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Abstract. The efficiency of ethyl-p-methoxycinnamate(EPE) and its derivatives as corrosion
inhibitors of iron in acid environment has been studied to find the relationship between molecular
structure and electronic parameters with their efficiency of corrosion inhibition. The ab initio
MP2 perturbation theory and DFT method were applied to calculate molecular structure and
electronic parameters offhhibitors. Computational and experimental corrosion inhibition
efficiency show that the electronic properties of molecules, including the orbital molecular
frontier energy (HOMO and LUMO energy), ionization potential, electron affinity,
electronegativity, number of electron trans fer from inhibitor to metal and interaction energy have
a strong relationship with inhibition performance. Interactionechanism obtained from natural
bond orbital analysis was employed to study the interactions between inhibitors with iron metal
in more detail. The presence of electron donor groups within the frameworks of inhibitors has a
less significant effect compared to m-electron contribution on corrosion inhibition performance.

1. Introduction

At present the development of natural product based corrosion inhibitors is still intensively developed.
These type of inhibitorsare favoured due to they are inexpensive, biodegradable, environmentally
friendly and non-toxic. In addition, these inhibitors can be easily obtained from abundant natural
products [ 1-4]. Natural product compounds consist of atoms (N, O, P, and S) which have free electron
pairs as electron donors and 7 type electrons to facilitate the formation of complexes with metals [5,6].
An example of a potential corrosion inhibitor of natural products is ethyl-p-methoxycinamic (EPE). Pure
EPE compound can be obtained from isolating sand ginger (kaempferia galanga). Sand ginger plants
grow widely in Indonesia and many parts of Southeast Asia. They arecommonly used as traditional
medicine, cooking spices, cosmetics and drinks. The pure compound of EPE can be isolated using
several techniques [7-9]. Structurally, ethyl-p-methoxycinamicconsists of methoxy groups, esters and
conjugated double bonds in tu benzene ring. These three functional groups are electron donors which
facilitate bonding with metal surfaces.
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Recently, pure EPE have been tested to prevent iron corrosion in 1 M HCI using weight loss,
electrochemical impedance spectroscopy [10]. EPE shown to be effective in inhibiting iron corrosion in
IM HCIL. Increased EPE concentration can reduce the corrosion rate of iron in 1 M HC1. The mechanism
of inhibition is exothermic, spontaneous, and follows the isothermal adsorption mechanism by forming
multilayer EPE on the iron surface. Thermodynamic studies with Ea values < 80 kJ and AG®4.<-20 kJ /
mol indicate the inhibition processes is spontaneous and exothermic. However, experimental studies
have not been able to explain in detail the mechanism of interaction between EPE and ferrous metals.
The use of MP2 and DFT methods can principally be used to overcome the problem. Theoretical study
is able to accurately predict structural parameters in which structure parameters can be used to determine
the mechanism of interaction between metal inhibitors [11]. In addition, the theoretical approach is able
to predict the electronic parameters related tofle interaction mechanism [ 12-15]. The studied electronic
parameters are frontier molecular orbital, i1onization potential, electron affinity, electronegativity,
number of electron transfer from inhibitor to metal, and interaction energy. In addition, we present the
interaction mechanism from the natural bond orbital analysis.

2. Method

The MP2 and DFT method was used for geometry optimization and a single point energy calculation

from EPE. All quantum parameters are calculated using the Gaussian 09 package [16]. The Lanl2DZ

with effective core potential and 6-31G(d) were applied as basis sets for iron and EPE, respectively.
rrosion occurred in aqueous medium, so a single point energy calculation was carried out using a
M method to mimic the corrosion conditions in the aqueous environment. Re-optimization of EPE

structure in the aqueous phase was not carried out because it has a minor effect on the energetic [10, 17-

22].

3. Result and discussion

Geometry parameters are important to explain the accuracy of the calculation method. In addition,
geometry parameters can be used as an initial reference for the mechanism of interacti@y between EPE
and iron. Figure 1 shows the optimized structure of EPE compounds and derivatives. The comparison
of the geometry parameters between experimental and theoretical MP2/DFT is depicted in Table 1. It
shows that a relatively small difference in distance and binding angle between experimental and
theoretical studies with an average of 0.018 A and 0.773°. The suitability of the theoretical structure
parameters with the experiment indicates that the MP2 and DFT methods with Lanl2DZ and 6-31G(d)
basis function combination are well-accurate. The addition of electron donating (NH:) and electron
withdrawing (NO») groups was carried out to predict thggsubstituent effect on EPE corrosion efficiency.
Figure 1 indicates that there is no significant structural change due to the addition of electron denoting-
withdrawing groups. The lack of structural changes leads to predictions that m aromatic electrons in
benzene rings contribute higher than the substituent for the interaction of metal and inhibitor.

The quantum descriptor parameteg can be used to predict the inhibitor efficiency theoretically
(IEtheory.%). Quantum electronic parameters such as ionization potential, electron affinity,
electronegativity, ?{ electron transfer are obtained from HOMO and LUMO energy [10]. The
difference between the energy of HOMO and LUMO is the value of the energy gap. The large energy
gap (Egw) describes the molecule as having high stability, while its activity is weak. It is depicted from
Table 2 that EPE-NHa has the lowest E ., so that EPE-NH, has the highest inhibitory performance. For
charge transfer capability, EPE-NH> has the highest ability to donate electrons AN so that it can be
predicted that it has the highest inhibitory ability. Based on quantum parameters, the order of IE% values
is EPE-NH:> EPE > EPE-NO:.

[
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Table 1. Comparison of geometrical parameters of EPE between experimental and theoretical

calculation.

Bond Length Exp* DFT MP2  Bond Angle Exp* DFT MP2
(A) (A) (A) (A) (A) (A)

@.-o1 1.368 1.361 1.365 01-Cl1-C2 1242 118.5 125.1
Cl-C2 1.381 1.404 1.408 01-C1-Cé 1155 1157 115.5
Cl1-Co6 1.381 1411 1.408 C2-C1-Cé6 120.3 119.5 1194
01-C12 1420 1419 1.420 @—OI—CIZ 118.5 118.5 1164
C2-C3 1.392  1.399 1.405 C1-C2-C3 118.7 119.3 1194
C3-C4 1.382 1407 1.410 C2-C3-C4 1221 122.0 121.9
C4-C5 1.394 1417 1.418 C3-C4-C5 VAT 1174 117.8
C4-C7 1471 1461 1.467 C3-c4-C7 119.3 119.0 118.8
C5-Co6 1.377 1387 1.394 C5-C4-C7 122.9 1234 1234
C7-C8 1.319 1352 1.357 C4-C5-C6 121.0 121.2 120.9
C8-C9 1475 1478 1.486 C1-C6-C5 120.2 120.3 120.6
C9-09y 1.201 1.220 1.222 C4-C7-C8 127.7 127.7 126.9
C9-09y 1.335 1.359 1.358 C7-C8-C9 120.6 120.1 119.6
09»-C10 1458 1441 1.441 C8-C9-09y) 124.9 126.2 126.2
C10-Cl1 1.479 1.518 1.516 CB-C9-09;, 111.5 110.5 110.1

*(Luger [23])
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Figure 1. 2D, optimized structure and EPS of EPE and its derivate.
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Figure 2. Interaction of molecular orbital EPE with Fe.

The strength of the interaction between the ligand (electron donor) and iron (electron acceptor) also
depends on the interaction energy (AE). The amount of the interaction energy is closely related to the

stability of the complex formed. Strong and stable interactions have low energy interactions. So the
more negative AE, the more stable the interaction between the ligand and the metal. Table 2 shows that
EPE-NH, shows the most stable interaction. This indicates that EPE-NH. compounds are better
corrosion inhibitors compared to other EPE derivatives. The NH; substituent is a good electron donor
group so it can donate more electrons to interact more strongly with metals. Other findings show that
based on potential electrostatic visualization (ESP), it appears that the electronegativity is large in yellow
in the EPE benzene ring area (Figure 1). The = electrons which are conjugated in the benzene ring will

contribute more in interaction than substituent group.
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Table 2. The quantum chemical parameters, corrosion inhﬁ(or efficiencies and binding energies of the
EPE and its derivatives obtained from B3LYP and MP2at 6-31G(d)level of theory

Parameters EPE EPE-NH: EPE-NO:
DFT MP2 DFT MP2 DFT MP2
Enomo (eV) - 6.0635 - 6.7607 - 5.6867 - 5.5441 - 6.5362 - 6.0341
ELLma(eV) - 1.8964 0.8988 - 1.8357 0.8800 -29715 0.5385
Egan(eV) -4.1672 - 7.6595 -3.8510 - 64241 -3.5647 - 6.5726
I(eV) 6.0635 5.7607 5.6867 5.5441 6.5362 6.0341
AY) 1.8964 - 0.8988 1.8357 -0.8800 29715 - 0.5385
s (eV) 39799 2.9309 3.7612 2.3320 4.7538 27478
AN 0.7247 0.5312 0.8411 0.7266 0.6301 0.6470
IEtheory%e 76.2276 74.3334 804611 82.4576 69.7064 71.9450
AE (KJ.mol") -165.95 -166 85 -17556 176.65 -170.46 -17132

The mechanism of interaction between EPE and iron can be seen in Figure 2. The interaction involves
HOMO and HOMO/1 orbital from EPE with iron orbital LUMO. It appears that the orbital in HOMO1
are also strongly involved in interaction. It indicates that there is an interaction between the sigma
bonding orbital in EPE interacting with iron sigma antibonding. In addition, the possibility of back
donation from the d orbital is pushed to the iron to the antibonding sigma of EPE. The detail of
interaction can be seen from the results of the NBO analysis which will be presented in the next article.

4. Conclusion

A theoretical study has been carried out using MP2 and DFT/6-31G(d) method to study the interaction
mechanism between EPE and iron in term of corrosion inhibition. The calculation results show that
quantum parameters have a good correlation with corrosion inhibition efficiency. The interaction
mechanism also involves HOMOI in addition to the HOMO orbital from EPE. Furthermore, it appears
that the efficiency of corrosion inhibition increases due to the addition of electron donor substituent
NH..

References

[1] Xhanari K, Findgar M, Hrn¢i¢ M K, Maver U, Knez Z, Seiti B 2017 Green corrosion inhibitors
for aluminium and its alloys: a review, RSC Advances 7(44) 27299-27330

[2] Raja P B, Sethuraman M G 2008 Natural products as corrosion inhibitor for metals in corrosive
media—a review Mater. Lett. 62(1) 113-116

[3] Umoren S A, Eduok U M 2016 Application of carbohydrate polymers as corrosion inhibitors for
metal substrates in different media: a review Carbohydr Polym. 140 314-341

[4] Raja P B, Ghoreishiamiri S, Ismail M 2015 Natural corrosion inhibitors for steel reinforcement
in concrete—a review Surf Rev Lett. 22(03) 1550040

[5] Njoku D I, Ukaga I, Ikenna O B, Oguzie E E, Oguzie K L, Ibisi N 2016 Natural products for
materials protection: corrosion protection of aluminium in hydrochloric acid by Kola nitida
extract J Mol Lig. 219 417-424

[6]  Srivastava M, Tiwari P, Srivastava S K, Kumar A, Ji G, Prakash R 2018 Low cost aqueous extract
of Pisum sativum peels for inhibition of mild steel corrosion J Mol Lig 254 357-368

[7] Hakim A, Andayani Y, Rahayuan B D 2019 Isolation of Ethyl P-Methoxy Cinnamate from




4th Annual Applied Science and Engineering Conference I0P Publishing

Journal of Physics: Conference Series 1402 (2019) 055046  doi:10.1088/1742-6596/1402/5/055046

(8]
9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

(20]
(21]

(22]

(23]

Kaemferia galanga L J Phys Conf Ser. 1095

Hakim A, Kadarohman A, Syah Y M 2016 Effects of the Natural Product Mini Project Laboratory
on the Students Conceptual Understanding J Turk Sci Educ. 13(2)

Hakim A, Kadarohman A, Syah Y M 2015 Making a natural product chemistry course meaningful
with a mini project laboratory J Chem Educ. 93(1) 193-196

Hadisaputra S, Purwoko A A, [lhamsyah I, Hamdiani S, Suhendra D, Nuryono, Bundjali B 2018
A combined experimental and theoretical study of (E)-ethyl 3-(4-methoxyphenyl) acrylate as
corrosion inhibitor of iron in 1 M HCI solutions Int J Corros Scale Inhib. 4 633-647

Hadisaputra S, Hamdiani S, Kurniawan M A, Nuryono 2017 Influence of macrocyclic ring size
on the corrosion inhibition efficiency of dibenzo crown ether: a density functional
study Indones J Chem. 17(3)431-438

Hadisaputra S, Hamdiani S, Junaidi E 2016 Theoretical study on corrosion inhibition properties
of 2-isopropyl-5-methylphenol ALCHEMY Jurnal Penelitian Kimia 11(2) 102-110

Obot [ B, Gasem Z M, Umoren S A 2014 Molecular level understanding of the mechanism of
aloes leaves extract inhibition of low carbon steel corrosion: a DFT approach Int J Electrochem
Seci. 9 510-522

Gece G 2008 The use of qu antum chemical methods in corrosion inhibitor studies Corros Sci.
50(11) 2981-2992

Alibakhshi E, Ramezanzadeh M, Bahlakeh G, Ramezanzadeh B, Mahdavian M, Motamedi M
2018 Glycyrrhiza glabra leaves extract as a green corrosion inhibitor for mild steel in 1 M
hydrochloric acid solution: Experimental, molecular dynamics, Monte Carlo and quantum
mechanics study J Mol Lig. 255 185-198

Frisch M, Trucks G, Schlegel H, Scuseria G, Robb M, Cheeseman J, Montgomery Jr J, Vreven
T, Kudin K and Burant J 2004 Gaussian 03 (Wallingford, CT: Gaussian Inc.)

Hadisaputra S, Pranowo H D, Armunanto R 2012 Theoretical study on the binding selectivity of
18-membered azacrown ethers with alkaline earth metal species Indones J Chem, 12(3) 207-
216

Hadisaputra S, Canaval L R, Pranowo H D, Armunanto R 2014 Theoretical study of substituent
effects on Cs+/Sr 2+—dibenzo-18-crown-6 complexes Monatsh Chem. 145(5) 737-745

Hadisaputra S, Canaval L R, Pranowo H D, Armunanto R 2014 Theoretical Study on the
Extraction of Alkaline Earth Salts by 18-Crown-6: Roles of Counterions, Solvent Types and
Extraction Temperatures. Indones J Chem. 14(2) 199-208

Purwoko A A, Hadisaputra S 2017 Experimental and Theoretical Study of the Substituted (H6-
Arene) Cr(CO)3 Complexes Orient J Chem. 33(2) 717-724

Hadisaputra S, Purwoko A A, Hamdiani S, Nuryono 2019 Which anthocyanin is the best
corrosion inhibitor?. IOP. Conf Ser Mater Sci Eng. 509 1 012129

Hamdiani S, Rohimah [ H, Nuryono N, Purwoko A, Savalas L R T, Hadisaputra S 2019 ab initio
Study of Corrosion Inhibition Performance of Dibenzo-diaza-15-crown-5 and its Heterocyclic
Analogs Asian J Chem. 31(2) 303-308

Luger P, Weber M, Dung N X, dan Tuyet N T B 1996 Ethyl p-methoxycinnamate from
Kaempferia galanga L. in Vietnam Acta Cryst. C45 1255-1257




Dr. Saprizal Turnitin Lampiran C19

ORIGINALITY REPORT

23, 22, 18 11w

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
Submitted to Universitas Negeri Jakarta
1 %
Student Paper Y
aip.scitation.org 5
Internet Source %
Saprizal Hadisaputra, Agus Abhi Purwoko, 30/
(0]

Saprini Hamdiani, N Nuryono. "Which
anthocyanin is the best corrosion inhibitor?",
|IOP Conference Series: Materials Science and
Engineering, 2019

Publication

hal-univ-rennes1.archives-ouvertes.fr 20/
(0]

Internet Source

=

Saprizal Hadisaputra, Agus Abhi Purwoko, 20/
Rahmawati, Saprini Hamdiani, Yuniar Ponco °
Prananto, Nuryono. "Theoretical study on the
corrosion inhibition performance of dibenzo-18-
crown-6 and its derivatives", IOP Conference
Series: Materials Science and Engineering,

2019

Publication




sinta3.ristekdikti.go.id

Internet Source

2

2 mafiadoc.com

Internet Source

2

H repository.uhamka.ac.id

Internet Source

1o

Exclude quotes Off
Exclude bibliography On

Exclude matches

<1%



	Dr. Saprizal Turnitin Lampiran C19
	by Saprizal Hadisaputra C48

	Dr. Saprizal Turnitin Lampiran C19
	ORIGINALITY REPORT
	PRIMARY SOURCES


