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Abstract: There is an increased demand for metals and alloys because of their use in household 

appliances and industrial machines. However, they react with the environment and are consequently 

prone to loss of strength and durability owing to corrosion. In a bid to eradicate or control this, the use 

of corrosion inhibitors has been employed. Quantum chemical calculations have been used to predict 

the corrosion inhibitive potentials of novel molecules and probe into their metals' surface mode of 

action. Density functional theory was employed here with a polar basis set, 6-31G(d), to investigate the 

corrosion inhibitive potentials of some 2H-1- benzopyran-2-ones derivatives via their electronic 

properties, global reactivity descriptors, electrostatic potential maps, and Fukui indices. The energy 

gaps follow the order: c > e > a > d > b > g > f > h, indicative that compounds f and h would effectively 

protect metals’ surface against corrosion with the HOMO map essentially delocalized over the 

benzopyran-2-one moiety and the attached substituents while the LUMO plot shows a delocalization of 

the lowest vacant molecular orbitals over the entire benzopyran-2-one moiety. The asymmetric charge 

distribution on the inhibitors from the electrostatic potential maps indicates that each compound 

possesses reactive adsorption sites for bonding and back-bonding with the metal surface. The Mulliken 

charge distribution and the Fukui indices reveal that the adsorption of an inhibitor on a metal surface is 

not only via the heteroatoms like O, Cl, Br, and N. The contribution of carbon atoms as nucleophilic 

and electrophilic centers ensures effective interaction between a metal surface and the inhibitor and 

isolates the material from corroding environment. 

Keywords: corrosion; organic corrosion inhibitors; 2h-1-benzopyran-2-ones; density functional 

theory; Fukui indices. 
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1. Introduction 

Metals corrode when they come in contact with oxygen, hydrogen, an electric current 

etc., from their surroundings, and they lose their form, shape, strength, and durability. Loss of 

lives and properties have been reported together with an increased production cost as some of 

the effects of corrosion [1]. Controlling corrosion has generated so much attention. Organic 

inhibitors are preferred to other classes of inhibitors due to their π-conjugated architecture, 

making for electrons' easy movement throughout their entire systems [2]. Organic compounds 
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containing heteroatoms like O, N, and S have been reported for enhanced inhibitive potentials 

owing to the presence of lone pairs, which are readily available for bonding with metals [1, 3, 

4, 5]. Most organic compounds also have an electrophilic region in their systems that also 

accept an electron from the metal's orbitals (back-bonding) [4, 6, 7]. They adsorb on the surface 

of the metal and protect it from aggression.  

2H-1-benzopyran-2-ones are a class of organic compounds that are commonly 

produced by various species of plants [8, 9] and a few fungi and bacteria [10]. Structurally, 

they are phenolic compounds composed of a benzene ring fused to α-pyrone ring [9]. Several 

studies have established the pharmacological activities of 2H-1-benzopyran-2-one of both 

natural and synthetic origin [11,12 ]. Interest in applying this structural class of compounds is 

significantly increasing in many areas of material science, including corrosion inhibition, due 

to their inherent photophysical and electrochemical properties [13, 14]. In awareness of these 

properties and in continuation of our research efforts to identify organic compounds with 

corrosion inhibition properties [3, 4, 15], herein we seek to investigate the corrosion inhibitive 

potentials of 2H-1-benzopyran-2-ones derivatives via DFT calculations. The 2H-1-

benzopyran-2-ones derivatives used in this study were recently reported by Gulati et al. [16]. 

2. Materials and Methods 

 2.1. Computational details. 

The compounds (figure 1) were modeled and subjected to conformation search to obtain 

the most stable conformers using molecular mechanics force field followed by optimization 

using a restricted hybrid Hartree Fock-DFT self-consistent field calculation, Becke-3-Lee-

Yang-Parr (B3LYP) with Pulay’s direct inversion of the iterative sub-space and direct 

geometric minimization [17] and a polar basis set 6-31G(d) [18], all on an intel core i5-2520M 

laptop with 2.50 GHz and 8.00GB RAM with Spartan 14 computational chemistry software 

[19]. The energies of the highest occupied molecular orbital (EHOMO), lowest unoccupied 

molecular orbital (ELUMO), energy band gap, Eg (eq. 1), ionization potential, I (eq. 2), electron 

affinity, A (eq. 3), chemical hardness, η (eq. 4), chemical softness, δ (eq. 5), electronegativity 

χ (eq. 6), global electrophilicity (eq. 7), the fraction of electron transferred, ΔN (eq. 8) were 

obtained. The Fukui parameters were calculated (eqs. 9-11).  

Eg = ELUMO −EHOMO                                                                                                                                                      1 

I = -EHOMO           2 

A = -ELUMO          3 

η =  
𝐸𝐿𝑈𝑀𝑂− 𝐸𝐻𝑂𝑀𝑂

2
                                                                                                       4 

δ = 
1

η
                                                                                                                            5 

χ = - 
𝐸𝐿𝑈𝑀𝑂−𝐸𝐻𝑂𝑀𝑂

2
   or             

𝐼+𝐴

2
                                                                              6 

χ2

2η
           7 

ΔN = 
χ𝐹𝑒− χ𝑖𝑛ℎ

2 (𝜂𝐹𝑒+ 𝜂𝑖𝑛ℎ)
         8 

Where χFe is the electronegativity of iron (7.0 eV), χinh is the electronegativity of the inhibitor 

molecule, ηFe is the chemical hardness of iron (0 eV), while ηinh is the chemical hardness of the 

inhibitor molecules.  

The Fukui parameters (eqs. 9-11) tell us which atom is electrophilic or nucleophilic by 

using Yao’s dual descriptor. 
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𝑓𝑘
+ = [𝑞𝑘(𝑁 + 1) −  𝑞𝑘(𝑁)] for nucleophilic attack                         9 

𝑓𝑘
− = [𝑞𝑘(𝑁) −  𝑞𝑘(𝑁 − 1)] for electrophilic attack                                    10 

𝛥𝑓𝑘(𝑟) = 𝑓𝑘
+ −  𝑓𝑘

−                                  11 

When the molecule accepts an electron, the charge on the atoms is defined by qk (N+1). 

qk (N) defines the charges on the atoms in the molecules’ neutral state, while qk (N-1) is the 

charges on the atoms when the molecule loses an electron [20]. Fk
+ and fk

- are the nucleophilic 

and electrophilic Fukui functions, respectively. 

 

 
Figure 1. Structures of the molecules. 

3. Results and Discussion 

The results of the quantum chemical calculations on the corrosion inhibition potentials 

of the coumarin derivatives, a to h, are presented in Tables 1-9. The compounds are rich in 

heteroatoms and π-electrons, which may act as nucleophilic centers of adsorption and π-π 

stacking. Figures 1-17 show the 2-D structures, optimized structures, HOMO, LUMO, and 

electrostatic potential maps of a to h. 

Table 1. Quantum chemical parameter of a-h. 

Molecules EHOMO (eV) ELUMO (eV) Eg (eV) I (eV) A (eV) η (eV) δ (eV-1) χ (eV) ω (eV) ΔN 

a -6.20 -1.58 4.62 6.20 1.58 2.31 0.43 3.89 3.28 0.67 

b -6.34 -1.83 4.51 6.34 1.83 2.26 0.44 4.09 3.70 0.65 

c -6.27 -1.6 4.67 6.27 1.6 2.34 0.43 3.94 3.32 0.66 

d -6.21 -1.6 4.61 6.21 1.6 2.31 0.43 3.91 3.31 0.67 

e -6.32 -1.66 4.66 6.32 1.66 2.33 0.43 3.99 3.42 0.66 

f -6.02 -2.04 3.98 6.02 2.04 1.99 0.50 4.03 4.08 0.75 

g -6.52 -2.03 4.49 6.52 2.03 2.25 0.45 4.28 4.07 0.61 

h -5.44 -1.47 3.97 5.44 1.47 1.99 0.50 3.46 3.01 0.89 

3.1. Corrosion inhibition and frontier orbital energies. 

The anti-corrosion potential of a many-body system is significantly related to its 

molecular orbital energies. Table 1 shows the energy gap, energies of the highest occupied 

molecular orbital (EHOMO), and lowest unoccupied molecular orbital (ELUMO). High EHOMO is 

related to the greater electron-donating potential of a corrosion inhibitor. The positional 

isomers a, c and d exhibit relatively high EHOMO, indicating good electron-donating potential of 

the systems. Halide modification to the benzopyran-2-one moiety (b and g) at position 6 results 
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in a remarkable stabilization of the highest filled molecular orbital. This implies that the halo-

substituted derivatives possess the less electron-donating ability, which could be attributed to 

the halide and carbonyl's high electronegativity (and electron-withdrawing property) groups. 

Removal of a methyl group from e reduces the positive inductive effect experienced by the 

benzopyran-2-one. It possibly stabilizes the EHOMO of the system relative to inhibitor c. The 

highest EHOMO is observed in f and h, which may be attributed to additional π-electrons 

introduced by the attached phenyl ring and the electron-donating amino group, respectively. 

Materials with high EHOMO have the excellent potential of pushing electrons into the low-lying 

vacant orbital of a corroding environment, thereby retarding the anodic process [21, 6]. 

Table 2. Selected calculated Fukui functions and Mulliken atomic charges of a. 

Atoms qk(N+1) qk qk(N-1) fK
+ fK

- ∆fk 

C1 -0.273 -0.243 -0.222 -0.03 -0.021 -0.009 

C2 0.308 0.317 0.37 -0.009 -0.053 0.044 

C3 0.033 0.026 0.047 0.007 -0.021 0.028 

C4 0.088 0.117 0.143 -0.029 -0.026 -0.003 

C5 -0.261 -0.246 -0.209 -0.015 -0.037 0.022 

C6 0.186 0.199 0.211 -0.013 -0.012 -0.001 

C7 -0.526 -0.535 -0.55 0.009 0.015 -0.006 

C8 -0.522 -0.536 -0.545 0.014 0.009 0.005 

C9 0.109 0.191 0.591 -0.082 -0.4 0.318 

C10 -0.328 -0.297 -0.227 -0.031 -0.07 0.039 

C11 -0.521 -0.533 -0.545 0.012 0.012 0 

C12 0.551 0.605 0.638 -0.054 -0.033 -0.021 

O1 -0.565 -0.515 -0.467 -0.05 -0.048 -0.002 

O2 -0.593 -0.478 -0.347 -0.115 -0.131 0.016 

 
Figure 2. (a) Optimized structure of a, (b) HOMO map of a, and (c) LUMO map of a. 

 
Figure 3. Electrostatic potential map of a. 
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Figure 4. (a) Optimized structure of b, (b) HOMO map of b, and (c) LUMO map of b. 

 
Figure 5. Electrostatic potential map of b. 

Furthermore, the LUMO's stabilization enhances the corrosion inhibitor's electron-

accepting potential, which invariably facilitates interactions between the inhibitor and the 

corroding material. This interaction promotes the isolation of the corroding material from the 

corroding environment. Although the least vacant orbital energies of the corrosion mitigators 

do not follow a particular trend with the EHOMO, the coumarin derivative with additional phenyl 

moiety (f) displays the greatest stabilization. Also notable is the low-lying LUMO of the 

bromo-substituted benzopyran-2-one (g). 

Moreover, a low energy gap has been associated with chemical reactivity, molecular 

softness, kinetic instability, and good corrosion inhibition potentials [22-24]. The compounds 

present a low energy gap, which implies that they are potential anti-corrosion materials. The 

energy gaps follow the order: c > e > a > d > b > g > f > h which indicates that the compounds 

f and h would offer effective anti-corrosion protection. The remarkably low energy gaps of 

compounds f and h could be attributed to the relative destabilization of the HOMO and/or 

stabilization of LUMO. 

 
Figure 6. (a) Optimized structure of c, (b) HOMO map of c and (c) LUMO map of c. 
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Figure 7. Electrostatic potential map of c. 

 

 
Figure 8. (a) Optimized structure of d, (b) HOMO map of d, and (c) LUMO map of d. 

 
Figure 9. Electrostatic potential map of d. 

 
Figure 10. (a) Optimized structure of e, (b) HOMO map of e, and (c) LUMO map of e. 
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Figure 11. Electrostatic potential map of e. 

The HOMO map of the corrosion inhibitors (Figures 2b, 4b, 6b, 8b, 10b, 12b, 14b, and 

16b) is essentially delocalized over the benzopyran-2-one moiety and the attached substituents 

(Cl, Br, and NH2) at position 6 excluding the methyl groups (at positions 4, 5, 7 and 8). This 

suggests that the benzopyran-2-one surface is electron-rich and may be involved in electron 

donation to the metal surface. Similarly, the LUMO plot of the compounds (Figures 2c, 4c, 6c, 

8c, 10c, 12c, 14c, and 16c) shows a delocalization of the lowest vacant molecular orbitals over 

the entire benzopyran-2-one moiety. This suggests that the low-lying vacant orbitals of the 

inhibitors could be available for back donation. Noteworthy is the fact that the substituents (Cl, 

Br, and NH2) at position 6 are not available for back donation (since they are excluded from 

LUMO distribution), but they may be majorly involved in electron donation. 

Table 3. Selected calculated Fukui functions and Mulliken atomic charges of b. 
Atoms qk(N+1) qk qk(N-1) fK

+ fK
- ∆fk 

C1 -0.279 -0.243 -0.216 -0.036 -0.027 -0.009 

C2 0.322 0.322 0.38 0 -0.058 0.058 

C3 0.03 0.035 0.043 -0.005 -0.008 0.003 

C4 0.081 0.112 0.123 -0.031 -0.011 -0.02 

C5 -0.207 -0.207 -0.182 0 -0.025 0.025 

C6 0.183 0.202 0.217 -0.019 -0.015 -0.004 

C7 -0.522 -0.532 -0.546 0.01 0.014 -0.004 

C8 -0.525 -0.541 -0.549 0.016 0.008 0.008 

C9 0.11 0.189 0.197 -0.079 -0.008 -0.071 

C10 -0.323 -0.293 -0.247 -0.03 -0.046 0.016 

C11 -0.526 -0.537 -0.553 0.011 0.016 -0.005 

C12 0.553 0.605 0.628 -0.052 -0.023 -0.029 

O1 -0.563 -0.514 -0.461 -0.049 -0.053 0.004 

O2 -0.584 -0.472 -0.347 -0.112 -0.125 0.013 

 

Table 4. Selected calculated Fukui functions and Mulliken atomic charges of c. 

Atoms qk(N+1) qk qk(N-1) fK
+ fK

- ∆fk 

C1 0.109 0.133 0.157 -0.024 -0.024 0.181 

C2 0.226 0.241 0.32 -0.015 -0.079 0.335 

C3 0.052 0.044 0.059 0.008 -0.015 0.051 

C4 0.082 0.108 0.105 -0.026 0.003 0.131 

C5 -0.186 -0.185 -0.128 -0.001 -0.057 -0.127 

C6 -0.22 -0.184 -0.159 -0.036 -0.025 -0.123 

C7 -0.502 -0.513 -0.527 0.011 0.014 -0.538 

C8 -0.522 -0.537 -0.55 0.015 0.013 -0.565 

C9 0.103 0.188 0.201 -0.085 -0.013 0.286 

C10 -0.328 -0.296 -0.265 -0.032 -0.031 -0.233 

C11 -0.521 -0.533 -0.544 0.012 0.011 -0.556 

C12 0.55 0.605 0.622 -0.055 -0.017 0.677 

O1 -0.566 -0.515 -0.46 -0.051 -0.055 -0.409 

O2 -0.594 -0.477 -0.351 -0.117 -0.126 -0.234 
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Figure 12. (a) Optimized structure of f, (b) HOMO map of f, and (c) LUMO map of f. 

 
Figure 13. Electrostatic potential map of f. 

 
Figure 14. (a) Optimized structure of g, (b) HOMO map of g, and (c) LUMO map of g. 

 
Figure 15. Electrostatic potential map of g. 

 

(a)    (b)     (c) 
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Figure 16. (a) Optimized structure of h, (b) HOMO map of h, and (c) LUMO map of h. 

 

 
Figure 17. Electrostatic potential map of h. 

3.2. Corrosion inhibition and molecular properties. 

Quantum chemical parameters like ionization potential (I), electron affinity (A), global 

hardness (η), global softness (σ), electronegativity (χ), electrophilicity (ω) and the fraction of 

electron transferred (ΔN) describing the molecular properties of the corrosion inhibitors are 

also reported in Table 1. Their optimized structures are shown in Figures 2a, 4a, 6a, 8a, 10a, 

12a, 14a and 16a. The ionization potential (I) describes a corrosion inhibitor's tendency to 

release electrons (18). Compounds with low ionization potential possess good corrosion 

inhibition properties. Generally, the compounds present adequate ionization potential (6.02 – 

6.52 eV), which implies good electron-donating ability that may impede a corroding material's 

corrosion rate. Conversely, a corrosion inhibitor's high electron affinity is linked with its 

electron attracting potential and, consequently, effective corrosion inhibition potential. 

The global hardness and softness are related to the chemical reactivity and kinetic 

stability of a system [25]. The η follows a similar trend as the energy gap and is significantly 

low (1.99 – 2.34 eV). The higher the global hardness, the less the kinetic instability and 

reactivity. Compounds f and h display least η, suggesting a good reactivity, molecular softness, 

and better anti-corrosion potential [26]. This mitigating corrosion potential of f and h is also 

corroborated by their high global softness. 

Electronegativity (χ) is a quantum chemical descriptor that specifies the electron flow 

direction between a metal and the inhibitor until their chemical potentials are balanced [5, 10, 

21]. The inhibitors' electronegativity is within the range 3.46 – 4.28, which suggests that all the 

compounds have a good potential of transferring an electron to the low-lying vacant orbital of 
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the metal. The larger the difference in electronegativity of the iron and the corrosion inhibitor, 

the better the electron transfer potential and the better the corrosion inhibition potential. 

Compound h displays least χ, and its ΔN approaches unity. This suggests that h possesses the 

best -donating ability, which could be attributed to π- and nonbonding electrons and good 

molecular softness. On the other hand, compound f shows a comparable ΔN to that of h, which 

could mainly be attributed to its π-electron richness, which may offer an adequate π-π stacking 

[27, 28], and coumarin heteroatom. 

Electrophilicity is a measure of energy stabilization due to maximum electron flow 

between a donor and an acceptor. Lower ω implies that the compound will behave as a 

nucleophile [29]. The nucleophilic tendency of the corrosion inhibitor increases in the order f 

< g < b < e < c < d < a < h. This suggests that f could act as the best electrophile while h is the 

best nucleophile. This implies compound h would present the greatest tendency of nucleophilic 

attack on the corroding material and, hence, behave as an excellent corrosion inhibitor.  

 

Table 5. Selected calculated Fukui functions and Mulliken atomic charges of d. 

Atoms qk(N+1) qk qk(N-1) fK
+ fK

- ∆fk  
C1 0.056 0.085 0.098 -0.029 -0.013 0.127  
C2 0.231 0.243 0.305 -0.012 -0.062 0.317  

C3 0.111 0.102 0.113 0.009 -0.011 0.104  

C4 -0.247 -0.21 -0.181 -0.037 -0.029 -0.144  
C5 -0.189 -0.181 -0.134 -0.008 -0.047 -0.126  
C6 0.115 0.123 0.131 -0.008 -0.008 0.139  
C7 -0.526 -0.535 -0.551 0.009 0.016 -0.56  
C8 -0.532 -0.537 -0.54 0.005 0.003 -0.545  
C9 0.121 0.199 0.198 -0.078 0.001 0.276  

C10 -0.331 -0.304 -0.238 -0.027 -0.066 -0.211  

C11 -0.524 -0.536 -0.548 0.012 0.012 -0.56  

C12 0.549 0.606 0.636 -0.057 -0.03 0.693  

O1 -0.575 -0.525 -0.474 -0.05 -0.051 -0.424  
O2 -0.591 -0.475 -0.343 -0.116 -0.132 -0.227  

Table 6. Selected calculated Fukui functions and Mulliken atomic charges of e. 
Atoms qk(N+1) qk qk(N-1) fK

+ fK
- ∆fk  

C1 0.104 0.131 0.153 -0.027 -0.022 0.18  
C2 0.232 0.245 0.32 -0.013 -0.075 0.333  

C3 0.107 0.098 0.11 0.009 -0.012 0.101  

C4 -0.246 -0.211 -0.191 -0.035 -0.02 -0.156  
C5 -0.125 -0.124 -0.082 -0.001 -0.042 -0.081  
C6 -0.221 -0.189 -0.166 -0.032 -0.023 -0.134  
C8 -0.503 -0.514 -0.525 0.011 0.011 -0.536  
C9 0.12 0.199 0.207 -0.079 -0.008 0.286  

C10 -0.329 -0.301 -0.252 -0.028 -0.049 -0.224  

C11 -0.524 -0.537 -0.548 0.013 0.011 -0.561  

C12 0.547 0.606 0.63 -0.059 -0.024 0.689  

O1 -0.571 -0.518 -0.456 -0.053 -0.062 -0.403  
O2 -0.593 -0.473 -0.334 -0.12 -0.139 -0.214  

3.3. Corrosion inhibition and electrostatic potential map. 

The electrostatic potential map shows an overview of the charge density of the 

molecule. The greatest negative electrostatic potential is concentrated around the lactone 

carbonyl group (red color legend), as shown in Figures 3, 5, 7, 9, 11, 13, 15, and 17. This 

suggests that the carbonyl group is electron-rich (which may be attributed to its electron-

withdrawing effect) and is most susceptible to an electrophilic attack. The regions with CH3 

and NH2 groups show positive electrostatic potential (blue color legend), which implies that 

they are electron deficient and are susceptible to nucleophilic attack. The asymmetric charge 
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distribution on the inhibitors indicates that each compound possesses reactive adsorption sites 

for bonding and back-bonding with the metal surface. 

3.4. Fukui indices and Mulliken charge distribution. 

The partition of charges on the corrosion inhibitors gives a good idea of the possible 

reactive sites on the benzopyran-2-ones. Mulliken charge analysis performed on the neutral, 

anionic, and cationic species of the benzopyran-2-ones are reported in Tables 2 – 9 (excluding 

the hydrogen atoms) from which the Fukui indices were determined. The heteroatoms, 

especially the coumarin oxygen atoms, Cl, Br, and amine nitrogen, display negative Mulliken 

charges, suggesting that they are probable sites for nucleophilic attack and adsorption on a 

metal surface. 

Table 7. Selected calculated Fukui functions and Mulliken atomic charges of f. 

Atoms qk(N+1) qk qk(N-1) fK
+ fK

- ∆fk 

C1 -0.102 -0.139 -0.142 0.037 0.003 -0.179 

C2 -0.115 -0.133 -0.154 0.018 0.021 -0.172 

C3 -0.146 -0.192 -0.225 0.046 0.033 -0.271 

C4 0.146 0.146 0.151 0 -0.005 0.151 

C5 0.163 0.154 0.173 0.009 -0.019 0.164 

C6 -0.17 -0.187 -0.222 0.017 0.035 -0.239 

C7 -0.208 -0.267 -0.309 0.059 0.042 -0.368 

C8 0.367 0.323 0.323 0.044 0 0.279 

C9 0.093 0.096 0.102 -0.003 -0.006 0.105 

C10 -0.245 -0.304 -0.358 0.059 0.054 -0.417 

C11 0.215 0.208 0.14 0.007 0.068 0.133 

C12 -0.279 -0.307 -0.33 0.028 0.023 -0.358 

C13 0.619 0.611 0.561 0.008 0.05 0.553 

C14 -0.547 -0.536 -0.524 -0.011 -0.012 -0.513 

O1 -0.487 -0.522 -0.557 0.035 0.035 -0.592 

O2 -0.374 -0.468 -0.572 0.094 0.104 -0.666 

The Fukui indices (fk
+ and fk

-) describe the local reactivity of atoms in the system. For 

a better description of the reactive sites for nucleophilic and electrophilic attacks, the dual 

descriptor (Δfk) provides a clearer view of each atom. When the Fukui index for the 

nucleophilic attack is greater than that of electrophilic attack (Δfk > 0), the reactive site is 

adjudged susceptible to electrophilic attack (that is, the atom is a nucleophilic center), and vice 

versa [15,30].  

Table 2 shows the Fukui indices for the inhibitor a. The methyl carbon (C8) presents 

the highest fk
+, which suggests that it is a good nucleophilic center, while the methyl carbon 

(C7) shows the highest fk
- and consequently, is a good electrophilic center. This observation is 

in agreement with the values of the dual Fukui indices. Similar results are obtained for c and d 

(the isomeric forms of a) in Tables 4 and 5. 

The methyl carbon at position 4 (C11) displays a high fk
+ and fk

- in compound g (Table 

8). This implies that the site is susceptible to nucleophilic and electrophilic attacks. However, 

Δfk value of -0.561 suggests that the atom will be a better electrophilic site. Similarly, the atom 

C11 of compound b (chloro-substituted derivative) has the highest fk
- and its Δfk value (Table 

3) suggests that it is a good electrophilic site (Table 3). However, the carbon atom at position 

5 (C8) for the corrosion inhibitor b presents the highest fk
+ and positive Δfk, suggesting that it 

would be a reactive site for nucleophilic attack on a metal surface. Compound h shows 

comparable reactive sites for corrosion inhibition as those of b and g.  The methyl carbons at 

positions 4, 5, and 7 (C10, C11, and C12) are effective sites for electrophilic and nucleophilic 

attacks on a metal surface as obtained from the fk
+ and fk

- values (Table 9). 
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Table 6 shows the Fukui indices of compound e. The nucleophilic attack index (fk
+) 

identifies C11 (methyl carbon at position 8) as the effective nucleophilic site. This same atom 

(C11) is considered an effective electrophilic center due to its high fk
- value. Nevertheless, the 

dual Fukui index (Δfk = -0.561) preferably depicts the atom, C11, as an electrophilic site.  

The carbonyl oxygen (O2) of the benzochromen-2-one (compound f) exhibits high fk
+ 

and fk
- values, which implies that it may be a good nucleophilic and electrophilic site (Table 

7). The highly negative Δfk value of O2, however, suggests that the atom is preferably an 

electrophilic center. In the same vein, the highly positive Δfk value of C13 may imply that the 

atom is an effective site for nucleophilic attack. 

 

Table 8. Selected calculated Fukui functions and Mulliken atomic charges of g. 

Atoms qk(N+1) qk qk(N-1) fK
+ fK

- ∆fk 

C1 -0.21 -0.166 -0.132 -0.044 -0.034 -0.088 

C2 0.318 0.317 0.37 0.001 -0.053 0.369 

C3 0.086 0.089 0.102 -0.003 -0.013 0.105 

C4 -0.264 -0.227 -0.206 -0.037 -0.021 -0.169 

C5 0.017 0.013 0.023 0.004 -0.01 0.019 

C6 -0.186 -0.148 -0.119 -0.038 -0.029 -0.081 

C9 0.13 0.205 0.212 -0.075 -0.007 0.287 

C10 -0.329 -0.298 -0.254 -0.031 -0.044 -0.223 

C11 -0.527 -0.539 -0.549 0.012 0.01 -0.561 

C12 0.555 0.608 0.63 -0.053 -0.022 0.683 

O1 -0.566 -0.515 -0.46 -0.051 -0.055 -0.409 

O2 -0.58 -0.464 -0.338 -0.116 -0.126 -0.222 

Br1 -0.202 -0.069 0.17 -0.133 -0.239 0.303 

Table 9. Selected calculated Fukui functions and Mulliken atomic charges of h. 

Atoms qk(N+1) qk qk(N-1) fK
+ fK

- ∆fk 

C1 -0.291 -0.265 -0.244 -0.026 -0.021 -0.218 

C2 0.313 0.314 0.375 -0.001 -0.061 0.376 

C3 0.022 0.013 0.017 0.009 -0.004 0.008 

C4 0.055 0.09 0.107 -0.035 -0.017 0.142 

C5 0.136 0.183 0.281 -0.047 -0.098 0.328 

C6 0.16 0.186 0.208 -0.026 -0.022 0.234 

C7 0.55 0.602 0.62 -0.052 -0.018 0.672 

C8 -0.326 -0.298 -0.271 -0.028 -0.027 -0.243 

C9 0.109 0.193 0.205 -0.084 -0.012 0.289 

C10 -0.529 -0.546 -0.558 0.017 0.012 -0.575 

C11 -0.549 -0.565 -0.586 0.016 0.021 -0.602 

C12 -0.545 -0.558 -0.579 0.013 0.021 -0.592 

O1 -0.567 -0.517 -0.48 -0.05 -0.037 -0.43 

O2 -0.595 -0.484 -0.377 -0.111 -0.107 -0.266 

N1 -0.799 -0.802 -0.759 0.003 -0.043 -0.762 

 

The Mulliken charge distribution and the Fukui indices reveal that the adsorption of an 

inhibitor on a metal surface is not only via the heteroatoms like O, Cl, Br, and N. The 

contribution of carbon atoms as nucleophilic and electrophilic centers ensures effective 

interaction between a metal surface and the inhibitor and isolates the material from corroding 

environment. This interaction, consequently, will impede the rate of corrosion. 

4. Conclusions 

 The corrosion inhibition potentials of eight benzopyran-2-ones (a-h) have been 

investigated using Density Functional Theory. The low energy gap and global hardness, and 

high molecular softness of the compounds suggest that the compounds are good corrosion 

inhibitors. However, compounds f and h exhibit remarkably low energy gaps with relatively 

high global softness, which implies that these inhibitors are reactive and kinetically unstable, 
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with excellent anti-corrosion potentials. Also, the presence of an electron-donating amino 

group of compound h could be responsible for its low bandgap and high corrosion inhibition 

potential. The local reactive sites of interaction with the metal surface are the heteroatoms 

(nitrogen, bromine, chlorine, and oxygen) and the carbon atoms (especially the methyl groups). 
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