical reactivity tendencies than 3 

which consisted of a single heteroatom, S. However, there seems to be a set of favoured atom 

configuration that do result in greater chemical reactivity, making the empirical rule of organic 

inhibitors with heteroatoms N, O and S questionable when considering multiple heteroatoms 

systems causing the empirical rule to shift from O<N<S to N<O<S when moving from single 

heteroatom systems to multiple heteroatoms system. 

Conclusion 

Density functional theory was used to assess the reactivity characteristics of organic 

compounds containing the heteroatoms S, N, and O. The goal of the study was to provide 

information that will inform future research aimed at addressing the corrosion threat and to 

address questions about how these heteroatoms affect inhibition. The following finding was 

made in response to questions raised in the context of this study, 

1. An increase in the number of heteroatoms does not always imply an increase in inhibition 

efficiency 

2.The best heteroatoms configuration is in the order of O and N < S and N < S and O, giving 

rise to an inhibition efficiency trend is of N<O<S, as opposed to O<N<S, which holds true for 

only single heteroatom compounds. 

3. Oxygen has a significant impact on improving the inhibition efficiency of organic inhibitors. 
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