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examine anticorrosion potential of the 3, 5-dimethyl-4-nitroisoxazole (DNI) for mild
steel in a 2M HCI solution at the temperature range of 30°C — 60°C. The results obtained
revealed that inhibition efficiency increased with an increase in inhibitor concentrations

Keywords: ranging from 2x10“4 M to 10x10* M. The maximum inhibition at the optimum
j éﬁﬂgghyl'4'”itr0i50><320'ei concentrations of DNI in HCI solution at 30°C was 71 %. The negative values of Gibb’s
v Mild steel’; free energy (AGPqds) ranged from -14.52 kJ/mol to -22.57 kJ/mol indicating spontaneous
v Enthalpy; adsorption of the inhibitors on a mild steel surface, and the adsorption mechanism is

v Adsorption physisorption. The positive values of AH® reflect the endothermic behavior of the
adsorption of the studied inhibitor on the mild steel surface. The negative values for
entropy imply that the adsorption process is accompanied by a decrease in entropy.
Fukui index was proposed to foresee electrophilic and nucleophilic sites of the inhibitor
molecule. The Fourier transformed infra-red spectrophotometer was used to identified
the functional groups participating in the inhibition process. Some functional groups of
the inhibitor disappeared while some were re-characterized by shifts in frequency of
absorption. FTIR results confirm the adsorption of DNI molecule on the mild steel
surface.
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1. Introduction

The corrosion process is a phenomenon that revolves around the utilized acid (HCI, H2SO4 or
H3POa), the concentration of the acid, the flow velocity, the absolute temperature, and the existence
of dissolved inorganic or organic elements which constitute a complication for its distended
applicability (Sastri, 2012; Zarrok et al., 2012). For instance, acids as media are employed in
methods such as decalcification, acidification, and pickling of oil, in the detriment of inorganic-metal
components corrosion (El-Etre, 2008). From the perspectives of tragic accidents together with loss of
life, corrosion is very critical. Corrosion phenomenon is considered in a very critical way from the
viewpoint of safety, environmental impact and economics. The economic sides of corrosion are
extremely beyond what most people realize. The survey carried out by the NACE-NBS (National
Association of Corrosion EngineersNational Bureau of Standards), the overall cost of corrosion in
Canada is valued at approximately 2.5% of their total GDP, emphasizing the costs of handling
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corrosion effects, not merely the safety and environmental mischief of corrosion, in a global society.
According to a 2001 report, the expenditure on corrosion in the U.S. alone was $276 billion per year.
Of this, about $121 billion was spent to control corrosion, leaving the difference of $155 billion as
the net loss to the economy.

On the other hand, the protection of the transition metal-surface against dissolution with the
organic compounds remained the upmost efficacious and economical method. The inhibition of
corrosion in several acidic media may be ensured by adding a variety of organic inhibitory
compounds containing electronegative functional groups (i.e., C=0, =N-N=, =N-C...etc.) and n-n
systems in conjugated double or triple links, which indeed exhibit satisfactory inhibiting properties
by supplying electrons through n-n orbitals (Le Goff and Ouazzani, 2014; Hosseini, 2007; Thoume
et al., 2020). However, the employment of organic inhibitors in aggressive environments can, in
some cases, induce the exaltation of the inorganic-metal corrosion (Solomon et al., 2020). Many
azole derivatives such as oxazole (Solomon et al., 2020), pyrazole (Glaser et al., 2000; EI Ouafi et
al., 2002; Tebbji et al., 2007; Yadav et al., 2016) and Benzimidazole (EI Arrouji et al., 2016; El
Arrouji et al., 2020) compounds have been recently studied as corrosion inhibitors for mild steel in
hydrochloric acid, and have been shown exhibited good inhibition properties.

In the current paper, we are to investigate the corrosion inhibition properties of 3, 5-dimethyl-
4-nitroisoxazole in 2 M HCI by using gravimetric, computational and IR method of analyses. The
study of 3, 5-dimethyl-4-nitroisoxazole was due to its accomplishment of the crucial requirements of
corrosion inhibitors as reported by Umoren (2008). Moreover, it has not been used as mild steel
corrosion inhibitor in Hydrochloric acid to the best of our knowledge. The study shall involve
investigating anti-corrosion potential of the 3, 5-dimethyl-4-nitroisoxazole for mild steel in an acidic
medium. It is also likely that with the various adsorption sites, complexes will be formed with the
metal ions and on the metal surface (Umoren, 2011). A thin protective layer built up by the organic
compound on the metal surface protects the metal from the corrosive attack of the surroundings by
bringing down the corrosion rate (Chauhan et al., 2021; Azzaoui et al. 2017; Abboud et al. 2009). A
comparative work was performed to inspect the inhibition activity of this derivative in connection
with their molecular geometries (extent of planarity), global and local electronic properties in a
destructive acid aqueous medium. Furthermore, their deformation capacity to adhere to the mild steel
surface was investigated through the calculations supported by the DFT method of the 3, 5-dimethyl-
4-nitroisoxazole (DNI) (Figure 1).

This work shall aid in the assimilation of corrosion mechanisms and minimize corrosion
setback. The 3, 5-dimethyl-4-nitroisoxazole is a product of Sigma Aldrich, and the structure is shown

in Figure 1.

NO Hs

2 C
/o
CH3 O/
Figure 1: Chemical Structure of 3, 5-dimethyl-4-nitroisoxazole

2. Methodology
2.1 Gravimetric experiments

The various concentrations of 3, 5-dimethyl-4-nitroisoxazole were prepared using 2 M HCI
solution. The coupons with dimension of 5 x 4 cm were immersed in 100 ml test solutions
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maintained at 303 — 333 K. The experiment was performed on mild steel coupons after being
polished with SiC abrasive papers and degreased in absolute ethanol, dried in acetone and store up in
moisture-free desiccators before use (Oguzie et al., 2012). The examination of weight loss
measurement was considered by retrieving the coupons from test solutions at 2 h intervals
progressively for 10 h, washing in zinc dust solution with a bristle brush, rinsing in distilled water,
drying in acetone, and re-weighed (Oguzie et al., 2012). The difference between the initial weight
and the weight of the coupons at a given time interval was considered as the weight loss.

2.2 Molecular modeling

The PM7 Hamiltonian in the MOPAC 2014 software was used in computing semi-empirical
parameters for the molecule (Ebenso et al., 2010). TheFull optimization was done using molecular
mechanics, Ab initio, and DFT level (Eddy et al., 2015). Single point DFT calculations were also
carried out using Hyperchem release 8.2 packages. DFT setting (MP2 inclusive) in the package were,
Basic set: 321-G, iteration = 50, spin pairing = unrestricted Hartree Fock, convergence limit = 1E-
0.05 and Spin multiplicity = 1 (for zero charge and 2 for +1 and -1 charges). The relation between the
inhibition efficiency of this inhibitor and the quantum chemical parameters was considered (Eddy et
al., 2010). The corrosion inhibition mechanisms were studied using quantum chemical calculations,
and the probable physical properties were determined to know which could make the inhibition
possible.

2.3 Surface Characterization

The microstuctural features were identified by using Fourier Transform Infra Ray (FT-IR), and
the coatings were studied to interpret the results of corrosion tests. The surfaces of the corroded
samples were observed after 24 h of immersion in the respective corrosive medium. The IR spectra
were recorded for the DNI solution and 2.0 M HCI solution after 24 h of mild steel sample immersion
at 303 K. The mild steel was retrieved and scraped out the corrosion products from the surface for the
test.

3. Results and Discussion
3.1 Weight loss studies

To minimize the corrosion of mild steel in the acidic medium, the gravimetric experiment was
carried out by using the 3, 5-dimethyl-4-nitroisoxazole (DNI) as the inhibitor (Ebenso et al., 2010),
pyrazole (Eddy et al., 2015; Eddy et al., 2010). The weight loss measurement was observed to
increase with an increase in time but decrease with an increase in concentrations of the 3, 5-dimethyl-
4-nitroisoxazole (Table 1). A similar trend was observed by many researchers (Umoren, 2008),
pyrazole (Kousar et al., 2021; Khaled et al., 2012; Obi-Egbedi et al., 2011; Obot et al., 2010; Tang et
al., 2006; Obot et al., 2008). Figure 2 showed the weight loss measurements with time at 30° C and
related trends were observed at 40, 50, and 60° C. An increase in corrosion rates with contact time for
all systems and a decrease in corrosion rates due to the addition of the studied inhibitor is shown in
figure 2. This indicates the retardation of the mild steel corrosion in the corrosive environment
(Njoku et al., 2019; Jackson and Essien, 2019; Ghazoui et al., 2013). A similar result was reported by
Paul et al. (2019).

The studied compound exhibits corrosion-inhibiting effects at all concentrations reaching a
maximum inhibition efficiency of 71 % at the optimum concentration of 10 x 10 M (Table 1). The
studied inhibitor was found to be more efficient at 303 K (Table 1) (Hosseini et al., 2010). This result
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corresponds to that of Paul et al. (2019), Essien et al. (2022) and Dohare et al. (2019) which is
attributed to partial desorption of the molecules from the Mild Steel surface.
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Figure 2: Plot of weight loss versus time (h) in the absence and presence of different concentrations
of DNI at 30°C.

Table 1: Calculated values of corrosion rate (CR), surface coverage (0) and inhibition efficiency
(%I) of mild steel corrosion in different concentration of DNI

303K 313K 323K 333K
Conc. of CR 0 | CR 0 | CR 0 | CR 0 I
[DNI] (M) x (mml/yr) (%)  (mml/yr) (%)  (mmlyr) (%)  (mmlyr) (%)
104 x 10° x 103 x 103 x 103
Blank 3.00 - - 4.96 - - 6.34 - - 8.41 - -
2 2.01 033 33 382 023 23 501 021 21 7.57 0.10 10
4 1.83 039 39 357 028 28  4.69 0.26 26 7.23 014 14
6 1.65 045 45 317 036 36 457 0.28 28 6.81 019 19
8 1.50 0.50 50 2.93 041 41 438 031 31 6.56 022 22
10 0.88 071 71 2.53 049 49 393 0.38 38 6.06 028 28

3.2 Effect of temperature

To understudy the temperature dependence of corrosion rates in uninhibited and inhibited
solutions, the gravimetric measurements were carried out in the temperature range 303 K — 333 K in
the presence of different concentrations of DNI in 2 M HCI solutions (Dohare et al., 2019; Ozoemena
et al., 2023). The inhibition efficiencies as a function of concentrations are presented in table 1. The
results show that inhibition efficiency increased with the concentration of inhibitor (Fouda et al.,
2006; salim et al.,2016). Similar behavior was reported by many researchers (Eddy et al., 2015;
Dohare et al., 2019; Jackson et al., 2016; Verma et al., 2020; Ouchrif et al., 2005; El Ouadi et al.,
2021). High efficiency of 71 % was noticed after 10 h, which points out, that the surface coverage of
the substrate by these inhibitors attended an optimum level within 10 h. From the results, the highest
concentration of this inhibitor at 303 K gives maximum inhibition efficiency. The results show that
inhibition efficiency decreases as the temperature increases indicating the physisorption process as
reported by Khaled et al. (2012). From the results, it could be observed that inhibitor concentration
increases as the corrosion rate decreases, thus leading to an increase in the inhibition efficiency.
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Careful investigation performed for Temkin, Langmuir, Frumkin and Freundlich isotherms
(equations 1-4) would show the most fitting isotherm with maximum regression coefficients, R2,
using the following relationships:

Temkin isotherm  exp (f. 0) = Kags C 1)
Langmuir isotherm 6/ (1- 0) = Kags C (2)
Frumkin isotherm 0/ (1- 0) . exp (-2f. 0) = Kags C (3)
Freundlich isotherm 6 = Kags C 4)

where Kags is the equilibrium constant of the adsorption process, C is the inhibitor concentration and f
the heterogeneous factor of metal surface.

The adsorptions of this inhibitor on mild steel surfaces were studied using adsorption isotherms
(figures 3a and 3b) (Obot et al., 2010; Obi-Egbedi et al., 2011; Essien et al., 2022). Adsorption
isotherms gave vital information on the interaction of inhibitor and metal surfaces as observed by
Umoren (2008). The degree of surface coverage values (0) at different inhibitor concentrations in 2
M HCI solutions were assessed from weight loss measurements at 303 K — 333 K and tested
graphically for fitting to a suitable adsorption isotherm (Tang et al., 2006; Jackson and Essien, 2019;
Jackson et al., 2016). The adsorption isotherm model considered was Temkin isotherm (Figure 3a) as
reported by Obot and Obi-Egbedi (2011 & 2008). The best-fitted straight line in all the adsorption
isotherm models considered was in the Temkin isotherm (figure 3a) with correlation coefficients (R2)
ranging from 0.9977 > R2 > 0.9304. The values of molecular interaction parameter ‘a’ shown in table
2 are negative in all cases which implies attraction in the adsorption layer. A similar result was
observed by Obot and Obi-Egbedi (2008). It is obvious from table 2 that, the values of Kags are very
low indicating weak interaction between the inhibitor and the mild steel surface which implies the
electrostatic interaction (Physisorption) between the inhibitor molecules and the metal surface (Abd
El Rehim et al., 2001). The negative values of AG°®ags indicates spontaneous process (Jackson and
Essien, 2019; Fouda et al., 2006; Jackson et al., 2016).

Table 2: Adsorption parameters from Temkin isotherm for Mild steel coupons in 2M HCI containing
different concentration of DNI at 30-60°C.

Temp. (°C) Adsorption parameters

Intercept  Slope  Kads (mol/l)  f a -AG®ags (kJ/mol) R?
30 0.223 0.069 25.28 14.49 -7.25 18.25 0.9977
40 0.159 0.065 11.59 15.39 -7.70  16.83 0.9937
50 0.171 0.039 80.64 25.64  -12.82 2257 0.9578
60 0.054 0.044 3.42 22.73 -11.37 1452 0.9918

The activation energy values in Table 3 indicate that the presence of DNI increases the activation
energy of the metal dissolution reaction. The adsorption of the studied inhibitors is believed to take
place on the higher energy sites and the presence of the inhibitor, which results in the blocking of the
active sites, must be related to an increase in the activation energy of mild steel corrosion in the
inhibited state (Soltani et al., 2014). The higher value of E, in the presence of inhibitors compared to
that in its absence and the decrease in the inhibition efficiency (%) with rising in temperature is
deduced as an indication of physisorption.
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Figure 3a: Temkin adsorption isotherm plot as 0 versus In C for Mild steel coupons in 2M HCI
solution containing different concentrations of DNI.
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Figure 3b: Langmuir adsorption isotherm plot as C/6 versus C for Mild steel coupons in 2M HCI
solution containing different concentrations of DNI.

The transition state plot is presented in figure 5 (Solomon et al., 2022; Jackson et al., 2016). The
computed values of the activation parameters for the dissolution of mild steel at different
temperatures are presented in table 3. Examination of these data in table 3 revealed that the positive
values of AH® reflect the endothermic behavior of the adsorption of the studied inhibitor on the mild
steel surface (Tang et al., 2006; Essien and Abai, 2022). The AS° values are negative indicating that
the adsorption is an endothermic process (Tang et al., 2006; Jackson and Essien, 2019; Essien and
Abai, 2022). The adsorption between the organic compound in the aqueous phase [org (sol)] and
water molecules at the electrode surface [H2Oas)) is regarded as a quasi-substitution process (Fouda
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et al., 2006; Essien et al., 2023). Thus, the adsorption of DNI is accompanied by desorption of water
molecules from the electrode surface.
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Figure 4: Arrhenius plot as log CR versus 1/T for mild steel coupons in 2 M HCI containing
different concentrations of DNI.
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Figure 5: Transition State plot as log (CR/T) versus 1/T for mild steel coupons in 2 M HCI
containing different concentrations of DNI.

The difference (Ea - AH) agrees the known thermodynamic equation :
Ea— AH =RT
The obtained values quite equal 2.64 kJ/mol to RT = 8.314*318 where 318 K is the mean

temperature studied. This equation reveals that reduction of hydrogen ion passes first to unimolecular
atom Hags to be combined after to Hags to Ha (Zarrouk et al., 2011; Hammouti et al., 2011).
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Table 3: Activation parameters for Mild steel in 2 M HCI containing different concentrations of DNI

at 30-60°C.

DNI Conc. Activation parameters

(M)x10* | Ea AH AS A (mmiyr) Ea- AH
(kJ/mol) (kJ/mol) (I/mol K1) | x10° (kJ/mol)

Blank 28.12 25.48 -169.55 2.54E+04 2.64

2 35.77 33.13 -147.54 3.57E+05 2.64

4 36.99 34.36 -144.26 5.30E+05 2.63

6 38.88 36.24 -138.95 1.00E+06 2.64

8 40.65 38.01 -133.92 1.84E+06 2.64

10 52.59 49.95 -98.13 1.36E+08 2.64

Consequently, the adsorption process is endothermic and associated with a decrease in entropy of the
solute; the same is factual for the solvent. The thermodynamic parameters obtained are the algebraic
sum of the adsorption of these organic molecules and desorption of water molecules (Soltani et al.,
2014). Thus, the increase in entropy is due to the increase in solvent entropy (Emranuzzaman et al.,
2004). The negative values for entropy imply that the adsorption process is attended by a decrease in
entropy, which is the driving force for the adsorption of DNI on the mild steel surface (Li et al.,
2014).

3.3 Global molecular reactivity

The MOPAC 2014 software was used to compute the quantum chemical parameters (Table 4).
Similar software has been used by Eddy et al. (2011) and Essien & Abai (2022). The HOMO and
LUMO molecular orbitals of the 3,5-dimethyl-4-nitroisoxazolemolecule are shown in figures 6 and 7
respectively. The blue and maroon orbital represent positive and negative sites of adsorption
respectively. The reactivity of a chemical species can be defined as the difference in energy of the
highest occupied molecular orbital (Enomo) and that of the lowest unoccupied molecular orbital
(ELumo).

The smaller the energy gap, the higher reactivity of the chemical species (Jackson and Essien, 2019;
Eddy, 2011; Hmamou et al., 2013; Hayaoui, et al., 2017 ). From Table 4, it is obvious that the energy
gap, AE of the studied inhibitor is 9.78 eV. As a result, the inhibition efficiency of the inhibitor
molecule is 71 %. Figures 6 and 7 showed the distribution of HOMO and LUMO of 3, 5-dimethyl-4-
nitroisoxazole molecule, and it could be seen that the distribution of HOMO and LUMO is mainly
located at the oxazole ring, nitrogen, and oxygen atoms in substituent groups. This kind of
distribution favors the parallel adsorption of oxazole derivative inhibitor onto the metal surface
(Solomon et al., 2022; Yadav et al., 2014). This implies that the inhibitor molecules donate electrons
to the unoccupied d orbital of the Fe atom forming a coordinate bond and the inhibitor molecules
accept electrons from the Fe atom to form a back-donating bond (Deng et al., 2014).

The ionization energy was estimated through the value of Enomo with Semi-empirical calculations. In
this case, two systems, Fe (in mild steel) and inhibitor are brought together, hence, electrons will
flow from the lower system with lower electronegativity (inhibitor) to the system with higher
electronegativity until the chemical potential becomes equal (Ebenso et al., 2010; Eddy, 2011). The
trend for the variation of inhibition potentials of the studied oxazole derivative agrees with
experimental findings. The hydrophobicity of the actual molecule is accounting for by the substituent
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Log P. The hydrophobicity of organic molecule increases with decreasing water solubility. In
corrosion studies, hydrophobicity is related to the mechanism of formation of the oxide/hydroxide
layer on the metal surface (which reduces the corrosion process drastically) (Eddy, 2011; Obot et al.,
2021).

Table 4: PM7 semi empirical parameters for the studied 3, 5-dimethyl-4-nitroisoxazole molecule
Semiempirical Parameters (eV) DNI

Hs (kCal/mol) -2.01
TE (eV) -1949.18
EE (eV) -8790.44
CCR (V) 6841.26
Dipole (eV) 247

IE (eV) 10.95
Eromo (V) -10.95
ELumo (eV) -1.17
EL+ (eV) 9.78
Cosmo area (A?) 159.24
Cosmo volume (A %) 154.48
Hydration energy (kCal/mol) -8.77
LogP -1.77
Refractivity (A% 34.47
Polarizability (A%) 12.40

Figure 6: HOMO electronic density of Figure 7: LUMO electronic density of
DNI molecule DNI molecule

The dipole moment is the measured polarity of a polar covalent bond (Eddy, 2010). From table
4, the negative total energy indicates that the studied inhibitor is a very stable molecule and is less
prone to be broken apart. The dipole moment of the studied inhibitor is 2.47 Debye which is higher
than that of H.O (1.87 Debye) (Eddy, 2010; Essien and Abai, 2022). The high values of dipole
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moment probably increase the adsorption between the compound and metal surface (lkot et al.,
2009). Moreover, effective adsorption of the studied molecules on the mild steel surface is enhanced
by higher area and volume. Literature discloses that there are several abnormalities in the correlation
involving dipole moment and inhibition efficiency, noting that core-core repulsion (C—C) energy is a
quantum chemical parameter that has a tremendous correlation with inhibition efficiency (Eddy,
2010).

3.4 Local molecular selectivity

The condensed softness functions and condensed Fukui was used to determine the local
molecular selectivity of the 3,5-dimethyl-4-nitroisoxazole molecule (Ebenso et al., 2010; Essien and
Abai, 2022; Eddy, 2011). Table 5 showed the local reactivity parameters of the studied inhibitor. The
fact that an electron is transferred to an N electron molecule gives rise to Fukui function. It tends to
distribute to minimize the energy of the resulting N + d electron system (Essien and Abai, 2022;
Eddy, 2011; Ikot et al., 2009; Yadav et al., 2014). The nucleophilic and electrophilic attack comes as
a result of electron density change. The calculated values of f * and f - for carbon, nitrogen, and
oxygen atoms in DNI molecule are shown in Table 5. The nucleophilic and electrophilic attack sites
is at the place where the values of f ™ and f ~are maximum. The metal surface would have strong
contact with an atom with high f * and f - by exchanging electrons (Eddy, 2011). From the f * and f -
presented in table 5, the active sites could be found. As for electrophilic attack index f *, the active
sites of inhibitor DNI are mainly located on N(2), O(8) and O(7). As for nucleophilic attack f ~ of the
studied inhibitor, the active sites are located mostly on the heteroatoms in the substituent groups
(Dohare et al., 2019; Eddy, 2011).

Table 5: Fukui functions for carbon and electronegative elements in 3,5-dimethyl-4-nitroisoxazole

Atom NO.  QHuckel agn On-1 OnN+1 fk‘ fk+ f(z)(r)
0(@) 0.0626898 0.0323 0.0908 -0.0217 -0.0585 -0.0540 0.0045
N(2) -0.221786  0.0465 0.1955 -0.0237 -0.1490 -0.0702 0.0788
C(3) 0.152824 -0.0414 0.0126 -0.0820 -0.0540 -0.0406 0.0134
C(4) -0.0953987 0.0583 0.0734 0.0217 -0.0151 -0.0366 -0.0215
C(5) 0.296654 0.0386 0.0840 -0.0206 -0.0454 -0.0592 -0.0138
N(6) 1.24666 0.0724 0.1248 0.0596 -0.0524 -0.0128 0.0396
o(7) -0.526779  -0.0437 0.0974 -0.1512 -0.1411 -0.1076  0.0335
0(8) -0.938937  -0.0482 0.1012 -0.1713 -0.1494 -0.1231 0.0263
C(9) -0.075342  -0.1038 -0.1241 -0.0979 0.0203 0.0059 -0.0144
C(10) -0.0767933 -0.0886 -0.1165 -0.0852 0.0279 0.0035 -0.0244

The Fukui function is an effective parameter to describe the local reactivity (Deng et al., 2014).
From the results in Table 5, it could be seen that some atoms possessed both high f * and high f -, and
it meant that these atoms had strong capability to attract and donate electrons (Dohare et al., 2019). A
dual descriptor was used to estimate their contribution to exchanging electrons with the metal
surface. The values of f 2 (r) for the studied molecule are presented in Table 5. This indicated that
N(2), N(6) and O(7) are the electrophilic sites with f ? (r) of 0.0788, 0.0396 and 0.0335 respectively.
These three atoms accepted electrons from the metal surface, whereas C(4) and C(10) are the
nucleophilic sites with f 2 (r) of -0.0215 and -0.0244 respectively.
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3.5. Surface Characterization

It is established that IR spectroscopy can be utilized to understand the process of rusting of
steels. FT-IR spectrum of surface film on mild steel immersed in the presence and absence of MPC is
shown in Figure 8. The results revealed that the mild steel corrosion products in the presence of DNI
are IR active.

It has been pointed out that the adsorption band at higher wavenumber region is due to OH
stretching and at lower wave number region is because of Fe-O lattice vibration (Misawa et al., 1974;
Misawa et al., 1971). Moreover, it is also showed that if this peak is sharp, it indicates the purity
level and the prevalence of very small amount of defects (Ganesan et al., 2020). From the results, it
can be seen that the C-Cl band at 722.11 cm™ in 2M HCI spectrum was shifted to 722.24 cm™ in
DNI. The C-H stretching band at 2922.75 cm™ in 2M HCI was shifted to 2965.04cm™ DNI spectra.
By comparing the spectra of adsorbed film with that of DNI inhibitor, we can conclude that some
peaks have shifted to higher frequency region. The presence of these bands in the surface film
indicates the existence of DNI molecule in the surface film. The shifts in the stretching frequencies of
various functional groups present in the inhibitor molecules are resulted due to the involvement of the
molecules in the complex formation. Similarly, the bands at 3419.5cm™in 2 M HCI and 3626.8 cm™
in DNI IR spectra is contributed by the —OH group present in possibly traces of ferric hydroxide
present in the inhibited film. Ishii and Nakahira (1972) also confirmed that the Fe-O stretching
vibration in FesxOa4 corresponds to wave number, 400-600 cm™. Thus, the FT-IR spectrum of the
surface film formed in presence of the inhibitor formulation infers the presence of [Fe(ll)-Inhibitor]
complex and small amounts of oxides and hydroxides of Fe(lll). The disappearance and the shift of
certain peaks to higher wave numbers clearly proved that some interactions have been taking place
over the metal surface (Eddy et al., 2010).

50 -
45 - l —e—MS + 2M HCl + DNI

40 - MS+2 M HCl
35 4
30 -
25 A
20 A
15 A
10 ~

Intensity (%)

561.27 722.24 27253 2965.04 3626.8

Wave number {cm1)

Figure 8: IR spectrum for mild steel (MS) after corrosion in 2 M HCI solution without and with 10 x
10“ M DNI

Conclusion

The 3,5-dimethyl-4-nitroisoxazole molecule was more efficient in a 2 M HCI solution at 303 K. The
thermodynamics parameters proposed physisorption process. The weight loss data fit most in Temkin
adsorption isotherm. Quantum chemical calculations revealed that the studied compound adsorb both
as cationic species and as molecular species using oxygen, nitrogen and carbon as its active centers.
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The local molecular reactivity was used to evaluate the active sites of the inhibitor molecule. FT-IR
spectroscopy was utilized to understand the process of rusting of mild steel. The FT-IR spectrum of
the surface film formed in presence of the inhibitor formulation infers the presence of [Fe(ll)-
Inhibitor] complex and small amounts of oxides and hydroxides of Fe(lll).
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