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Abstract: In this study synthesized and characterization of (1E,1'E)-2,2'-thiobis(1-(3-mesityl-3-
methylcyclobutyl)ethan-1-one) dioxime for both experimental and computational was reported. The solid-state
FT-IR spectrum was observed in the range of 4000-400 cm™ and CDCI3 solvents were used for *H and **C
NMR analysis. The molecular geometry was calculated using the Density Functional Theory (DFT/B3LYP)
method in the ground state with the 6-31G(d, p) basis sets. Vibrational assignments and chemical shifts have
been measured theoretically and compared to experimental data. B3LYP/6-31G(d,p) applied on our title
compound to found different parameters such as the energy of the highest occupied molecular orbital (Enomo),
the energy of the lowest unoccupied molecular orbital (E_ymo), energy gap ( AE = E_ymo - Enomo) and the dipole
moment (p) related to the corrosion efficacy of organic compounds whose molecular geometry and electronic
properties are especially studied were calculated. Properties such as hardness (n), softness (o), electronegativity
(x) values were computed using these measurement results to inhibitor activity. The fraction of transferred
electrons (AN) was also calculated, which determined the interaction between the iron surface and the organic
compounds. Corrosion inhibitor behavior can therefore be predicted without an experimental study. The
findings of the calculations show good relation between organic-based corrosion inhibitors and quantum
chemical parameters process.

Keywords: Dioxime, Experimental Spectroscopy, Theoretical spectroscopy, DFT, Inhibitor activity

(1E,1'E)-2,2'-tiobis(1-(3-mesitil-3-metilsiklobutil)etan-1-on) Dioksim i¢in
Sentez, Karakterizasyon ve Teorik Inhibitor Calismas

Oz: Bu calismada (1E,1'E)-2,2'-thiobis(1-(3-mesityl-3-methylcyclobutyl)ethan-1-one) dioxime sentezlenmis ve
hem deneysel hem de sayisal olarak karakterizasyonu rapor edilmistir. Kat1 faz FT-IR spektrumu 4000-400 cm’
! araliginda gozlemlendi ve 'H ve *C NMR analizi i¢in CDCl; solventleri kullanildi. Molekiiler geometri, 6-
31G(d, p) temel setleri ile temel durumda Yogunluk Fonksiyonel Teorisi (DFT/B3LYP) yontemi kullanilarak
hesaplandi. Titresim sinyalleri ve kimyasal kaymalar teorik olarak Ol¢lilmiis ve deneysel verilerle
kargilagtirtlmistir. Bagliktaki bilesigimize uygulanan B3LYP/6-31G(d,p), en yiiksek dolu molekiiler orbitalin
enerjisi (EHOMO), en diisiik bos molekiiler orbitalin enerjisi (ELymo), enerji boslugu ( AE = E, ymo - Exomo) Ve
ozellikle molekiiler geometrisi ve elektronik ozellikleri c¢alisilan organik bilesiklerin korozyon etkinligine
iliskin dipol momenti (p) hesaplanmistir. Bu 6lglim sonuglar1 kullanilarak inhibitér aktiviteye sertlik (n),
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yumusaklik (o), elektronegatiflik () degerleri gibi dzellikler hesaplanmistir. Demir yiizeyi ile organik bilesikler
arasindaki etkilesimi belirleyen transfer edilen elektronlarin orani (AN) da hesaplandi. Korozyon onleyici

davranis1 bu nedenle deneysel bir ¢alisma olmadan tahmin edilebilir. Hesaplamalarin bulgulari, organik bazl
korozyon inhibitdrleri ile kuantum kimyasal parametreler siireci arasinda iyi bir iligki oldugunu gostermektedir.

Anahtar Kelimeler: Dioksim, Deneysel Spektroskopi, Teorik spektroskopi, DFT, Inhibitor aktivitesi

1. Introduction

An oxime is a chemical compound that belongs to the imines family and has the general formula
R1R,C=NOH, where R; is an organic side-chain and R; is either hydrogen or another organic group,
forming an aldoxime or a ketoxime. The term oxime was invented in the nineteenth century and is
derived from a mixture of the terms oxygen and imine.

Oximes have an amphoteric group (C=NOH), it comprises a moderately acidic hydroxyl group and a
slightly simple nitrogen atom [1]. The aliphatic group of oximes is more resistant to hydrolysis than the
equivalent hydrazones. In the infrared spectrum, oximes have three distinct bands with wavenumbers
of 3600 (O-H), 945 (N-O), and 1665 (C=N) (refer to stretching vibrations) [2]. Oximes are becoming
increasingly important as analytical, biochemical, antifungal, antibacterial, and antimicrobial reagents,
as well as for their high capacity to remove heavy metals, and their use as dyes has attracted interest [3-
7].

Oximes are widely used in science, pharmaceutical synthesis, and the large-scale processing of organic
chemicals. The structural characteristics of coordination compounds, as well as the peculiar reactivity
modes of oximes and their complexes, are studied in depth [8-11].
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Figure 1. Steps for synthesized title compound.

Over the past ten years, the Density Functional Theory (DFT) has become the most common approach
in computational chemistry. Provided molecular geometry, we determined the electronic structure and
spectroscopic assignments of a molecule. DFT offers a range of methods, including LSDA, BPV86,
and B3LYP. Becke 3-parameter Lee, Yang, and Parr correlation (B3LYP) density functional theory
(DFT) [12-15]. Due to their consistent findings with experimental data in fields like physics, chemistry,
and materials science, B3LYP has gained a lot of interest.
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The title compound is first synthesized in our laboratories (Figure 1), and there is no knowledge about
its molecular and vibrational spectroscopic properties in the previous literature. The synthesis,
molecular structure, and spectroscopic characterization with the inhibitor activity of the title compound
are all part of our research. A mix of experimental and theoretical research is used in this article. The
FT-IR and NMR (* H and **C) spectra were recorded. The optimized geometry of the synthesized
compound was also determined theoretically. The experimental data was compared to the computed
molecular structures (geometric parameters), theoretical scaled vibrational spectra (vibration
frequencies), and NMR spectra (chemical shifts). Using Theoretical calculation to determine the anti-
corrosion activity for title compound were study.

2. Experimental

All of the chemicals reagent grade and were used as-is, with no further purification. Gallenkamp
melting point apparatus was used to determine the melting point. Using a Mattson 1000 FT-IR
spectrometer and KBr pellets, the IR spectrum of the title compound was recorded in the range 4000—
400 cm™. On a Varian-Mercury-Plus 200 MHz spectrometer, the *H and **C nuclear magnetic
resonance (NMR) spectra were registered with CDCI-d6 as the solvent.

2.1 Synthesis and Characterization
2,2'-thiobis(1-(3-mesityl-3-methylcyclobutyl)ethan-1-one) (2)

In 100 ml round bottom flask 2.64 g (0.01 mol) 1-Mesitylene-1-Methyl-3- (2-Chlorine-1-Oxyethyl)
Cyclobutane, 1.2 g (0.005 mol) Na,S.9H,0, 60 ml ethyl alcohol the reaction flask allocated with reflux
for 12 hours at 55-60 °C. The precipitated was formed in hexane, dried and crystallized in ethyl
alcohol. Yield 80%, M.p. 194 °C, IR (cm™): 3105 Cyclo alkane (vC-H); 3049 aromatic (vC-H); 2980-
2870 aliphatic (vC-H); 1695 (vC=0); 1600- 1590 aromatic (vC=C); and 690-655 (vC-S-C). *H-NMR
(200MHz, CDCI3, 3): 6.71 (s, 4H, Ar-H); 3.54-3.31 (m, 2x1H, cyclobutane; 2x2H, -CH2-S); 2.51-2.22
(m, 2x4H, Cyclobutane CH2); 2.16 (s, 2x9H, mesitylene CH3); 1.49 (s,2 x 3H, CH3 proton).13C-NMR
(200 MHz, CDCI3, ppm); The structure is symmetry. 207.97 (C=0); 145.09,136.23,135.66,131.79,
(Aromatic C's); 42.24, 41.82, 4015, 26.46, (cyclobutane and aliphatic-CH2); 21.85 (CH3). Elemental
Analysis Results; Theoretical / Experimental C: 78.32 / 78.24, H: 8.63 / 8.73, S: 6.53 / 6.49;
C3H4,0,S; M.wt: 490g/mol.

(1E,1'E)-2,2'-thiobis(1-(3-mesityl-3-methylcyclobutyl)ethan-1-one) dioxime (3)

In 100 ml round-bottom flask contain 49 g (0.01 mol) 2,2-thiobis(1-(3-mesityl-3-
methylcyclobutyl)ethan-1-one), 2.13 g (0.03 mol) hydroxylamine Hydrochloride and 1.2 g (0.03 mol)
NaOH was prepared in 50 ml ethanol, the reaction flask allocated with reflux and thermometer was
continued at 65-70C for 2 days. It was precipitated in ice water, the precipitate was washed with water
and dried in the open air, and crystallized in ethyl alcohol. M.p.:293 °C, yield %91. IR (cm™): 3348-
3253 (v0-H); 3107 Cyclo alkane (vC-H); 3055 aromatic (vC-H); 2980-2870 aliphatic (vC-H); 1650-
1600 (uC=N); 1600 aromatic (vC=C) and 690-655 (vC-S-C). *H-NMR (200MHz, CDCI3, 5): 10.66-
10.63 (br, 2xH, N-OH); 6.71 (s,4H, Ar-H); 3.35-3.18 (m, 2x1H, cyclobutane; 2x2H, -CH2-S); 2.52-
2.31 (m, 2x4H, cyclobutane CH2); 2.15 (s, 2x9H, mesitylene CH3); 1.48 (s,2 x 3H, CH3 proton). **C-
NMR (200 MHz, CDCI3, ppm); 158.51 (C=N-OH); 145.74,136.24,135.47,131.79 (Aromatic C's);
43.25, 41.82, 40.15, 26.46, (cyclobutane and aliphatic-CH2); 21.85 (CH3). Elemental Analysis Results;
Theoretical / Experimental C: 73.80/73.79, H: 8.52/8.53, N: 5.38/15.28, S: 6.16/6.92. C3,H44N205s,
M.wt: 520 g/mol.
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3. Computational Characterization

The Gaussian 09 package was used to perform all of the calculations and the molecular visualization
software Gauss-View, on a computer without any symmetry restrictions for the title compound [16,
17]. Density Functional Theory (DFT)/B3LYP using the basis sets 6-31G(d, p) were used to optimize
the initial guess of the compound for a modeling structure. Geometric parameters (bond lengths, bond
angles, torsion angles) of the title compound have been computed theoretically and compared with
reference data based on the optimized geometry of the molecule. On the optimized molecule, the
theoretical harmonic frequencies and chemical shifts were computed for the same levels in the ground
state. B3LYP is also suited for workstation capability in the Gaussian09W program at 6-31G(d,p) basis
set. The Identifiers of electronic structure from all geometry structures the energy of the highest
occupied molecular orbital (Enomo), the energy of the lowest unoccupied molecular orbital (ELumo),
energy bandgap (AE = Eiumo - Enowmo), and the dipole moment (u), hardness (n), softness (o),
electronegativity (), electrophilicity (o) index, nucleophilicity (¢) index, chemical potential (Pi) and
the fraction of transferred electrons (AN) related with corrosion inhibition activity were calculated.

4. Results and Discussion
4.1 Molecular Geometry

The molecular structure of the title compound was determined using the Density Functional Theory
(DFT/B3LYP) method in the ground state with the 6-31G(d, p) basis sets. Figure 2. show molecular
structures of (1E,1'E)-2,2'-thiobis(1-(3-mesityl-3-methylcyclobutyl) ethan-1-one) dioxime drawing by
GAUSVIEW. Table 2 lists the optimized geometrical parameters (bond lengths, bond angles, and
torsion angles) determined using B3LYP/6-31G(d,p) methods. Mesitylene, cyclobutane, and oxime
groups make up our molecule's composition. For the cyclobutane ring in the compound, the average
bond lengths between carbon atoms is 1.55 °A and the average bond angles formed by the three
carbons is 109.25°. There are no major variations between these values and those stated previously for
cyclobutane derivatives [18-21]. The bond length between S-C is equal to 1.84 °A this value very close
to the literature [22, 23]. The average bond length for the methyl group in a mesitylene group was equal
to 1.51 °A. the mesitylene group is in the chair conformation the bond angle equal between carbon is
119.98 °A. The bond angle conformation is equal to 109.5, for our title compound, the angle obtained
between S-C-C is equal to 109.87 °A. According to the results, the theoretical calculation was promised
to found the best geometrical structure for the title compound.

a\ ,da'?

, O

"&"} 33* JJ

7 2

Figure 2. Geometrical structure of title compound
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4.2 NMR Spectroscopy

The experimental Hydrogen (*H) and carbon (**C) chemical shifts for the title compound were
investigated in chloroform (CDCls). Also in chloroform solvents, the theoretical *H and **C chemical
shift values were determined using the DFT (B3LYP) method with the 6-31G (d, p) basis sets, all

results were presents in Table 3 and 4.

Table 1. Bond Length, Bond angle and Dihedral angle for title compound.

Symbol  Bond Length Symbol Bond Angle  Symbol Dihedral
angle
C2-C5 49285437  C3-C5-C2 9.6608675 S4-C3-C5-C2 -14.9717739
C3-C5 1.5088024  S4-C3-C5 109.8769142 C5-C2-C5-C3 121.8768322
S4-C3 1.8496868 C5-C2-C5 51.9571056  C6-C2-C5-C3 56.2188812
C5-C2 15184349  C6-C2-C5 155.669436  C7-C6-C2-C5 -75.2691459
C6-C2 15101585 C7-C6-C2 121.2194727 (C8-C6-C2-C5 177.1099023
C7-C6 15537011  C8-C6-C2 120.1442799 C9-C8-C6-C2 144.2423248
C8-C6 1.5539475  C9-C8-C6 89.6256166  C10-C9-C8-C6 -138.8904259
C9-C8 15722395 C10-C9-C8 118.0176977 C11-C10-C9-C8 -40.5665608
C10-C9 15344736 C11-C10-C9  121.0175218 C12-C10-C9-C8 142.7696268
C11-C10 1.4173368 C12-C10-C9  120.9770134 C13-C11-C10-C9 178.9397094
C12-C10 1.4175165 C13-C11-C10 119.8959816 C14-C12-C10-C9 -178.9826215
C13-C11 1.4001342 C14-C12-C10 119.9361287 (C15-C13-C11-C10  1.3911537
C14-C12 1.3999982 C15-C13-C11 122.5114568 C16-C9-C8-C6 92.8163165
C15-C13 1.3935274  C16-C9-C8 111.2419658 C17-C11-C10-C9 -2.248742
C16-C9 15421268 C17-C11-C10 123.7235199 (C18-C12-C10-C9 2.1600067
C17-C11 15176296 C18-C12-C10 123.6477953 C19-C15-C13-C11  179.0019222
C18-C12 1.5174423 C19-C15-C13 121.4153998 (C20-C1-C3-C4 69.0800191
C19-C15 1.5103808 C20-C1-C3 118.6372296 C21-C20-C1-C3 127.1055761
C20-C1 15074314 C21-C20-C1  120.7269945 (C22-C20-C1-C3 -125.4149789
C21-C20 1.554353 C22-C20-C1  120.5354565 (C23-C21-C20-C1 143.7488175
C22-C20 1.5525955  C23-C21-C20 89.5735673  C24-C23-C21-C20  -139.0997252
C23-C21 15723706 C24-C23-C21 118.3461345 (C25-C24-C23-C21  142.9297226
C24-C23 15343137 (C25-C24-C23 1209171161 C26-C24-C23-C21  -40.4877501
C25-C24 1.417941 C26-C24-C23 121.1192698 C27-C25-C24-C23  -179.2336638
C26-C24 1.4173825 (C27-C25-C24 119.9271082 (C28-C26-C24-C23  179.2298901
C27-C25 1.4000983 (C28-C26-C24 119.955989  C29-C28-C26-C24  1.3055071
C28-C26 1.4002215 (C29-C28-C26 122.4963789 (C30-C23-C21-C20  92.6106398
C29-C28 1.3933835 (C30-C23-C21 111.1111147 C31-C26-C24-C23  -1.9529269
C30-C23 1.5426542  C31-C26-C24 123.6898497 (C32-C25-C24-C23  1.9150492
C31-C26 1.5177006 C32-C25-C24 123.6981816 (C33-C29-C28-C26  178.9603817
C32-C25 15174733 (C33-C29-C28 121.4346868 N34-C1-C20-C22 54.4028717
C33-C29 1.510343 N34-C1-C20  128.0588207 N35-C2-C1-N34 7.1718487
N34-C1 1.2859728 N35-C2-Cl 68.7495542  036-N34-C1-C20 0.2896802
N35-C2 1.2813086 0O36-N34-C1  112.8969792 037-N35-C2-C1 159.7114451
036-N34 1.4094995 037-N35-C2  112.9490519
0O37-N35 1.4102314
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Table 2. Theoretical and Experimental *H chemical shifts calculation for the title compound (ppm).

Atoms number Theoretical calculation Experimental calculation

H81
H79
H26
H58
H25
H59
H5

H15
H48
H17
H50
H8

H46
H9

H69
H18
H4

H66
H33
H36
H41
H74
H51
H16
H70
H14
H49
H65
H37
H32
H73
H42
H40
H75
H71
H34
H38
H67
H63
H28
H62
H30
H29
H61

6.14
5.93
6.94
6.94
6.9
6.89
4.13
4.05
3.94
3.93
3.89
3.35
3.2
2.97
2.62
2.62
2.61
2.58
2.57
2.57
2.54
2.54
2.27
2.21
2.19
2.17
2.15
2.13
211
2.09
2.08
2.06
2.05
2.04
1.87
1.87
1.85
1.83
1.73
1.65
1.46
1.43
1.43
1.43

10.66-10.63
10.66-10.63
6.71
6.71
6.71
6.71
3.35-3.18
2.52-2.31
2.52-2.31
2.52-2.31
2.52-2.31
3.35-3.18
3.35-3.18
3.35-3.18
2.15
3.35-3.18
3.35-3.18
2.15
2.15
2.15
2.15
2.15
2.52-2.31
2.52-2.31
2.15
2.52-2.31
2.52-2.31
2.15
2.15
2.15
2.15
2.15
2.15
2.15
2.15
2.15
2.15
2.15
1.48
1.48
1.48
1.48
1.48
1.48
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The 'H NMR chemical shifts for N-OH group theoretically equal to 6.03 (average), while
experimentally equal to 10.64 (average). The aromatic protons' signals are well-known to occur at
about 7 ppm. As a singlet peak chemical shift of H26, H58, H25, and H59 atoms was observed at 6.71
ppm. B3LYP/6-31G (d, p) methods discovered the average calculated *H NMR signals for these atoms
at 6.91 ppm. The *H NMR chemical shift of (2x1H, cyclobutane; 2x2H, -CH,-S) was observed at 3.26
ppm on average in the experimental spectrum, these chemical shifts were measured as 3.14 ppm on
average for B3LYP/6-31G(d, p) levels. The CH,- signals for cyclobutane rings occur at an average of
2.41 ppm, while this signal was computed at an average of 3.07 ppm for B3LYP/6-31G. (d, p). The
experimentally chemical shift for CH;-mesitylene and CHs-cyclobutane equal to 2.15 and 1.48 ppm
respectively. While the signals for those chemical shifts were computed equal to 1.95 and 1.69 ppm on
average respectively.

Table 3. Theoretical and Experimental *H chemical shifts calculation for the title compound (ppm).
Atoms number Theoretical calculation Experimental calculation

C1l 143.43 158.51
C2 142.85 158.51
C52 131.41 145.74
C19 130.91 145.74
C53 122.47 136.24
C21 122.24 136.24
C20 122.11 136.24
C54 122.05 136.24
C24 120.76 135.47
C57 120.37 135.47
C55 116.64 131.79
C23 116.62 131.79
C56 116.58 131.79
C22 116.53 131.79
C3 37.12 43.25
C47 36.8 41.82
C13 36.4 41.82
Cc7 35.22 43.25
C45 30.25 40.15
C12 29.53 40.15
Cl1 29.21 40.15
C44 29.03 40.15
C10 27.01 26.46
C43 25.89 26.46
C27 15.76 21.85
C60 15.5 21.85
C68 14.46 21.85
C35 14.44 21.85
C31 13.94 21.85
Coe4 13.93 21.85
Cr2 12.03 21.85
C39 11.94 21.85
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In the **C NMR signals for C=N-OH was appeared at 158.51 experimentally, while theoretically
appeared at 143.14 ppm. The signals at 145.74, 136.24, 135.47, and 131.79 ppm are assigned for
Aromatic C's including (C52, C19), (C53, C21, C20, C54), (C24, C57), and (C55, C23, C56, C22), for
those signals were calculated computed and found the average value at 131.16, 122.21, 120.56, and
116.59 ppm respectively. The cyclobutane, aliphatic-CH2, and CH3 carbons chemical shift were
assigned at 43.25, 41.82, 40.15, 26.46, and 21.85 respectively, while for B3LYP/6-31G(d,p) methods,
these signals were measured at 37.12, 36.6, 29.50, 26.45, and 14.00 ppm in average.

4.3 IR spectroscopy

IR spectrum was measured for the title compound both experimentally and theoretically. Using KBr
pellets and a Mattson 1000 FT-IR spectrometer for experimentally IR spectrum and recorded in the
range 4000-400 cm™. B3LYP/6-31G(d, p) methods were used to measure theoretical spectra. Both
experimental and theoretical spectra are shown in Figure 3. The title compound has consisted of 81
atoms included hydrogen atoms and divided into two symmetry groups in the point of the sulfur atom.
It has seen 237 natural modes of vibration. Table 3 lists several vibrational modes along with their
experimental values.

- A A/ "",
| A\ J m lll ’1 “
i ek ‘]iv\u”' ! il
> C“ '//// i' ll U1l \; |
E : _‘,'-\\\-//,MW»\““ ; ‘ ‘ 1

Frequency [cm ™)

50 A

75 4

IR activity

100 -

285

175

(b) —— IR spectrum scaled by 1.000000
, = -4

' ' ' ' ' e '
4000 3500 3000 2500 2000 1500 1000 500 (8]
Frequency (cm 1)

Figure 3. FT-IR spectra of the title compound at B3LYP/6-31G(d, p) levels. a) Experimental
b) Theoretical results
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Table 4. Comparison theoretical and experimental vibrational spectra of title compound (cm ™).

Atoms Assignment Theoretical Calculation Experimental Calculation
N-OH, sv 3819.12 3348
N-OH, sv 3818.16 3253
C-Hin CYB, sv 3176.19

C-Hin CYB, sv 3174 3165
CH2 in CYB, asv 3172.59 3107
CH2-S, asv 3166.35

CH in MIS, sv 3160.56 3050
CH3in MIS, asv 3132.26

CH3in CYB, asv 3116.18

CH3 in MIS, asv 3113.01

CH3in CYB, asv 3093.35

CH2in CYB, sv 3078.22

CH2-S, asv 3075.2

CH in CYB, sv 3060.28

CH3 in MSI, sv 3053.26

CH2-S,sv 3051.63 2950
CH3in CYB, sv 3038.43 2980
CH3in CYB, sv 3038.18 2870
CH3 in MSI, sv 3034.19

CH2-S, sv 3026.27

C=N, sv 1735.06 1650
C=N, sv 1735.06 1600
C=Cin MSI, sv 1664.67 1600
MSI group, sv 1618.7

MSI group, sv 1617.94

CH3 in MSI, asv 1533.26

CH3 in MSI, asv 1532.84

CH3in CYB, asv 1518.86

CH3 in MSI, asv 1517.16

CH3 in MSI, asv 1507.93

CH3in CYB, asv 1504.46

CH3 in MSI, asv 1504.14

CH2in CYB, sv 1485.82

CH2-S, sv 1485.45

CH2in CYB, sv 1481.74

CH3 in MSI, asv 1474.2

Cin MSI, sv 1451.57

CH2-S, asv 1451.36

Cin MSI, sv 1451.16

C-Hin CYB, sv 1437.43

Cin MSI, sv 1321.38

CH in MIS, sv 1288.74

CinCYB, sv 1280.99

CH2in CYB, sv 1280.99

CH2-S 1269.23 1260
CH2 CYB, sv 1257.78

CH2 CYB, sv 1253.05

C-C-N, asv 1221.43 1159
CH-S, asv 1208.26

CinCYB, sv 1188.99

C in MSI, asv 1096.03

CH in MSI, ro,v 1063.08

CH in MSI, si,v 1062.48

CYB, asv 1036.16

N-OH, sv 995.18

C in Aromatic, sv 982.02

C-H in MSI, ro,v 898.66

C-CinCYB, sv 867.4

C-S-C, sv 769.14 690
C-Cin MSI, sv 759.97

C-S-C, sv 671.41 655

Symmetrical: s, Vibration: v, unsymmetrical: a, Rocking: ro, scissoring: si, Mesitylene: MSI, cyclobutane: CYB
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In aromatic compounds, the carbon-hydrogen stretching vibrations bands are signed in the range of
3100-3000 cm™ [24-26]. The C-H asymmetric stretching was recorded at 3050 cm™ in the FT-IR
spectrum for the title molecule, which was also calculated as 3160.56 cm™ B3LYP/6-31G(d, p) levels.
The symmetric and asymmetric C-H, vibration mode known monitor of the cyclobutane ring was
observed at 3107-2980 cm™ range. In the FT-IR spectrum, C-H, stretches asymmetrically at 3107 cm™,
this number is comparable in the literature [20, 27, 28]. In the FT-IR spectrum, symmetric stretching C-
H, was observed at 2950 cm-1, and these vibrations were measured at 3051.63 for B3LYP/6-31G(d, p)
levels. The C=N and C=C symmetric stretching vibrations have two bands at 1650 and 1600 cm™,
respectively for FT-IR. While theoretically measured at 1735.06 for C=N and 1664.67 cm™. There are
no major variations, as can be shown. The C-S-C stretching vibration has been allocated at range 690-
655 cm™ a very large band in the FT-IR. Both experimental and literature values agree well with the
theoretically computed vibration frequency values.

We present correlation graphs based on the calculation in Figure 4 to compare with experimental
observations. The correlation coefficient equals 0.9793, as can be seen from the correlation graphs.

Equation y=a+b*

Plot B

3500 -1 Weight No Weighting

Intercept 167.12062 +116.7610

Slope 0.86308 + 0.04426

Residual Sum of Squares 148947.63325

Pearson's r 0.98964
R-Square (COD) 0.97939

3000 n Adj. R-Square 0.97682 [ ]

2500

2000

Experimental (cm'l)

1500

1000

T T T T T T T T T T T T
1000 1500 2000 2500 3000 3500 4000
Theoretical (cm'l)

Figure 4. The experimental and theoretical vibration frequencies of the title compound are compared
graphically (cm-1).

4.4 Study Inhibitor Activity

Identifier molecular structures which are related to electronic structure parameters including HOMO &
LUMO energy level, energy bandgap (AE), ¢, n, o, ®, Pi, € and p. The HOMO, LUMO, and p of the
molecule are found from the output file in Gaussian, other parameters are calculated by existing
equations. According to Koopman's theorem, the Enomo and ELumo Vvalues of any chemical form are
correlated with their ionization energy and electron affinity values [29, 30]. The other parameters were
calculated according to the following equations:

I = -Enomo 1)
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A =-ELumo (2)

AE = (ELumo — E+omo) ©)
n=(1-A)/2 4)
c=1/m (5)
x=>0+A)/2 (6)
Pi=-y (7)

o = Pi?/2n, (8)
e=Pi*n 9)

Due to the overall electron flow between the transmitter and the receiver, the electrophilicity index (o)
is a measure of the energy depletion see equation (8). A new molecular structure identifier predictor in
equation (9) is the nucleophilicity (¢) index. The following equation (AN) measures the number of
electrons transferred between the inhibitor and the metal [31].

xmetal — xinhibitor

AN =
2. (nmetal — ninhibitor)

(10)

The y and n_ inhibitor values in the equation are determined theoretically, while Pearson [32]
experimentally calculates the y metal and n_metal values. according to Pearson as the electron affinity
(A) and the ionization potential (1) of a single metal are assumed to be equal (I = A) and the n _metal
value for a single metal is assumed to be zero. The identifier's electronic structure parameters and total
energy for title molecule were shown in Table 5.

Table 5. Quantum chemical parameters calculation for the title compound

Parameters Equation Results
Total Energy (a.u) -1903.956
u (D) 1.888
LUMO (eV) -0.108
HOMO (eV) -5.847
| (eV) | = -Eromo 5.847
A (eV) A = -ELUMO 0.108
AE (GV) AE = (ELUMO — EHOMO) 5.738

n (eV) n=>101-A)/2 2.869
o (eV)- o=1In 2.037

x (eV) y=(0+A)/2 2.978
Pi (eV) Pi=-y -2.978
o (eV) o = Pi¥/n? 1.077
e(eV) e=Pi*n -8.546
AN AN =( ymetal- yinhibitor)/2 (nmetal- ninhibitor) 0.875

When we look at the energies of HOMO and LUMO in Table 5 of the constructions tested, the HOMO
and LUMO energy level for title compound equal to -5.847 and -0.108 eV respectively. Since HOMO
is related to donating electrons capacity, it is essential for the studding of the corrosion. It can be seen
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that as HOMO values increase, the inhibitory effect of inhibitor molecules increases [33]. Therefore,
works on the mechanism of charge transfer along the metal surface, allowing adsorption. Based on the
high Enomo Value, our compound has higher inhibitory activity. LUMO is the ability to accept an
electron. Low-value E, ymo shows that the inhibitor will put an extra negative charge on the surface of
the metal. The LUMO energy of our compound has the lowest energy. It was also observed that the
LUMO energy values of inhibitors with high HOMO energy values inhibitor activity were high. The
title compound has the most powerful corrosion inhibition, according to HOMO-LUMO capacity.

To evaluate the theoretical inhibition efficiency as well as static molecular reactivity, the energy gap
between Enomo and E_umo has a very high preliminary significance and clarification. For inhibitor
studies, it is appropriate to compare AE. The lower energy distances the increased efficiency of
inhibition. In corrosion inhibitors, the lower value of AE relies on Exomo rather than E ymo. Inhibitor
derivatives can be used as good anti-corrosion agents with high HOMO energy and low AE [33, 34]. It
can be said that the title compound would have a strong inhibition activity depending on the highest
HOMO energy value, provided the AE see Figure 5.
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Figure 5. HOMO and LUMO energy level for title compound.

A common method for predicting the adsorption centers of the inhibitor molecules is the use of
Mulliken population analysis [33]. Many researchers have advocated the existence of negatively
charged heteroatoms to improve the ability to adsorb on the metal surface via the donor-acceptor
process [35].

Due to the negatively charged nitrogen, oxygen, and carbon atoms in our title compound has more
effective inhibitor activity. The charges of the atoms in our compound inhibitor's molecular structure
are seen in Figure 6. It is seen the negative charge has more intensity on the atoms comparative with
positive charge. This is representative of our title compound has good anti-corrosion activity.

Other significant parameters that provide information about an inhibitor's stability, reactivity, and

inhibitor activity are n and . The n and o for title compound are more close to each other see Table 5.

Since the organic inhibitor chosen is lewis-based and soft inhibitors are more reactive than hard
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inhibitors, they serve as stronger corrosion inhibitors [36]. Our compound inhibitors with high Exomo
and low AE were estimated to have a high softness and low hardness values. The n_and o values
support that the title compound has most powerful inhibitory activity.
0.4
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0.2 5
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Atoms
Figure 6. charge distribution on the atoms for title compound.

Further parameters that are measured for inhibitor activity are y and Pi. Calculated inhibitor, y values
provide details about how the coordinated covalent bond happens between the metal and the inhibitor.
In this report, the corrosion inhibition behavior of molecules intended as iron metal inhibitors were
examined. It was found that the y values of the inhibitors measured in Table 5 were smaller than the
experimental y value of the iron metal. The iron metal was form bonds by taking electrons from the
inhibitor compound. The title compound inhibitor will serve as the most effective corrosion inhibitor
with a higher y value comparative with the literature [37, 38].

The dipole moment () is another parameter illustrated in Table 5. However, literature studies have not
found a direct correlation between p and the activity of inhibition. In some studies, the activity of
molecules with a higher p value is to be better inhibition whereas, in other studies, the inhibition effect
is increased with a decreased p value. The p for title compound was equal to 1.888 D [31, 33, 34].

The ® and € are important parameters used to determine inhibitors to corrosion activities. The ® shows
the inhibitor molecules' ability to accept electrons and € shows inhibitors molecule ability to donate
electrons. The activity of inhibition increases as the € value increases and the ® value decreases [39,
40]. In our molecule, the ¢ increase and ® have decreased. It is noted that, according to w and &
parameters, our compound has the most powerful inhibitor activity. According to AN [34] results, the

1507



ECJSE 2021 (3) 1495-1510 Synthesis, Characterization, and Theoretical Inhibitor Study for...

title compound has a good inhibitor, which means more electron transfer from organic compound the
surface of iron metals.

5. Conclusion

The title compound was successfully synthesized and spectroscopy characterization for both
experimental and theoretically were good arguments to each other. The beginning geometry was
achieved using the Density Functional Theory (DFT)/B3LYP form, with basis sets of 6-31G(d, p).
According to the results obtained, our compound has Exomo values for inhibitors are high and E, ymo
values were found in lower. For this resin, it was determined donor compound and had high inhibitor
activity. As good anti-corrosion agents, inhibitor derivatives with high Ejomo and low AE can be used.
It can be said that strong inhibition activity depending on the highest value of Eyomo and lower AE.
Viewed as suggesting that our compound used in the study is better at hiding the metal surface at a low
dipole moment value, although the literature does not find a strong conclusion about the dipole
moment. When you look at the atomic charges of the compound inhibitor it is said that the
electronegative atoms have a major influence on the action of inhibition. The most active area shown in
the oxygen(s) and Nitrogen(s). The determined parameters of 1, ®, o, €, Pi and y support that the title
compound has most powerful inhibitor effect corrosion inhibition. The inhibitor's lower y value means
that the iron metal can form a bond by taking electrons from the compound inhibitor. The higher value
AN of the inhibitor indicates that the metal surface will be better adsorbed and the effect of corrosion
inhibition will increase.
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