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Abstract: Metal-air batteries are demanded in nowadays as a
potential replacement of lithium based batteries in storage
applications. Because of corrosion occur in metal electrode, this
corrosion limited the performance lifetime of the metal-air
batteries. The aims of this paper to evaluate the performance
inhibition efficiency of phenol derivatives using quantum
approach. An inhibitors efficiency of eight phenol derivatives was
calculated using Density Functional Theory (DFT) with B3LYP
functional and 6-311(d,p) basis set. The parameter of electronic
structure was calculated to determine the inhibition efficiency. All
of the phenol derivatives led to an increase in inhibition efficiency
except 5-Methyl-2-nitrophenol and 4-(Methoxycarbonyl)phenol.
DFT show that Phenol, 2,6-dimethoxy-4-2-(2-propenyl) is higher
inhibitor efficiency at 94%. As a conclusion, phenol derivatives
extracted from the pyrolysis can be used as inhibitor to reducing
the corrosion on metal.
Index Terms: Density Functional Theory, HOMO-LUMO,
Organic Inhibitor, B3LYP.

waste sources can be separated into useful chemical
compounds. Kabir, G. et al., (2017) claimed that organic
chemical compounds could be generated from mesocarp oil
palm. This discovery opens an excellent opportunity to
identify suitable organic inhibitors for use in metal-air
batteries.
Although many researchers have revealed that chemical
compounds can be produced by the process of pyrolysis, only
a handful seems to associate this discovery with inhibitors.
This is mostly due to the lack of knowledge in the electronic
structure of the compound itself. Therefore, this paper
analysed the inhibitor efficiency of chemical compound from
the lens of DFT. The DFT methods were required to obtain a
better understanding of the theory related to organic
compounds. DFT calculation can help in finding the
appropriate organic inhibitor with more practical and fast
[10–12].
II.

I. INTRODUCTION
The increasing demand for metal-air batteries has attracted
researchers to study corrosion inhibitors. The main problem
of the metal-air battery is high corrosion in the anode [1, 2].
Several types of inorganic inhibitors have been introduced,
such as sodium salts of molybdate, tungstate, and vanadate, to
reduce the corrosion rates at the metal [3, 4]. However,
inorganic inhibitors have the potential to produce highly toxic
products, and therefore, endanger human health [4]. This
toxic problem limits the use of inorganic inhibitors for
controlled applications. As the application of metal-air
batteries is widespread in the present era, including for
electric vehicles, such toxicity is inflexible. Thus, studies
concerning organic inhibitors are indeed a pressing need.
Organic inhibitors have several advantages over inorganic
inhibitors, particularly its low levels of toxins [5–7]. Organic
inhibitors can be extracted from various agricultural
by-products [8]. Through the pyrolysis process, agricultural

COMPUTATIONAL DETAILS

A. Review Stage
Density Functional Theory (DFT) approach are able to
optimise molecule structures and calculate the corrosion
inhibitor efficiency quantum parameters such as HOMO,
LUMO, electron affinity and ionization potential [13–15].
The combination of the Becke three-parameter hybrid (B3)
exchange functional with the Lee-Yang-Parr (LYP)
correction functional (B3LYP) and 6-311G(d,p) basis-set was
utilised for all geometry optimisation, HOMO, LUMO, and
electronic properties [16–18]. This technique was
successfully applied to describe the phenol structural of
corrosion inhibitors and efficiency on aluminium surfaces
[18]. Figure 1 illustrates the selected eight phenol derivatives,
which are phenol 2-ethyl, phenol 4-methoxy-3, phenol,
4-ethyl-2, 5-methyl-2 nitrophenol, phenol 2,6- dimethoxy,
phenol,
2,6-dimethoxy-4-(2-propenyl),
and
4-(Methoxycarbonyl) phenol [8].
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Fig. 1. The structures of phenol derivatives are pyrolysis
product.
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B. Optimization geometry of phenol derivatives
The HOMO and LUMO orbitals are the pair closest to the
orbital energy in the molecules of phenol derivatives, which
allow them to interact actively. The energy gap depends on
energy HOMO and LUMO [19]. When the energy gap is
higher, the efficiency of the inhibitor is lowered. Figure 2
shows the optimal geometric structure for phenol derivatives.
Molecular orbital for each HOMO and LUMO are different
due to movement of electron on molecules [20].

(a)

(b)

(c)

(d)

Fig. 2. DFT calculation was performed of optimized geometry
structure, HOMO and LUMO molecules structure. a) phenol,
b) phenol 2-ethyl, c) phenol 4-methoxy-3-, d) phenol,
4-ethyl-2-, e) phenol 2,6-dimethoxy-, f) 5-methyl-2nitrophenol, g) Phenol, 2,6-dimethoxy-4-2-(2-propenyl), and
4-(Methoxycarbonyl)phenol.
Figure 2(a) shows the HOMO and LUMO orbital
calculations for phenol, where the red color denotes a positive
base, while blue for a negative base in the electron orbital.
The formation of the size molecule will show how the orbital
is produced at HOMO and will affect LUMO in the orbital
bond. HOMO-LUMO energy phenol 2-ethyl appeared to be
better than phenol molecules because the energy in phenol
2-ethyl donated more electrons. Figure 2(c) presents
HOMO-LUMO for the structure of Phenol 4-methoxy-3,
which seemed to be increased due to the presence of
methoxymethane and ethane in this structure that implies a
higher orbit of energy. The structure of Phenol 2,6-dimethoxy
is as illustrated in Figure 2(e), where the structure refers to a
combination of phenol and 2-methoxymethane. Different
HOMO and LUMO for the structure of phenol 2,6-dimethoxy
looked small, and it was likely that these molecules gained
lower reactions during corrosion.
Electronic method
The computational parameters DFT used to obtain molecules
are the energy HOMO and LUMO orbital and the energy gap
[18, 22] . The value of electron affinity and ionization
potential for phenol derivatives are studied from HOMO and
the LUMO energy orbital [22]. Energy HOMO and LUMO
can convert orbital energy bonds and relate them to corrosion
inhibitors [23].
The value of the gap energy is calculated using, E gap =
ELUMO - EHOMO, the energy difference implies the effect
reactivity of the chemical species when the value is higher
[24]. According to Obayes, H.R. et al. (2014) good inhibition
efficiency in molecules when the values of energy gap are
low. This energy gap is because the energy of the last
occupied orbital will release the electrons for donations to the
empty orbital without metal [25].
(1)
(2)
The ionization potential (IP) and the electron affinity (EA)
are related to the energy of HOMO and LUMO, respectively,
within the framework of Koopmans' theorem [28, 29]. This
theorem determines the value (IP) and (EA) of the
relationship between HOMO and the LUMO energy.
(3)

(e)

(f)

(4)
(5)
Theoretically, the parameters of IP and EA have the
potential to obtain values of hardness (ɳ), softness (S),
absolute electronegativity (χ), the chemical potential (μ) and
electrophilicity index (ω) [18, 26].

(g)

(h)
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Table. 1 The values of HOMO, LUMO, gap energy, ionization potential and electron affinity of phenol derivatives was
performed by DFT calculation
Molecules
HOMO
LUMO
Gap
Ionization
Electron
Energy
potential (IP)
affinity (EA)
Phenol

-6.219

-0.314

5.889

6.219

0.314

Phenol 2-ethyl-

-6.011

-0.258

5.753

6.011

0.258

Phenol 2,6-dimethoxy-

-5.375

0.336

5.711

5.375

-0.336

Phenol, 4-ethyl-2-

-5.428

0.149

5.577

5.428

-0.149

Phenol,
2,6-dimethoxy-4-2-(2-propenyl)

-5.413

0.024

5.437

5.413

-0.024

4-(Methoxycarbonyl)phenol

-6.758

-1.380

5.378

6.758

1.380

Phenol 4-methoxy-3-

-5.435

-0.133

5.302

5.435

0.133

5-Methyl-2-nitrophenol

-6.852

-2.722

4.130

6.852

2.722

Therefore, the global reactivity χ, μ, ɳ and S can be
determined.
(6)
Electrophilicity (ω) that allows the quantitative
classification of the global electrophilic properties of a
compound on a relative scale [17]. Efil, K. and Obot, I. B.
(2017) have shown ω as a measure of the energy reductions
due to the maximum flow of electrons between donors and
recipients.
III. RESULT AND DISCUSSION
A. HOMO-LUMO, Ionization Potential, and Electron
Affinity
The HOMO energy tends to show that the molecules
donate electrons to the receiver molecules corresponding to
the low orbital energy [22, 27]. Conversely, the orbital energy
of undesirable low electron indicates the ability of molecules
to receive electrons. The smaller the LUMO energy, the more
likely the molecule will take the electrons [30]. The HOMO
values show the propensity of the phenol molecules to explain
the electrons of the receptor molecules and LUMO to
demonstrate the ability of the molecules to receive electrons.
Table 1 presents the results of energy HOMO-LUMO,
energy gaps, IP and EA for phenol derivatives. The difference
in energy involves the low or high reactions of phenol
derivatives. The result of the energy of HOMO and LUMO
for phenol is -6.219 eV and -0.314 eV respectively. The
phenol 2,6-dimethoxy shows the highest energy for HOMO
and LUMO, that is, -5.375 eV and 0.336 eV. As shown in
Figure 2(e), the combination of phenol and
2-methoxymethane in this molecule influences the formation
of the HOMO-LUMO. It happens because many reactions are
involved in orbital for HOMO-LUMO Phenol 2,6-dimethoxy.
Table 2 also shows 5-methyl-2-nitrophenol as the lowest
energy for HOMO and LUMO where the values are -6.852 eV
and -2.722 eV, respectively. This energy is low because the
N-double bond in HOMO for 5-methyl-2-nitrophenol does
Retrieval Number: B2884078219/19©BEIESP
DOI: 10.35940/ijrte.B2884.078219
Journal Website: www.ijrte.org

not remove the electrons as shown in Figure 2(f). It is because
the size of the atom is low. The value of molecular energy will
be low when the number of atoms is low.
Figure 3 illustrates the value of the energy gap for the
phenol derivatives. This energy gap is the value of energy
between HOMO and LUMO. The reactivity of the molecule
depends on the energy gap, when the energy gap is higher,
then the reactivity of molecule is lower [31]. Figure 3 show
the value of phenol is 5.889eV because the value of energy
gap is high. This result indicates that phenol is a low reactivity
of other molecules. The smallest energy gap is
5-methyl-2-nitrophenol where the value is 4.13 eV. The
difference in the energy values of 5-methyl-2-nitrophenol and
other molecules is very high. This 5-methyl-2-nitrophenol has
high reactivity. Although 5-methyl-2-nitrophenol has high
reactivity, still cannot show a good attraction.

Fig. 3 The gap energy value of phenol derivatives.
Ionization potential (IP) is the energy required to remove
electrons from atoms [18, 30]. IP present the molecule
stability of molecules. The high value of IP will display the
stability of the molecule. Although the molecule is
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Table. 2 The value of total energy, dipole moment, absolute electronegativity, hardness, softness, chemical potential,
and electrophilicity index of phenol derivatives
Parameter
Molecules

Total
Energy
a.u.

Dipole
moment
(D)

Absolute
electroneg
ativity (χ)

Hardnes
s (ɳ)

Softness
(S)

Chemical
potential
(μ)

Electrophi
licity
index (ω)

Phenol

-1286.344

0.815

20.326

-18.407

0.340

-20.326

69.916

Phenol,2-ethyl-

-1615.338

2.011

18.788

-17.321

0.348

-18.788

51.708

Phenol,4
methoxy-3

-1932.009

1.589

15.098

-14.116

0.377

-15.098

43.162

Phenol, 4-ethyl-2-

-2094.464

2.002

14.315

-15.136

0.359

-14.315

36.850

Phenol
2,6-dimethoxy

-2244.612

1.036

13.516

-15.346

0.350

-13.516

32.111

5-Methyl-2
nitrophenol

-2306.491

4.896

32.798

-14.132

0.545

-32.798

260.549

2,6,
dimethoxy-4-2-(2propenyl)

-3294.741

9.103

14.596

-18.109

0.416

-27.523

39.115

4-(Methoxycarbo
nyl)

-2735.624

3.785

27.523

-14.736

0.399

-14.596

140.609

stable, when IP is high, the molecule less is excited. Figure 4
gives the results of IP for phenol derivatives. The value of the
phenol IP is 6.219. IP for phenol will be the point of reference
for other molecules to know the inhibition efficiency. The IP
value of 5-methyl-2-nitrophenol is 6.852, this is higher than
those of other molecules, including phenol. It shows that
5-methyl-2-nitrophenol is a very stable molecule. However,
the electron of 5-methyl-2-nitrophenol is less excited due to
stability is high. The lowest IP value is a 2,6-dimethoxy
phenol molecule of 5.375.

Fig. 4 The ionization potential (IP) values of phenol
derivatives.
This phenol 2,6-dimethoxy is the low stability of the other
molecules. Even though phenol 2,6-dimethoxy has low
stability, but this molecular have high electron excited. The
inhibition efficiency will depend on the less stability of the
molecule. Therefore, the value of IP will affect the efficacy of
this inhibition of phenol derivatives.
Retrieval Number: B2884078219/19©BEIESP
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B. Electronic structure
The DFT calculation can determine the amount of energy and
the dipole moment in the molecule. Table 2 above shows the
results of the total energy and the dipole moment for phenol
derivatives. The energy for phenol is -1286.34 a.u. The results
show that the energy of the phenol derivatives is higher, and
the highest energy is 2,6, dimethoxy-4-2-(2-propenyl) which
is -3294.74 a.u. Also, Table 2 performs computational
hardness (ɳ), softness (S), absolute electronegativity (χ), the
chemical potential (μ) and electrophilicity index (ω) for
phenol derivatives. This result shows that the highest
electrophilicity index was 260.5 of the 5-Methyl-2
nitrophenol molecule and the lowest was 32.1 of Phenol
2,6-dimethoxy.
C. Corrosion Inhibitor Efficiency
Table 3 shows the values of theoretically calculated
percentage of inhibition efficiency (
), ionization
potential percentage addictive (
) and the inhibition
efficiency percentage addictive (
) for phenol
derivatives. DFT determined the value of IP for phenol
derivatives. The IP value were applying to the equation
(
). Then, by using equation (
) and
(
) can determined the value of corrosion inhibitor
efficiency.
(7)
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Table 3: The values of

,

and

of phenol derivatives.

Molecules

Inhibition efficiency %
Theoretical
(
)

Experimental

Phenol

0

0

83.3

83.3*

Phenol 2-ethyl-

2.5

2.1

85.4

-

Phenol 4-methoxy-3-

11.8

9.8

93.1

-

Phenol, 4-ethyl-2-

11.9

9.9

93.3

-

Phenol 2,6-dimethoxy-

12.8

10.7

93.9

-

5-Methyl-2-nitrophenol

-11.2

-9.3

73.9

-

4-(Methoxycarbonyl)phenol

-8.7

-7.2

76.1

-

Phenol,
2,6-dimethoxy-4-2-(2-propenyl)

12.9

10.8

94.0

-

*The value of inhibition efficiency from experiment observed [18].
(8)
value IP of 5-Methyl-2-nitrophenol is high then the value IP
of phenol. When the value IP is high, the molecule is very
(9)
stable but the reactivity is very low. The value of
The results show that the inhibitor efficiency of the phenol is 73.9% where the percentage of this molecule is decreasing.
Molecule for 4-(Methoxycarbonyl)phenol has the same
inhibitor of the phenol derivative in which the efficacy of the
situation
with 5-Methyl-2-nitrophenol. The value of
experimental value inhibitor for phenol is 83.3%. The value
inhibition
efficiency
for 4-(Methoxycarbonyl)phenol is led to
of
for Phenol 2-ethyl- is 2.5% and the value of
is -8.7% and value of
is 2.1%. This molecule Phenol 2-ethyl increases decrease. The value of
is
-7.2%.
The
value
of
and
will
the value of
that's 85.4%. The value of
affect the efficiency of the molecule. The decreasing of
of Phenol 2-ethyl- higher than phenol.
efficiency present that this 4-(Methoxycarbonyl)phenol still
Value
for Phenol 4-methoxy-3- is 11.8% where can be use as inhibitor compound but not high efficiency than
the percentage increases very high that Phenol 2-ethyl-. In the other molecules.
addition, the value of
increased. This is because
Table 3 shows the value of
for the Phenol,
the IP value for Phenol 4-methoxy-3 is low. This shows that 2,6-dimethoxy-4-2-(2-propenyl) molecule is 12.9% and value
the value of
influenced by the IP values because of
is 10.8%. The result shows Phenol,
when the IP value is low, the molecular reactivity is high. The 2,6-dimethoxy-4-2-(2-propenyl) has high value for
value of
for Phenol 4-methoxy-3- is 93.1%.
which is 94.0%. The energy EHOMO and
The molecule of Phenol, 4-ethyl-2- in Table 3 present the ELUMO orbital shows the energy for Phenol,
value of
and
is slightly same with Phenol 2,6-dimethoxy-4-2-(2-propenyl) is higher than others
4-methoxy-3- where the value is 11.9% and 9.9% molecules. The increasing of this molecule inhibitor
respectively. Even though both molecules have the same with efficiency
indication
that
Phenol,
the value of IP but the value of energy LUMO for Phenol, 2,6-dimethoxy-4-2-(2-propenyl) can be use as inhibitor
4-ethyl-2- is low stability. This means the most influence to compound.
inhibitor efficiency depends on the value of IP. The value of
IV. CONCLUSION
for Phenol 4-ethyl-2- is 93.3%.
Also, Table 3 shows the value of
for Phenol Organic inhibitors seem to have the potential to reduce toxic
2,6-dimethoxy- the molecule is 12.8% and the value of problems and to offer corrosion solutions in the anodes of
is 10.7%. The result shows Phenol 2,6-dimethoxy- metal-air batteries. Eight phenol derivatives were selected in
has high value for
which is 93.9%. The energy this study to analyze the organic inhibitors via DFT
HOMO and LUMO orbital shows the energy for Phenol calculations. The findings of this research show that phenol
2,6-dimethoxy- is high. The energy of HOMO and LUMO is 2,6-dimethoxy had the highest efficiency of inhibition.
effected by inhibitor efficiency for this phenol derivatives.
Although phenol 2 Phenol, 2,6-dimethoxy-4-2-(2-propenyl)
The difference with the other molecules, molecule for displayed low stability; the reactivity of this molecule was
5-Methyl-2-nitrophenol is to show the value of
is high.
-11.2% and value of
is -9.3%. This molecule has
the lower value than others molecules. This is because the
Retrieval Number: B2884078219/19©BEIESP
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Besides, the lower value of the chemical potential and the
electrophilicity index make this molecule an excellent
inhibitor. All the phenol derivatives led to an increase in
inhibition efficiency, except 5-methyl-2-nitrophenol. This
5-methyl-2-nitrophenol exhibited the lowest efficiency of the
barrier. Therefore, it can be concluded that phenol derivatives
can improve inhibition efficiency as an organic inhibitor.
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