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Original Research Article
Theoretical Study of the Efficiency of some Nitro Benzenamine Derivatives
in Acidic Medium to serve as Excellent Organic Corrosion
Inhibitors of Mild Steel

Abstract

A quantum chemical study of the efficiency of some nitro benzenamine derivatives as
corrosion inhibitors of mild steel in acidic medium was investigated. Density Functional
Theory (DFT) at the B3LYP/6-31G* level was used for the calculation. The calculated
quantum chemical parameters related to the inhibition efficiencies are the orbital energies
(Enomo and Epumo), Separation Energy (Eprumo-Enomo), Dipole moment (p), Substituent
constant (Log P), Polarizability, molecular volume, molecular weight and mulliken charge of
atom. The results showed that the Inhibition Efficiency was closely related to these quantum
chemical parameters. Results revealed that @deca—1,3,5,7,9—pentyl)—2—nitrobenzenamine
(molecule 6) showed the greatest Inhibition Eificiency (IE) of the Nitro benzenamine
derivatives.

Keywords: A. Mild Steel; A. Acid solution; B. Modelling Studies; C. Acid inhibition
Introduction

One effective way of protecting metals against corrosion particularly in acid environment is
by the use of organic inhibitors [1,2,3]. Organic inhibitors are effective corrosion inhibitors
and they are not toxic to the environment [4,5,6]. High performing acid inhibitors are organic
compounds containing hetero atoms such as N, S, O. The presence of aromatic ring,
conjugated double bonds and substituent group such as NH,, NO, could further enhanced the
effectiveness of these organic inhibitors as excellent corrosion inhibitors [7,8,9,10,11,12,13].
The inhibiting action of these organic compounds is most often attributed to their adsorptive
interactions with the metal surface. The use of quantum chemical parameters presents three
main advantages: firstly, the compounds with respect to the parent compound, various
fragments and substituents can be directly characterized on the basis of their molecular
structure only. Secondly, the proposed mechanism of action can be directly accounted for in
terms of chemical reactivity of the compounds under study [1,7], and thirdly novel organic
inhibitors could be simulated [8]. The theoretical prediction of the efficiency of corrosion
inhibitors in selecting excellent corrosion inhibitors have continuously gained popularity
especially with the significant progress in the building of sophisticated software packages
which has being employed in quantum mechanical calculations [14-15]. The use of some
organo nitro compounds such as nitro aniline and its derivatives as effective organic
inhibitors is interesting and can offer a great deal of solution to the unending corrosion
challenge [16-21]. However, it has not being extensively reported as such few reports exist in
literature to date. Thus the aim of this study is to theoretically investigate the efficiency of
some Nitro aniline derivatives with the view of simulating a nitro aniline compound to serve
as an excellent organic corrosion inhibitor.
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THEORETICAL METHOD

All the quantum chemical calculations were performed with SPARTAN’14. The full
optimization was initially achieved by using molecular mechanics force fields (MMFF). The
results from MMFF were further selected as input and re-optimized using Semi empirical
AMI1. The Semi empirical AM1 structures were selected as input and were re-optimized
using Density Functional Theory (DFT) at the level of B3LYP methods which uses the
exchange functional proposal by Becke [22] and all the correlations functional given by Lee,
Yang and Parr [23]. The 6-31G* basis set has been used in conjunction with DFT method
because it has the advantage of being flexible enough to guarantees reliable theoretical results
and being small enough for rapid calculations. It represents an excellent compromise between
completeness and economy. The molecular geometry was fully optimized without any
constraint using analytical gradient procedure implemented within the program package
[14,18,19,20,21].The following quantum chemical indices were considered: the energy of the
highest occupied molecular orbital (Egomo), the energy of the lowest unoccupied molecular
orbital (ELumo), separation energy (ELumo — Enomo), dipole moment (n), Log P, and
Polarizability of the various nitro aniline derivatives. The chemical structures and optimized
geometry of nitro benzenamine derivatives are shown in Figures 1 and 2 respectively.

Results and discussion

It is obvious from the molecular structure that the investigated nitro aniline compounds
contain the amino group which has basic properties due to the presence of lone pair of
electrons of the nitrogen atom. The importance of the basic properties of NH, group is the
formation of complexes of amine with metal ions. The inhibition efficiency of some nitro
aniline derivatives such as 2 ‘@ benzenamine, 3 ro benzenamine and tro
benzenamine on the corrosion of | surface have being measured experimentally [I0,17],
however that of 2 nitro—5@r1 benzenamine, 5—(buta—1@ienyl)—2—nitr0benzenamine and
5 Qeca—l,3,5,7,9—pentyl -Z-nitrobenzenamineare yet to be experimentally explored.
Quamum chemical parameters obtained from the calculations which are responsible for the
inhibition efficiency of inhibitors such as the energies of frontier molecular orbitals (Epomo
and Eruymo), separation energy (Erumo — Enomo), the net charge on the amino group, dipole
moment, substituent constant (log p), polarizability, molecular volumes and molecular
weights are tabulated in table 1.

The Egomo is often associated with the electron donating ability of molecule [24,25,26].
Therefore, increasing values of Eygomo indicates higher tendency for donation of electrons to
the appropriate acceptor molecule with low energy and empty molecular orbital, thus
increasing values of Epomo facilitate the adsorption of the inhibitor [25]. The Eprumo
indicates the ability of the molecule to accept electrons. Hence, the lower the value of Erymo
the more apparent for the molecule to accept electrons [27]. The separation energy which
indicates reactivity is the energy difference between the HOMO and the LUMO. The energy
gap also relates to how soft or hard a molecule is. A larger energy gap indicates low reactivity
to chemical specie, thus a soft molecule is more reactive than a hard molecule [25,26,27,28].
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The binding ability of the inhibitor to the metal surface increases with increasing the energy
of HOMO, decreasing energy of LUMO and low separating energy values.

Dipole moment () is another useful quantum index for the prediction of the direction of a
corrosion inhibition process. It is a measure of polarity in a bond and is related to the
distribution of electrons in a molecule. Although literature is inconsistent on the use of dipole
moment as a predictor for the direction of a corrosion inhibition reaction, it is generally
agreed that the adsorption of polar compounds possessing high dipole moments on the metal
surface should lead to better inhibition efficiency [29,30].

Polarizability is the ratio of induced dipole moment to the intensity of the electric field. The
induced dipole moment is proportional to polarizability [31].

The values of log p (substituent constant) were also found to have a good relationship with
the corrosion inhibition efficiencies of the studied inhibitors. Substituent constants are
empirical quantities which account for the variation of the structure and do not depend on the
parent structure but vary with the substituent. Hence increasing the value of log p increases
the inhibition efficiencies of organic inhibitors [32].

Molecular volume and weight are quantum parameters that determine molecular size and
effective surface coverage. These invariably determine how effective a molecule can be
adsorbed on and cover metal surface, thereby isolating it from the corroding environment. As
the value of these parameters increase, so also the likely corrosion inhibition potentials of the
molecules increase [21].

The calculated quantum chemical parameters show that 2 nitro benzenamine with HOMO
and the LUMO orbital energies at -6.06eV and -2.17eV, respectively and separation energy
of 3.89eV this clearly marks 2|@o benzenamine a corrosion inhibitor with higher reactivity
toward the metal surface as compared to 3 n'benzenamine and 4 benzenamine.
calculations reveal that its values for dipole morment, log p, polarizability, molecular weight
and molecular volume are 4.74debye, -4.35, 51.02, 138.126amu and 130.30A3 respectively.

The effect of nitro substituent on the meta and para position in the nitro benzenamine shows
that the separation energy increases to 3.90eV for 3 nitro [en}tenamine and 4.29¢eV for 4
benzenamine. Similar quantum chemical values were carculated for log p, polarizability,
molecular weight and molecular volume except for dipole moment.

The effect of alkenyl substituent group in conjugation to the aromatic ring in the case of
inhibit ,5 and 6 will further decrease the energy of the HOMO orbital, increase the
energy of the LUMO orbital and decrease the separation energy. With inhibitor 6 having the
lowest separation energy of 2.70eV, highest HOMO energy of -5.29eV and lowest LUMO
energy of -2.59eV.This clearly shows inhibitor 6 as the most reactive molecule with the
greatest binding ability to the surface of the metal. This great inhibiting potential could also
be attributed to the conjugated double bonds having sufficient & electrons thereby reducing
the energy gap between the HOMO and LUMO orbitals. The calculated dipole moment, log p
and polarizability show a gradual increase with the highest values being that of inhibitor 6,
Table 1. Inhibitor 6 has the highest molecular volume, 293.04A and molecular weight,
268.316amu due to the attachment of deca-1,3,5,7,9-pentyl group to the aromatic ring, which
probably makes a better surface coverage of the metal surface which explains the highest
inhibition efficiency for the inhibitor 6.
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The calculated Mulliken charge shows that the nitrogen atom of the amine group and the
oxygen atoms could act as active centres for the adsorption of the nitro benzenamine
molecule on the metal surface. The charge distribution over the whole molecule is shown in
figure

Molecular orbital calculations are performed to determine the molecular orbital coefficients
of the HOMO and LUMO levels for the studied nitro benzenamine derivatives as corrosion
inhibitors to explain the mechanism of their adsorptions on the metal surface. The HOMO
electronic density distribution for the nitro benzenamine derivatives are shown in figure 4. It
is evident from the calculations that the highest coefficients are found on the nitrogen atom of
the amino group and the phenyl moiety which can be represented as active adsorption centres
of the inhibitors. The adsorption of inhibitors 1@occurs through the lone pairs of electrons
of the nitrogen (N;) atom, oxygen atoms and & charges of the phenyl moiety and in the case
of inhibitors nd 6, adsorption occurs through the lone pairs of electrons of the nitrogen
(N) atom, oxygen atoms, © charges of the phenyl and alkenyl moieties.

The LUMO plot is shown in figure 5. The highest coefficient is localised on the nitrogen
atom which can facilitate the back donation from the metal surface to the amino group of the
inhibitor. This will increase its adsorption on the metal surface and accordingly increases its
inhibition efficiency. The adsorption mechanism of the nitro benzenamine inhibitors on the
metal surface can be explained as electron donation from the inhibitor molecule to the metal
surface and back donation from the d-orbital of the metal surface to the m anti-bonding
counterpart of the inhibitor. In summary the above results indicate that the nitro benzenamine
derivatives inhibitors are adsorbed on the metal surface through the nitro group, amine group
and the highly electronegative nitrogen atom, the oxygen atoms and the m charge of the
phenyl and alkenyl moieties.

Conclusion

Quantum chemical calculations based on DFT/B3LYP level were performed to find the
relation between the molecular structure of the inhibitor and the inhibition efficiency. The
calculated quantum chemical indices confirm that the bonding of an alkenyl group in
conjugation to the aromatic ring increases the inhibition efficiency of the inhibitor toward the
metal surface with the highest potential inhibition efficiency obtained for 5- a-1,3,5,7,9-
pentyl)-2-nitrobenzenamine(inhibitor 6).

References

[1.] R.M. Issa, M.K. Award, F.M. Atlam. DFT theoretical studies of
antipyrine Schiff bases as corrosion inhibitors. Materials and corrosion.
60 (2009) 1-6

[2.] A.A. Ahmed, KH. Abdul Amir, M.A. Abdul Hameed, M. Abu
Bakar, S.H. Pua. Novel Corrosion Inhibitor for Mild Steel in HCI.
Materials 7 (2014) 662-672

[3.] D. Ben Hmamou R. Salghi, A. Zarrouk, M. Messali, H. Zarrok, M.

Errami, B. Hammouti, L. Bazzi, A. Chakir. Inhibition of steel


SONY VAIO
Sticky Note
inhibitors 1,2,3 should be rewritten as inhibitors 1, 2, 3

SONY VAIO
Sticky Note
5-( deca-1,3,5,7,9-pentyl)-2-nitrobenzenamine(inhibitor 6) should be rewritten as 5-(deca-1,3,5,7,9-pentyl)-2-nitrobenzenamine (inhibitor 6)

SONY VAIO
Sticky Note
.

SONY VAIO
Sticky Note
inhibitors 4,5 and 6 should be rewritten as inhibitors 4, 5 and 6


UNDER PEER REVI EW

167
168
169

170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214

[4.]

[5.]

[6.]

[7.]

[8.]

[9.]

[10.]

[11.]

[12.]

[13.]

[14.]

corrosion in hydrochloric acid solution by chamomile extract. Der
PharmaChemica, 4 (2012) 1496-1505

N. S. Patel, S. Jauhariand, G. N. Mehta, S. S. Al-Deyab, 1. Warad, B.
Hammouti. Mild Steel Corrosion Inhibition by Various Plant Extracts
in 0.5M Sulphuric acid. Int. J. Electrochem. Sci. 8 (2013) 2635-2655

E. Mehdi, J.B. Wan, K. Hamid, M.A. Hapipah. Corrosion inhibition
properties of pyrazolylindolenine compounds on copper surface in
acidic media. Chemistry Central Journal. 6 (2012) 1-10

E. H. El Ashry, A. El Nemr, S. Essawy, S. Ragab. Corrosion
inhibitors part 3 quantum chemical studies on the efficiencies of

some aromatic hydrazides and Schiff bases as corrosion inhibitors of
steel in acidic medium ARKIVOC 2006 (xi) 205-220

L.M.R. Valdez, A.M. Villafane, D.G. Mitnik. CHIH-DFT theoretical
study of isomeric thiatriazoles and their potential activity as corrosion
inhibitors. J. Mol. Struct.: Theochem. 716 (2005) 61-65.

A.E. Stoyanova, S.D Peyerimhoff. On the relationship between
corrosion inhibiting effect and molecular structure. Electrochim. Acta.
47 (2002) 1365-1371.

B. Gomez, N.V. Likhanova, M.A.D. Aguilar, R.M. Palou, A. Vela, J.L.
Gasquez. Quantum chemical study of the inhibitive properties of 2-
Pyridyl-Azoles. J. Phys. Chem. B110 (2006) 8928-8934.

M. Finsgar, A. Lesar, A. Kokaij, I.LA. Milosev. A comparative
electrochemical and quantum chemical calculation study of BTAH and
BTAOH as copper corrosion inhibitors in near neutral chloride
solution. Electrochim. Acta. 53 (2008) 8287-8297.

B.E. Amitha Rani, B.B. Bharathi, Green Inhibitors for corrosion

protection of metals and alloys: An overview, International Journal of
Corrosion. 2012 (2011) 1-15.

O.R.M. Khalifa, A.K. Kassab, H.A. Mohammed, S.Y. Ahmed.
Corrosion Inhibition of Copper and copper alloy in 3M Nitric acid
solution using organic inhibitors. Journal of American Science. 6
(2010) 487-498.

F.M. Al-Kharafi, 2-amino-thiazole and 2- amino-4,6-dimethyl
pyrimidine as corrosion inhibitors for copper corros.sci. 28 (1988) 168.

G. Gokhan. The use of quantum chemical methods in corrosion
inhibitor studies. Corrosion Science. 50 (2008) 2981-2992.



UNDER PEER REVI EW

215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253

254
255
256
257

258
259
260
261
262
263

[15.]

[16.]

[17.]

[18.]

[19.]

[20.]

[21.]

[22.]

[23.]

[24.]

[25.]

[26.]

[27.]

K.F. Khaled, A.A. Mohammed. Dry and wet lab studies for some
benzotriazole derivatives as possible corrosion inhibitors for copper in
1.0 M HNO:s.

S.M. Shagat, T.M. Bhagat, A.R. Unhadkar, M.N. Deshpande. Organic
compounds containing -NH,, -OH groups as corrosion inhibitors.
Oriental journal of chemistry. 26 (2010) 1545-1548.

R.T. Vashi, S.A. Desai, P.S. Desai. Nitro aniline as corrosion inhibitor
for zinc in nitric acid. Journal of environmental research and
development. 3 (2008) 97-104.

G. Gokhan, B. Semra. Quantum chemical study of some cyclic
nitrogen compounds as corrosion inhibitors of steel in NaCL media.
Corrosion science. 51(2009) 1876-1878.

L.B. Obot, N. O. Obi-Egbedi, S. A. Umoren, Adsorption Characteristics
and Corrosion Inhibitive Properties of Clotrimazole for Aluminum
Corrosion in Hydrochloric Acid, Int. J. Electrochem. Sci., 4 (2009)
863-8717.

S. Iran, N. Hossein. Theoretical study on the structural effect of some
organic compounds as corrosion inhibitors on mild steel in acid media.
Bull. Chem. Soc. Ethiop. 23 (2009) 309-313.

R.M. Issa, M.K. Award, F.M. Atlam. Theoretical investigation of the
inhibition of corrosion by some triazole Schiff bases. Materials and
corrosion. 60 (2009) 813-819.

D. Axel, Becke. Density-functional thermochemistry.Ill. The role of
exact exchange. J. Chem. Phys. 98 (1993) 5648-5652.

C. Lee, W. Yang, R.G. Parr. Development of the colle-salvetti
correlation-energy formular into a functional of the electron density.
The American physical society 37 (1998) 785-789.

S. Xia, M. Qiu, L. Yu, F. Liu, H. Zhao. Molecular dynamics and
density functional theory study on relationship between structure of
imidazoline derivatives and inhibition performance. Corros. Sci. 50
(2008) 2021-2029.

E.E. Ebenso, D.A. Isabirye, N.O. Eddy. Adsorption and Quantum
Chemical Studies on the Inhibition Potentials of Some
Thiosemicarbazides for the Corrosion of Mild Steel in Acidic
Medium.Int. J. Mol. Sci.11(2010) 2473-2498.

T. Arslan, F. Kandemirli, E.E Ebenso, 1. Love, H. Alemu. Quantum
chemical studies on the corrosion inhibition of some sulphonamides on
mild steel in acidic medium.Corros. Sci. 51 (2009) 35-47.

E. E. Ebenso, T. Arslan, F. Kandemirli, I. Love, C. Ogretir, S. Murat,
S. A. Umoren. Theoretical Studies of Some Sulphonamides as



UNDER PEER REVI EW

264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288

289
290

201

292

293

294

[28.]

[29.]

[30.]

[31.]

[32.]

Corrosion Inhibitors for Mild Steel in Acidic Medium. International
Journal of Quantum Chemistry. 110 (2010) 2614-2636.

Ebenso, E.E.; Arslan, T.; Kandemirli, F.; Caner, N.; Love, . Quantum
chemical studies of some rhodanineazosulpha drugs as corrosion
inhibitors for mild steel in acidic medium. Int. J. Quantum Chem.
2010, 110, 1003-1018.

K.A. Mohamed. Quantum chemical studies and molecular modeling of
the effect of polyethylene glycol as corrosion inhibitors of an
aluminum surface. Canadian Journal of Chemistr.91 (2013) 91 283-
291.

P.A. Jeeva, S. Harikumar, S. Karthikeyan, S. Narayanan,
A.Mukherjee, N.Chandrasekaran. Mechanical studies of
ThioCompunds on the corrosion inhibition of mild steel in acidic
media. International Journal of PharmTech Research. 4 (2012) 1422-
1427.

C.T. Wang, S.H. Chen, H.Y. Ma, C.S. Qi. Protection of copper
corrosion by carbazole and N-vinylcarbazoleself assembled films in
NaCl solution. J. Appl. Electrochem. 33 (2003) 179-186.

G. Gece. Drugs a review of promising novel. Corrosion science 53
(2011) 3873-3898.

Table 1: Quantum chemical parameters of Nitro aniline derivatives using DFT method

Quantum Molecule | Molecule | Molecule | Molecule | Molecule | Molecule
chemical 1 2 3 4 5 6
parameters

Etomo (€V) -6.06 -6.14 -6.25 -6.07 -6.02 -5.29
ELumo (€V) -2.17 -2.24 -1.96 -2.34 -2.42 -2.59
ELumo - EHomo | 3.89 3.90 4.29 3.73 3.60 2.7
(eV)

Dipole 4.74 5.65 7.12 5.04 5.48 6.79
moment (1)

Log P -4.35 -4.35 -4.35 -4.03 -3.51 -1.97
Polarizability | 51.02 51.10 50.99 53.70 56.37 64.51
Volume (A%) | 130.30 131.19 131.12 162.77 195.34 293.04
Weight 138.126 | 138.126 | 138.126 | 164.164 | 190.202 | 268.316
(amu)
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Figure 1.Chemical structure of Inhibitors.
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