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Abstract

In this study, a new Schiff base monomer was synthesized and used as a corrosion inhibitor. The monomer was electrochemi-
cally polymerized on carbon steel (C.S) using cyclic voltammetry. The structure of the polymer layer was characterized
using FTIR and predicted using Density Functional Theory (DFT). The anticorrosion activity of the polymer layer on C.S.
was evaluated by electrochemical polarization in a 3.5% NaCl solution at various temperatures. Kinetic and thermodynamic
activation parameters were estimated for the anticorrosion process of C.S. The calculations were performed using B3LYP
level with 6-311 G (d, p) by Gaussian 09 package and GaussSum software. Physical values were used to establish a relation-
ship between the calculated quantum chemical parameters and the inhibition effectiveness.
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1 Introduction

Corrosion is an electrochemical process that returns metals
or metal alloys to their oxide state, resulting in the most
thermodynamically stable forms. Although corrosion can-
not be completely prevented, some methods can be used
to control it. These methods include design control, alloy
selection, overdesign, cathodic protection, organic coat-
ings, inorganic coatings, or plating [1]. Organic coatings
are widely used for their versatility, affordability, and effec-
tiveness in protecting metals and alloys from corrosion. Tra-
ditional coating systems offer protection through different
techniques such as active, sacrificial, and barrier (corrosion
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inhibitors). Organic conductive polymers have gained atten-
tion as a new approach for anti-corrosion due to their avail-
ability and environmental friendliness [1]. These polymers
have numerous applications in the field of anti-corrosion
for both ferrous and non-ferrous materials and have been
used in various fields such as sensors and batteries [2-8].
The conductive polymers are applied to metal substrates as
coatings or inhibitors to prevent corrosion [9]. The relation-
ship between corrosion resistance and polymer structural
characteristics has been studied by researchers [10]. Some
polymers, such as polyanilines, polythiophene, and polypyr-
role, have active electrons or vacant orbitals that can provide
or receive electrons, thus reducing the damaging effects of
corrosion on the metal surface. Besides the anti-scratch
function of the organic coating to satisfy the aesthetic pur-
pose, Organic coatings are widely used for their versatil-
ity, affordability, and effectiveness in protecting metals and
alloys from corrosion [11-15]. The present study focuses on
the use of a synthesized monomer that was electro-polym-
erized on a carbon steel surface using cyclic voltammetry
[16]. The polymerization process and kinetic parameters
were estimated and explained. The study also evaluates the
anti-corrosion activity of the polymer layer on C.S in a 3.5%
NaCl solution at various temperatures. This study provides a
brief overview of the use of synthesized and natural organic
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compounds as corrosion inhibitors and explains the role of
polymers in preserving metals from corrosion.

2 Experimental Part

2.1 Synthesis of 4-((1-(4-aminophenyl) ethylidene)
amino)-1,5-dimethyl-2-phenyl-1,2-dihydro-3H
-pyrazole-3-one (1)

In the first step, the Schiff base was prepared from the reac-
tion of amino antipyrine with amino acetophenone, where
0.01 mol of 4-aminoacenophenone was placed in a 250 mL
round bottom flask after dissolving it with absolute ethanol,
and three drops of glacial acetic acid were added and heated
with stirring after adding 0.01 mol of 4-amino antipyrine
dissolved in absolute ethanol in the form of batches with
stirring and the mixture was kept in reflux for six hours to
produce the corresponding Schiff base.

2.2 Synthesis of 4-((4-(-1-((1,5-dime-
thyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyra-
zole-4-yl) imino) ethyl) phenyl)
amino)-maleiamic acid (2)

The reaction of the Schiff base (1) with maleic anhydride
was carried out using 0.01 mol of each reactant, dissolved
in acetone as a solvent. The mixture was stirred at room
temperature for 3 h, leading to the formation of a precipitate.
The precipitate was then filtered and washed with acetone to
obtain the final product, amic acid.

2.3 Synthesis of 1-(4-(1-((1,5-dimethyl-3-oxo0-2-phe-
nyl-2,3-dihydro-1H-pyrazole-4-yl) imino) ethyl)
phenyl)-maleimide (3)

The synthesis of maleimide (3) involves the dehydration of
an amic acid using acetic anhydride and anhydrous sodium
acetate. The reaction takes place over a three-hour reflux
in a water bath, after which the solution is poured over
crushed ice to precipitate the imide. The imide is then
filtered and washed with sodium bicarbonate solution,
distilled water, and ether, before being dried. Scheme 1
illustrates the steps involved in this process [17].

2.4 Electrochemical Polarization Technique

The setup for the potentiostat experiment involves several
components including a host computer, a potentiostat, a
thermostat, a Matlab program, a magnetic stirrer, and a
galvanostat. The electrochemical corrosion cell uses a
Pyrex cell with a 1-L capacity and three electrodes—an
auxiliary electrode (platinum wire, 10 cm long), a work-
ing electrode (carbon steel coated with polymer), and a
reference electrode (Ag/AgCl). To obtain the steady-state
open circuit potential (Eocp), the working electrode is sub-
merged in a 3.5% NaCl solution for 15 min. Electrochemi-
cal measurements are then conducted in a potential range
of +200 mV over a temperature range of 298-318 K. The
chemical composition of the carbon steel used as the work-
ing electrode is shown in Table 1.
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Scheme 1 Synthesis route of Schiff base monomer (3)

Table 1 Chemical composition Cc% Si%
of C.S

Mn%

S% P% Cu% Ni% Cr% Fe%

0.36-0.42 0.15-0.30

1.00-1.40 0.05 0.05 0.50 0.20 0.20

96.88-7.49
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3 Results and Discussion

3.1 Electrochemical Polymerization (Cyclic
Voltammetry) for Monomer

The cyclic voltammograms of the sweeps were determined
through the electrochemical polymerization of monomer (3)
on the C.S electrode (working electrode) from an aqueous
solution containing (0.2) g of this monomer dissolved in
(200) ml of Dimethylsolfoxide (DMSO), with a potential
range from (— 2000 to 2000) mV and scan rate (10) mV
for five cycles versus silver-silver chloride electrode plot-
ted in Fig. 1. At (— 1500) mV in the initial anodic sweep,
monomer oxidation starts. After the nitrogen atom in the
monomer has one electron removed, the peak is made up of
free cation radicals. To create a polymer, the radicals under-
went further interactions with either monomer molecules
or other radicals. The reverse scan revealed a cathodic peak
at (1000) V, which is attributable to dimer disintegration
or film hydrolysis. A pair of redox peaks at (500) mV in

Fig.1 Cyclic voltammogram for 2
electrochemical polymerization
for monomer (3)

the subsequent cycle signify the formation of the polymer
film. As the number of cycles increases, the current density
corresponding to the free radicals’ redox peak continuously
decreases, indicating that the growth of the polymer film
inhibits free radicals from being converted [18].

3.2 Fourier Transform Infrared Spectroscopy (FTIR)
for Monomer (3) and Polymer

The FTIR spectrum data of compounds and polymers are
shown in Table 2, and from these data, it can be observed
that there is a difference in bands between the prepared com-
pounds. In compound (1), the main bands are imine and
amine bands at (1631) cm™! and (3269) cm™!, respectively.
In compound (2), new bands appear, including carboxylic
acid and amide bands at (1669) cm™" and (1677) cm™". The
change in the FTIR chart when compound (3) is prepared
is the disappearance of amide and carboxylic bands and the
appearance of new imide absorption bands at (1780, 1720)
cm™!. Finally, polymer formation gives new multi-bands

1.5
1
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z
£
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o
S
-0.5
-1
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-1750 -1250 750 potential (mV) -250 250 750
Table2 FTIR data for monomer o N_H) o(C-H) Arom u(C-H) Alipha u(C=0 uv(C=0) W(C-N) Imide v(C=N)
(3) and polymer antipy- Amide Carbox
rine Imide
1 3269 3016 2960 1647 - - 1631
2 3203 3070 2991 1653 1677 - 1647
3 - 3040 2031 1647 1780 1388 1637
1720
Polymer — 3033 28482980 1676 1778,1716 1387 1635
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for aliphatic (C—H) bands, which appear in the range of
(2848-2980) cm™! [19].

3.3 Corrosion Measurement

The results of the assessment of the corrosion parameters
are shown in Table 3 and Fig. 2. The extrapolation of the
cathodic and anodic Tafel in the absence and presence of
inhibitor molecules in the HCI solution was used to deter-
mine the corrosion current density (icorr) and corrosion
potential (Ecorr). From Fig. 2, the anodic (8a) and cathodic
(Bc) Tafel slopes were also calculated. Table 2 provides data
on the corrosion potential Ecorr (mV), corrosion current
density icorr (A/cm?2), cathodic and anodic Tafel slopes c
and an (mV/Dec), weight loss WL (g/m2.d), penetration loss
PL (mm/y), and inhibition efficiency IE%. The protection
efficiency (%PE) was calculated using the following equa-
tion [20]:

(icorr)o — (icorr)

%PE = * 100 6))

(icorr)o
A Tafel plot is a graph that plots the logarithm of the cur-
rent density (icorr) against the electrode potential (E_,,).
The shift of Ecorr towards a lower position for coated carbon
steel with a polymer film compared to uncoated carbon steel
indicates that the polymer film acts as cathodic protection,
meaning it provides a reduction in the rate of corrosion by
suppressing the reaction of the metal with the environment
[21]. The increase in icorr with increasing temperature sug-
gests that corrosion protection becomes less effective at
higher temperatures. The good protection efficiencies of the
polymer film are attributed to its hydroxyl groups, aromatic
ring, and oxygen atom, which form a complex with the metal
and adsorb on the surface of the alloy, thus protecting it from
corrosive media.

3.4 Temperature Effect on the Corrosion of C.S

The Arrhenius equation and the transition state (Eyring)
Eq. (2) are used to calculate the activation energy of polymers

Uncoated steel
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N
o
o
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Fig. 2 Tafel plot for uncoated and coated C.S with polymer

and the influence of temperature on the corrosion current
density [22]. The Arrhenius equation describes the relation-
ship between the rate of a chemical reaction and temperature,
while the transition state (Eyring) Eq. (3) takes into account
the changes in entropy and enthalpy that occur during the reac-
tion. These equations can be used to calculate the activation

Table 3 Corrosion parameters for uncoated and coated C.S with polymer in 3.5% NaCl

Comp Temp — Ecorr (mV) icorr (A/ — Bc (mV/Dec) Ba (mV/Dec) WL (g/mz.d) PL (mm/y) PE%
cm?)*107°

Uncoated C.S 298 173.0 34.55 —198.3 71.3 8.64 0.401 -
308 194.9 40.63 - 1329 67.0 10.2 0.472 -
318 213.0 57.48 - 1224 86.1 14.4 0.667 -

Coated C.S 298 519.9 12.38 141.8 145.9 0.894 0.121 64.168
308 525.5 21.19 229.6 271.4 1.71 0.230 47.846
318 527.1 24.05 251.2 294.4 1.49 2.620 58.159
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energy (Ea), the entropy of activation (ASo), and the enthalpy
of activation (AHo):

Logicorr = LogA — Ea/2.303RT )
icorr R AS AH
Log =Log|— + - , 3)
Nh ~ 2.303R 2.303RT
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Fig.3 A Arrhenius and B transition state plots for uncoated and
coated carbon steel in 3.5% NaCl

where T is the temperature, R is the ideal gas constant, h is
Planck’s constant, and N is Avogadro’s number. The slope
of the fitted lines in Fig. 3A provides the values of the acti-
vation energy (Ea). The values of Ea are listed in Table 2.
A higher value of Ea indicates a greater barrier between the
responses of the corrosion system and the substrate, indicat-
ing the strong blocking capacity of the polymer film. The
table shows that the Ea value of the polymer film is double
that of the basic substrate, demonstrating its strong blocking
capacity. Additionally, the entropy of activation (ASo) and
the enthalpy of activation (AHo) can be calculated using the
slope and intercept of the transition state diagram in Fig. 3B.
A larger absolute value of ASo during activation indicates
that there is less disorder, and it may therefore be assumed
that chloride ions (C17) are tightly confined on the surface
of bare steel as in Table 4.

4 Modelling Methods

The density functional theory (DFT) is a computational
method that can predict the geometric and chemical prop-
erties of inhibitors. This method uses quantum mechanics
to describe a system’s electronic structure and energy. The
chemical structure and name of the inhibitor can be seen in
Fig. 4. The calculations were performed at the B3LYP level
with the 6-311 G (d, p) basis set [23]. The Gaussian 09 pack-
age and GaussSum software were used for the calculations
[24]. These tools allow for the prediction of the geometric
and chemical properties of inhibitors, providing valuable
information for understanding their behaviour and potential
efficacy in corrosion protection.

4.1 The Activity of Molecular

Through the adsorption centers of the inhibitory materials,
the focal locations of interactions between metal surfaces and
molecules can be predicted using frontier orbital theory [25].
For example, the term “Frontier Molecular Orbital” (FMO)
may explain why stabilization energy is inverse to the differ-
ence in orbital energy between the highest and the low. The

Table 4 Transition state
thermodynamic parameter at

T(K) Ea (kJ/mole) AH* (kJ/mol) AS* (J/mol.K)

different temperatures for the Uncoated C.S
corrosion of uncoated and
coated C.S with a polymer film

Coated C.S with polymer

293 19.970 17.411 - 0.157
303

313

323

293 20.657 18.1 163
303

313

323
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Fig.4 Two-Three-dimension
structure of the compound

CH

electron transfers ability of an inhibitor (EHOMO) is often
connected to the EHOMO of the molecule, with the inhibitors
having high EHOMO favouring acceptors with low EHOMO.
The lower the LUMO energy (ELUMO) value, the greater the
molecule’s capacity to receive the ELUMO energy. The energy
gap (Eg) between the Frontier orbitals improves the inhibi-
tor efficiency by decreasing the gap energy of the inhibitor
molecules’ quantum chemical parameters, such as the highest
occupied molecular orbital (EHOMO), the energy of the low-
est unoccupied molecular orbital (ELUMO), the energy gaps
between these orbitals, dipole moments, and electron affinity is
another critical factor in characterizing the molecular activity.
Koopman’s theorem uses the following equations to calculate
the inhibitor's ionization potential (IE) and electron affinity
(EA) [26, 27].

1E = ~Eyomo €]

EA = —E; ymo (5)

Hardness (n) is the second derivative of the E, which
assesses the molecule stability and reactivity [28].

=(IE—2EA) ©
XZ(IE-;EA) o

@ Springer

Global softness (S) is the polar opposite of global hard-
ness (1) [29].

1
S = —
<’7> ©

Parr’s global electrophilicity indices are constructed using
Eq. 4 () [30] using the characteristics of electronegativity
and chemical hardness. Electrophilicity and nucleophilicity
are often equated as a sign of quality in chemistry [31]. This
is seen in Table 2 by the high (2.61725 eV) value, which
suggests higher corrosion inhibition.

2
= (£

o= () ®
There are a lot of high and low-performance inhibitors out

there; Eyomos By EA, S, 0, E; yvo, AE, IE, 1, and . Table 2

and 3 provide an overview of various parameters.

Based on these results, the inhibitor is good (Table 5).
This investigation was performed in a vacuum.

4.2 Active Sites of Molecules

The optimal structures and active adsorption sites of the
compounds were determined through theoretical investi-
gations. The results are shown in Fig. 5, where green and
red colours represent the HOMO (donor electron orbital)
and LUMO (acceptor electron orbital), respectively. These
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Table5 DFT is used to figure out some of the molecules’ physical
properties at the equilibrium geometries

Enomo (€V) E; ymo (€V) AE (eV)  u(Debye) IE (eV)
—5.60485564 —2.9876055 2.61725 4.9756 5.604856
EA (eV) n (eV) X (eV) S (eV) w (eV)
2.987605 1.308625 4296231 0.764161  7.052286

colours indicate the optimum structures of the compounds
and how they interact with metals. The most likely method
of interaction between the compound's molecular orbitals
and metals is through electron donation from donor orbitals
to acceptor orbitals or electron acceptance from occupied
donor orbitals. The heteroatoms (O, N) in the compound
with high electron density also play a role in this interaction.
The density of states (DOS) was calculated based on the
presence of a self-consistent density in the working direc-
tory [32], as shown in Fig. 5. It presents the HOMO and
LUMO orbitals by easy lines to understand the different of
energy. This information helps to understand the behaviour

Fig.5 Molecular orbitals of the
studied compound and diagrams
of filling states in Gaussian
DOS for HOMO and LUMO

HOMO

of the compounds and their potential effectiveness as cor-
rosion inhibitors.

4.3 TED Maps

The commonly referred to as “total electron density” (TED).
The colour red denotes the most repulsive electronegativity
of the O atom in the compound structure, which indicates
an electrophilic assault as in Fig. 6. Because of the best
positive region in the blue area, electrons from the donor
molecule can be received there [33, 34]. The electrostatic
surface potential directs the adsorption of molecules onto
the metal surfaces.

5 Conclusion

The density functional theory (DFT) and polarization tech-
niques were applied to study the polymer layer. The results
showed that temperature increases both the corrosion poten-
tial (Ecorr) and the corrosion current density (icorr). The
movement of the corrosion potential (Ecorr) of the coated

LUMO
9
:‘"*; i)
2% 3
o f ,-‘J“J
%9,

—_— DOS spectrum
— Dccupied orbitals
— Wirtual orbitals
3
HOMO LUMO
2>
1 4
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Fig.6 TED maps of studied
inhibitor

55032 D

T 0

C.S. to a lower position compared to that of the uncoated
C.S. suggests that the polymer layer functions as cathodic
protection. Additionally, the activation parameters and the
positive value of AHo indicate that the corrosion process
is endothermic, which means that it requires energy input.
The DFT parameters also indicated that the polymer has the
highest inhibitory effect among the studied materials, dem-
onstrating its potential effectiveness in corrosion protection.

Acknowledgements We gratefully acknowledge the support of this
work by Al-Farahidi University.

Author Contributions MIA and NAK: did the synthesis and corrosion
part. MDH analyzed and collect the data and MMK wrote the article
and software work, AAK write and results discussions.

Funding No support from any side.
Data Availability All available in the article.

Code Availability All available in the article.

Declarations

Conflict of interest No conflicts of interest.

References

1. Jasim AS, Rashid KH, AL-Azawi KF, Khadom AA (2022) Syn-
thesis of a novel pyrazole heterocyclic derivative as corrosion
inhibitor for low-carbon steel in 1M HCI: characterization, gravi-
metrical, electrochemical, mathematical, and quantum chemical
investigations. Results Eng 15:100573

2. Umoren SA, Solomon MM, Madhankumar A, Obot IB (2019)
Exploration of natural polymers for use as green corrosion inhibi-
tors for AZ31 magnesium alloy in saline environment. Carbohydr
Polym 230:115466

@ Springer

10.

11.

12.

13.

Wang M, Wang J, Hu W (2019) Preparation and corrosion
behavior of Cu-8-HQ@HNTs/epoxy coating. Prog Org Coat
139:105434

Hasanin MS, Al Kiey SA (2020) Environmentally benign cor-
rosion inhibitors based on cellulose niacin nano-composite for
corrosion of copper in sodium chloride solutions. Int J Biol
Macromol 161:345-354

Ashassi-Sorkhabi H, Kazempour A (2020) Incorporation of
organic/inorganic materials into polypyrrole matrix to reinforce
its anticorrosive properties for the protection of steel alloys: a
review. J Mol Liq 309:113085

Olajire AA (2018) Recent advances on organic coating system
technologies for corrosion protection of offshore metallic struc-
tures. J Mol Liq 269:572-606

Sacer D, Spajic I, Rokovic MK, Mandic Z (2018) Reduced gra-
phene oxide/[alpha]-[Fe.sub.2][O.sub.3] fibres as active mate-
rial for supercapacitor application. J Mater Sci 53:15285
Zeybek DK, Zeybek B, Pekmez NO, Pekyardimci S, Kili¢ E
(2012) Development of an amperometric enzyme electrode
based on poly (o-phenylenediamine) for the determination of
total cholesterol in serum. J Braz Chem Soc 23:2222

Han S, Li B, Song Z, Pan S, Zhang Z, Yao H, Zhu S, Xu G
(2017) A kanamycin sensor based on an electrosynthesized
molecularly imprinted poly-o-phenylenediamine film on a sin-
gle-walled carbon nanohorn modified glassy carbon electrode.
Analyst 142:218

El Rehim SSA, Sayyah SM, El-Deeb MM, Kamal SM, Azooz
RE (2010) Poly (o-phenylenediamine) as an inhibitor of mild
steel corrosion in HCI solution. Mater Chem Phys 123:20-27
Molero G, Du S, Mamak M, Agerton M, Hossain MM, Sue H
(2019) Experimental and numerical determination of adhesive
strength in semi-rigid multi-layer polymeric systems. Polym
Test 75:85-92

Du S, Zhu Z, Liu C, Zhang T, Hossain MM, Sue H (2021)
Experimental observation and finite element method modeling
on scratch-induced delamination of multilayer polymeric struc-
tures. Poly Eng Sci 61(6):1742—-1754

Qian W, Zhang H, Zhu J, Li J, Zhang J, Zhang M (2021) Deter-
mination of fracture toughness of polymer coating using micro-
scale digital image correlation technique. Polym Test 93:106896



Journal of Bio- and Tribo-Corrosion (2023) 9:40

Page90of9 40

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Du S, Hamdi M, Sue H (2020) Experimental and FEM
analysis of mar behavior on amorphous polymers. Wear
444-445(9):203155

Du S, Hamdi M, Sue H, In SPE ANTEC 2020: The Annual Tech-
nical Conference for Plastic Professionals (pp 363-367). (Annual
Technical Conference—ANTEC, Conference Proceedings; Vol 1).
Society of Plastics Engineers

Deshpande PP, Jadhav NG, Gelling VJ, Sazou D (2014) Conduct-
ing polymers for corrosion protection: a review. J Coat Technol
Res 11:473-494

Al-Azzawi AM, Hussein MD (2022) Design and syn-
thesis of novel homo and copolymerization based on
4-(N-maleimidylmethylbenzylidene)-4’-(N-citraconamic
acid)-1,1’-biphenyl. Egypt J Chem 65(1):195166

Badawy WA, Ismail KM, Khalifa ZM, Medany SS (2012) Poly
(2-aminobiphenyl), preparation, characterization, mechanism, and
kinetics of the electropolymerization process. J Appl Polym Sci
125:3410-3418

Shirner R, Fuson R, Cartin D, Mrril T (1980) The systematic
identification of organic compound, 8th edn. John Wiley & Sons,
New Jersey

El-jaouharia A, Kayab S, Jadia SB, Aouzalc Z, Dellaouic MB, El-
Arbi Bazzaouic, Erdoganb S, Bazzaouia M (2018) Experimental
and MDS studies of corrosion inhibition of carbon steel by sac-
charinate sodium. Surf Interfaces 10:11-18

Kasso O, Galai M, Ballakhmima RA, Dkhireche N, Rochdi A, Ebn
Touhami M, Touir R, Zarrouk A (2015) Comparative study of low
carbon steel corrosion inhibition in 200 ppm NaCl by amino acid
compounds. J Mater Environ Sci 6(4):1147-1155

Oguzie EE (2008) Evaluation of the inhibitive effect of some
plant extracts on the acid corrosion of mild steel. Corros Sci
50(11):2993-2998

Pavlov AR, Karam JD (2000) Nucleotide-sequence-specific and
non-specific interactions of T4 DNA polymerase with its own
mRNA. Nucleic Acids Res 28(23):4657-4664

Snell FD (1978) Photometric and fluorometric methods of analy-
sis: metals. Wiley, New Jersey

Okazaki K, Murakami M, Kawada H, Okada A, Kokai J (1975)
Lewis, Sax’s dangerous properties of industrial materials. Appl
Pharmacol 394:7597

26.

217.

28.

29.

30.

31.

32.

33.

34.

Friedrich K, Sue HJ, Liu P, Almajid AA (2011) Scratch resistance
of high performance polymers. Tribol Int 44(9):1032-1046
National Toxicology Program (1985) Fourth Annual Report on
Carcinogens, 423. US Department of Health and Human Services,
GPO, Washington, DC

Yusof MSM, Khairul WM, Yamin BM (2010) Synthesis and
characterisation a series of N-(3, 4-dichlorophenyl)-N'-(2, 3 and
4-methylbenzoyl) thiourea derivatives. J Mol Struct 975:280-284
Saeed A, Erben MF, Abbas N, Florke U (2010) Synthesis, crystal
X-ray diffraction structure, vibrational properties and quantum
chemical calculations on 1-(4-(4-Fluorobenzamido) phenyl)-3-(4-
fluorobenzoyl) thiourea. J Mol Struct 984:240-245
Elanthiraiyan M, Jayasudha B, Arivazhagan M (2015) Molecular
structure, vibrational spectroscopy, NBO and HOMO, LUMO
studies of o-methoxybenzonitrile. Spectrochim Acta Part A Mol
Biomol Spectrosc 134:543-552

Karabacak M, Cinar M, Kurt M (2008) An experimental and
theoretical study of molecular structure and vibrational spectra
of 2-chloronicotinic acid by density functional theory and ab initio
Hartree-Fock calculations. J Mol Struct 885:28-35

Paasch G, Scheinert S (2010) Charge carrier density of organ-
ics with Gaussian density of states: analytical approximation for
the gauss—fermi integral. J Appl Phys. https://doi.org/10.1063/1.
3374475

Wang H, Ju L-K, Castaneda H, Cheng G, Newby B-mZ (2014)
Corrosion of carbon steel C1010 in the presence of iron oxidizing
bacteria Acidithiobacillus ferrooxidans. Corros Sci 89:250-257
Li H, Leung K-S, Ballester PJ, Wong M-H (2014) istar: a web plat-
form for large-scale protein-ligand docking. PLoS ONE 9:e85678

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1063/1.3374475
https://doi.org/10.1063/1.3374475

	Electrochemical Polymerization of New Schiff Base Monomer as an Anti-corrosion Coating on Carbon Steel in Saline Water: Experimental and Theoretical Studies
	Abstract
	1 Introduction
	2 Experimental Part
	2.1 Synthesis of 4-((1-(4-aminophenyl) ethylidene) a​min​o)-​1,5​-di​met​hyl​-2-​phe​nyl​-1,​2-d​ihy​dro​-3H​-pyrazole-3-one (1)
	2.2 Synthesis of 4-((4-(-1-((1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazole-4-yl) imino) ethyl) phenyl) amino)-maleiamic acid (2)
	2.3 Synthesis of 1-(4-(1-((1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazole-4-yl) imino) ethyl) phenyl)-maleimide (3)
	2.4 Electrochemical Polarization Technique

	3 Results and Discussion
	3.1 Electrochemical Polymerization (Cyclic Voltammetry) for Monomer
	3.2 Fourier Transform Infrared Spectroscopy (FTIR) for Monomer (3) and Polymer
	3.3 Corrosion Measurement
	3.4 Temperature Effect on the Corrosion of C.S

	4 Modelling Methods
	4.1 The Activity of Molecular
	4.2 Active Sites of Molecules
	4.3 TED Maps

	5 Conclusion
	Acknowledgements 
	References




