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Adsorption and anti-corrosion characteristics of
vanillin Schiff bases on mild steel in 1 M HCl:
experimental and theoretical study†

Sanjoy Satpati,a Sourav Kr. Saha, bd Aditya Suhasaria,a Priyabrata Banerjee *bc

and Dipankar Sukul *a

Herein, two Schiff base derivatives of vanillin and divanillin with 2-picolylamine, namely, 2-methoxy-4-

((pyridin-2-ylmethylimino)methyl)phenol (compound A) and 3,30-dimethoxy-5,50-bis-((pyridin-2-
ylmethylimino)methyl)-[1,10-biphenyl]-2,20-diol (compound B), respectively, were synthesized.

Additionally, their adsorption characteristics and corrosion inhibition behavior were compared for mild

steel in 1 M HCl using electrochemical impedance spectroscopy, potentiodynamic polarization and

weight loss methods. Compound B was found to impart a better anti-corrosive effect (around 95%

inhibition efficiency at 313 K) than compound A. The inhibitors act as effective mixed-type inhibitors and

exhibit Langmuir-type adsorption behaviour. The kinetic–thermodynamic parameters together with the

data obtained from density functional theory (DFT) and molecular dynamics (MD) simulations illustrate

the mechanism of corrosion and mode of adsorption of both inhibitors on the metal surface. The better

corrosion mitigation propensity of the dimeric form of the inhibitor (compound B) over the monomeric

form (compound A) was tested experimentally and explained according to the theoretical data.

Introduction

The application of suitable corrosion inhibitors for the control
of corrosion in metals and alloys is very important.1–4 However,
due to ecological concerns, the use of inorganic inhibitors is
gradually being restricted. This has resulted in a surge of
studies involving organic corrosion inhibitors. Organic
compounds containing N, S, and O atoms generally show good
inhibition efficiency for mild steel in acidic media.5–12 In addi-
tion to various heterocycles,13 amines14 and imines,15 different
other classes of organics, such as amino acids,16,17 vitamins,18

polysaccharides,19 surfactants,20 polypeptides,21 lipids,22 poly-
phenols1 and others, have been reported to act as efficient

corrosion inhibitors. Schiff bases are versatile compounds,
which are synthesized via the condensation of primary amines
and carbonyl compounds, and used widely in pharmaceuticals,
agrochemicals and materials science.23–25 In this work, we
aimed to investigate the corrosion inhibition properties of two
newly synthesized Schiff base derivatives of vanillin and diva-
nillin with 2-picolylamine for mild steel in 1 M HCl.

Vanillin, a biomass-derived phenolic aldehyde, is widely
used as a avoring agent in foods, beverages and pharmaceu-
ticals owing to its anti-microbial and anti-oxidant properties.26

It was rst extracted from vanilla beans, which are primarily
obtained from the orchid Vanilla planifolia. The synthetic
production of vanillin from the abundant lignin via metal-
catalyzed air oxidation converts it into a potential renewable
feedstock chemical.27,28 Herein, we provide further value to
vanillin and explore its potential for applications in a new arena
of green corrosion inhibitors, which are essentially of bio-origin
and less toxic to the environment. To date, vanillin has been
tested for its anti-corrosive propensity for aluminum in acid
solutions.29 However, since vanillin itself failed in this effort for
ferrous metal, it was derivatized into a Schiff base, i.e., 2-
methoxy-4-((pyridin-2-ylmethylimino)methyl)phenol
(compound A). Further, we synthesized divanillin, which was
subsequently converted to another Schiff base, 3,30-dimethoxy-
5,50-bis(((pyridin-2-ylmethyl)imino)methyl)-[1,10-biphenyl]-2,20-
diol (compound B). The molecular formulae of these two Schiff
bases are shown in Fig. 1. Compound B is essentially the
dimeric form of compound A. One of our main intentions of
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Waves in generalized thermo-viscoelastic infinite continuum
with cylindrical cavity due to three-phase-lag time-nonlocal
heat transfer

Md Abul Kashim Molla, Nasiruddin Mondal, and Sadek Hossain Mallik

Department of Mathematics and Statistics, Aliah University, Kolkata, India

ABSTRACT
Generalized thermoelastic interactions due to three-phase-lag time-
nonlocal heat transfer in a Kelvin-Voigt type infinitely extended visco-
thermoelastic continuum with cylindrical cavity has been investigated. The
two-temperature generalized thermoelasticity theory has also been taken
into account. The problem has been solved in the domain of Laplace on
the assumption that the surface of the cavity is free from traction and is
subjected to a smooth and time-dependent-heating effect. Laplace inver-
sion of the transformed solutions has been carried out numerically. The
obtained numerical data for different considerations are plotted in
graphs to study the effects of time-nonlocal parameter, two-temperature
parameter and visco-thermoelastic relaxation parameter on different
thermoelastic quantities of physical interest.
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Introduction

Thermoelasticity theories are divided into two sections, classical thermoelasticity theories and
generalized thermoelasticity theories. Classical thermoelasticity theories are also partitioned into
classical uncoupled thermoelasticity theories and classical coupled thermoelasticity theories [1].
Both classical uncoupled and coupled thermoelasticity theories suffer from the crucial imperfec-
tion that the heat conduction equation of these theories recommends an unrealistic observation
of unbounded speed of thermal wave propagation [2]. To prevail over this untenable observation,
generalized thermoelasticity theories were introduced surpassing the classical thermoelasticity
theories. First impressive contribution to this new horizon of thermoelasticity theories was due to
Lord and Shulman [3]. Later on Green and Lindsay [4], Green and Naghdi [5–7], Tzou [8], S. K.
Roy Choudhuri [9] and several other researchers developed different generalized thermoelasticity
theories. The works of Ignaczak and Ostoja-Starzewski [10] and Chandrasekharaiah [11, 12] may
be referred for details in this perspective. From the experimental view-points, it is evident that
the theories of generalized thermoelasticity are more suitable than the classical theories of ther-
moelasticity to cope with short-lived practical problems with excessive heat fluxes which occur
generally in nuclear power plant and laser beam etc.

Thermoelasticity theories for elastically deformable continuum accommodate two different
sorts of temperatures [13–16], represented by h, / and respectively known as the thermodynamic
temperature and the conductive temperature. h appears for thermal processes and / appears for

CONTACT Sadek Hossain Mallik sadek.math@aliah.ac.in; sadek.math@gmail.com Department of Mathematics and
Statistics, Aliah University, Kolkata, 700160, India.
� 2020 Taylor & Francis Group, LLC
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Threats of plastic pollution and awareness among
common people: A multi attribute problem

Supratim Mukherjee

Department of Mathematics, Government General Degree College, Tehatta, India

(Received 24 February, 2020; Accepted 2 May, 2020)

ABSTRACT

Pollution is a global issue. It does not consider the international borders or any other human restricted
conditions while spreading. Specially Plastic Pollution has been a recent topic of deep concern due to its
immense capacity of causing Environmental threats. This work searches for the logical consistency between
the threat and the awareness of the threat among common people. Uncertainty based logical tools have
been used to determine the nature of the Multi Attribute Problem.

Key words: Plastic pollution, Fuzzy logic, MADM, Grey sets, Fuzzy sets, TFN.

Introduction

Fuzzy logic accommodates semantics for multivari-
ate logic. Normally crisp sets are Cantorian collec-
tions consisting of core elements, but Fuzzy sets are
like Russellian classes, based on membership grades
criteria. Because Fuzzy sets are locally subjective,
while assigning membership degrees, at least one
membership degree has to be made subjective and
also it relies on expert’s choice, i.e., in broad sense it
is context dependent. Fuzzy logic is a concept de-
rived from the branch of mathematical theory of
Fuzzy Sets. Unlike the basic Aristotelian theory that
recognizes statements as only “true” or “false” (i.e.,
1 or 0) as represented in digital computers, Fuzzy
logic is capable of expressing Linguistic terms such
as “may be false” or “sort of true”. Fuzzy Logic al-
lows one to emulate the human reasoning process,
quantify the imprecise information, provide deci-
sion based on vague and incomplete data and arrive
at a definite conclusion. The logic underlying Fuzzy
set theory is multivalent. In general, a multivalent
logic can be regarded as a calculus of either on the

level of credibility of propositions or on the truth
values of the Fuzzy predicates. In most of the mul-
tivalent logics there is no longer an excluded middle
law; this environment can be rendered as either the
absence of decisive belief in one of the sides of an
alternative or the imbrications of contrastive Fuzzy
concepts.

The threats of plastic pollution are now a global
issue. Almost in every Country, regular awareness
programs are being arranged and executed to resist
the threat. In this work, the aim is to evaluate coun-
try wise threats of Plastic Pollution by Fuzzy Multi
Attribute Decision Making. In section 2, preliminar-
ies on Fuzzy Sets and Fuzzy Logic are discussed.
Section 3 briefly describes the model of Fuzzy Multi
Attribute Decision Making Problem. In Section 4,
some analytical results are revealed. Section 5 con-
cludes the findings.

Fuzzy Logic and Fuzzy Sets

A Fuzzy set is normally expressed as a collection of
elements with a continuum of grades of member-
ship. It is characterized by a membership function,



Bis-benzothiazoles as efficient corrosion inhibitors for mild steel in
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Three different bis-benzothiazole (BBT) derivatives namely 2,6-bis(2-benzothiazolyl)pyridine (BBTP), bis(2-
benzothiazolylmethyl)sulphide (BBTMS), and 1,2-bis(benzothiazolyl)ethylene (BBTE) are synthesized and char-
acterized. Corrosionmitigation performance of these bis-benzothiazole derivatives have been inspected for mild
steel in aqueous 1 M HCl using electrochemical and gravimetric methods. Corrosion inhibition potentiality of
these inhibitors are in the order BBTP N BBTMS N BBTE. This is further substantiated from SEM images. Mixed
type corrosion inhibition for all the inhibitors is affirmed frompotentiodynamic polarization study. Effect of tem-
perature and exposure time is also evaluated employing gravimetricmethod. Following Langmuir adsorption iso-
therm, thermodynamic parameters related to adsorption process are enumerated. Adsorption data togetherwith
activation parameters are used to deduce nature of adsorption process of these inhibitors on metal surface. Den-
sity functional theory (DFT) and molecular dynamics (MD) simulation are done to explain experimentally ob-
tained result from theoretical view point. Observed corrosion inhibition trend is found to be related to spatial
orientation of inhibitormolecules in theirmost stable energy states in aqueousmedium as well as to their intrin-
sic molecular parameters.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Inhibition of corrosion of metals in acidic media by heterocyclic or-
ganic bases remains an active field of research for many years now.
Among these, azoles find a special interest due to good corrosion inhibi-
tion power, cost effectiveness, relatively low toxicity, bio-degradability,
and solubility in acidic aqueousmedia. Accordingly, different azoles like
indole, imidazole, benzimidazole, triazole, benzotriazole, pyrazole, tet-
razole, and their derivatives have been studied [1–9]. Effect of different
molecular parameters on corrosion mitigation like molecular volume,
unsaturation, heteroatoms, energies of frontier molecular orbitals
(FMO) and other intrinsicmolecular parameters have been investigated
in details. Our group has reported some interesting result on the effect
of spatial orientation, particularly how it affects the energies of FMOs,
and the nature of interaction with the metal surface employing benz-
imidazole (BI) derivatives for mild steel in aqueous HCl [8,9]. Here, we
intend to extend our work for benzothiazole (BT) derivatives.

BTs are very important aromatic heterocyclic compounds having a
5-membered 1,3-thiazole ring fused to a benzene ring and its

heterocyclic moiety is mostly substituted at the uniquemethyne center
of the thiazole ring. Its applications comprise diversified fields; from
medicinal chemistry to material science [10,11]. In addition, BTs are
known for imparting good corrosion protection to different metals
under varied conditions [12–17]. Still, corrosion mitigation study in-
volving bis-benzothiazole (BBT) derivatives is scarce. Also, structure-
reactivity correlation involving a series of structurally comparable BT
derivatives requires further elaboration. From this aspect, in the present
work we have used three different BBT derivatives, where each BT
group is separated from each other by a pyridine (in BBTP), or di-
methylene sulphide (in BBTMS), or ethylene (in BBTE) groups (vide
Table 1). Effect of these spacer groups on corrosion inhibition of mild
steel in 1 M HCl is investigated in details using electrochemical and
weight lossmethods. Thermodynamic parameters of adsorption and ac-
tivation parameters of corrosion reaction are evaluated. From DFT
study, we obtain intrinsic molecular parameters. Effect of spatial molec-
ular configuration in the most stable energy state and evaluated intrin-
sic molecular parameters are examined to decide on their effect on the
extent and mode of adsorption of these BBT derivatives on mild steel
surface in acidic medium. Among the mineral acids, HCl is used pro-
foundly in many industrial processes, such as steel pickling,
electroplating, cleansing algae and zebra mussels accumulated on any
underwater structure, activating oil wells, for maintaining acidity in

Journal of Molecular Liquids 313 (2020) 113537
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Single stranded polyriboadenylic acid [poly (rA)] has been accepted widely as a suitable drug target owing to its
vital role in the development of cancer since it controls gene expression during cell growth and differentiation.
The biological properties of poly (rA) depend on its structural morphology. Pharmacologically active flavonoids
can act as suitable binders to poly (rA) and significantly change its biophysical properties. Different factors favour
flavonoid-poly (rA) binding. In our present work we have explored the role played by the position of hydroxyl
groups in the flavonoids namely 3, 5, 6 and 7 hydroxyflavones in their course of interaction with poly (rA). A
range of spectroscopic experiments reveal that 3HF binds best to poly (rA) among the four chosen flavonoids.
This is probably due to the presence of a hydroxyl group in ‘3’ position that enables it to exhibit ESIPT phenom-
enon which is missing for the other used flavonoids.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

The discovery of nucleic acid structures has revolutionized drug de-
signing [1,2]. Their study has helped scientists to understand the basis of
most of the diseases and how to treat them. In most organisms DNA is
the carrier of hereditary unit [3] and hence most researches involve in
the studies of structural and functional aspects of drug-DNA interac-
tions. However during the last two decades there has been an inclina-
tion towards drug-RNA interaction [4]. This came as a consequence of
the role played by RNA in most virus related deadly diseases namely
HIV-AIDS, hepatitis, etc. [5,6]. But the exactmechanism of drug-RNA in-
teraction has not been explicitly illustrated so far.

RNA exists in different polymorphic forms in nature depending upon
sequence and environmental conditions and single helical structure is
the most abundant one. Among these, polyriboadenylic acid, hereafter,
poly (rA) has been observed to have numerous biological functions
[7,8]. Poly (rA) shows a pH dependent conformational change [9–11].
It exists as a double helical structure at acidic pH but at neutral pH the
single stranded structure is predominant [12,13]. This is confirmed
from X-ray diffraction and circular dichroism. The gene expression dur-
ing cell growth and differentiation is determined by polyadenylate [14].
Most eukaryotic mRNAs have a lengthy polyadenylate tail which serves
a significant role in its maturity, stabilization and also in the translation
process [15]. The polyadenylate tail prevents the enzymatic degradation
of mRNAs in the cytoplasm [16]. Prokaryotes on the other hand do not

have polyadenylate sequences. Thus, the longevity of eukaryotic
mRNA over prokaryotic mRNA can be attributed to the presence of
polyadenylate tails [17]. Poly (rA) has been found to be associated
with a number of diseases. According to the reports of Green and Cartas,
the genome of RNA tumour viruses contains polyadenylate sequences
[18]. The polyadenylation of mRNA is catalysed by the enzyme poly A
polymerase (PAP). In a recent study it was found that Neo-PAP, a
human origin PAP, is dramatically expressed in cancer cells [19]. Thus,
study of small molecules that can bind to poly (rA) in mRNA tail and
may possibly interfere with its maturation and delay or rupture the
encoded protein synthesis can open a new genre of therapeutic agents.
This apart, polyadenylic acid has potential to develop G-Quadruplex
structures [20] which play a significant role in immunoglobulin heavy
chain switching [21].

Flavonoids are a multifunctional group of plant secondary metabo-
lites that not only benefits the floral kingdom but has also contributed
a lot towards modern day drug designing [22,23]. Their small size and
planar structure make their binding to nucleic acids highly compatible.
They have found a place as a part of dietary substituent since a long
time. But it was their biological attributes that brought them into lime-
light. They have a wide range of biological activities ranging from anti-
oxidising [24], anti-bacterial [25], anti-viral [26], anti-tumour [27],
anti-inflammatory properties etc. [28]. They arewell-known free radical
scavengers responsible for DNA damage and tumours [29,30]. Studies
show that their anti-oxidant property may be attributed to their extent
and position of hydroxylation [31]. Flavonoids like quercetin and
naringin are known to inhibit CYP3A4 which is the most abundant
P450 enzyme in liver responsible for metabolism of carcinogens and
medicines. This property has made them quite sought after as anti-
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Abstract 
Polyglot federations face a challenge in reconciling between the national identities and regional identities. 
Demand for a second States Reorganisation Commission (SRC) in India in 2015 by some groups bears 
testimony to this fact. On the question of political remapping in post-independence period, the 
constitutional ancestors sought to save India from another religious bigotry and the menace of casteism. 
The emergence of language as a viable alternative gained momentum in Nagpur session (1920) of the Indian 
National Congress (INC). But subsequent years encountered with a difficulty in adopting territorial solution 
for accommodating India’s multilingual identities. Pre-constitutional, extra-constitutional and 
constitutional arrangements have faced the challenge of linguistic accommodation. Dar Commission 
warned the risk of federal remapping with existing linguistic pocket corridors in the states. Inter-state 
migration has proliferated the problem over the years. Even the SRC could not provide adequate safeguards 
for large number of linguistic minorities living in all states (Kerala becomes exception with 97.03% 
linguistic majorities). There new minority emerged and accommodated but with limits. Census report of 
2011 shows India having 19,569 languages which stood 1369 after linguistic scrutiny. Territorial machinations 
appear inadequate to satisfy all linguistic groups but only to incur huge expenditure. Indian federalism 
seems deficient in non-territorial power sharing which has succeeded in countries like Belgium in the form 
of Consociational representation. With its promise of inclusivity by means of a possible alternative it 
demands the attention of the policy makers as well as the academia. 
 
Keywords: Polyglot federations, political remapping, States Reorganisation Commission, linguistic 
minorities, Consociational Representation                                                                                                                                                                                                              

 
 
Introduction 

India with her vast multi-ethnic diversities has been commendably successful in maintaining a 
federation, as compared to the developed federal systems of the first world. Somewhat 
surprisingly, federal paradigm has been reduced to a half-cultivated discipline among the pupils 
of constitutional and political studies in India where federalism is meant to be a politico-
administrative mechanism in a large region. Administrative decentralization may be possible 
without having a federated system, but remains hostile where demography of the region is 
enriched with vibrant diversity. This diversity lies with one’s identity ranging from caste, religion, 
region, culture to language. India like any other multi-ethnic and polyglot federation seeks to 
accommodate her diverse identities with her national identity. After the fatal consequences of 
religion and caste, language appeared to be an obvious choice in the process of such 
accommodation which remains to be a challenge for any federal governance.  
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A Spectroscopic Approach towards the Comparative
Binding Studies of the Antioxidizing Flavonol Myricetin
with Various Single-Stranded RNA
Susmita Chowdhury, Sutanwi Bhuiya, Lucy Haque, and Suman Das*[a]

RNA based drugs have come to limelight owing to the major
role played by RNA in the development of many viral diseases.
Molecules which can effectively bind with RNA can induce
morphological changes in RNA which further modifies its
biological properties. Flavonoids are phytochemicals having a
wide range of pharmacological properties and are known to
interact with DNA. We have used RNA instead of DNA and
aimed at establishing a comparison of binding of three single
stranded forms of RNA homopolymers namely polyriboadenylic
acid [poly(rA)], polyuridylic acid [poly(rU)] and polycytidylic acid
[poly(rC)] with the flavonol myricetin (herein after MTN), our

probe of interest. A series of spectroscopic experiments like
spectrophotometry, spectrofluorimetry and circular dichroism
studies indicate a stronger binding of myricetin with poly(rA)
followed by poly(rU) and finally poly(rC). This was confirmed
from the construction of Scatchard plot using the Mc-Ghee von
Hippel equation for cooperative binding. The magnitude of the
order of binding was 103 M� 1 at 25 °C in all the cases. It is to be
noted that most eukaryotic mRNAs have a poly adenylate tail.
Binding of MTN to poly(rA) in virulent cells could effectively
alter the encoded protein synthesis and reduce chances of
occurrence of the disease.

1. Introduction

Flavonoids are Nature’s doctor with the exemption of fees.
They are phytohormones, more specifically; secondary metabo-
lites belonging to the polyphenolic class and are abundant in
citrus fruits, apple, olive oil, tea, red wine, berries and soy.[1]

They act as potent anti-proliferators and free radical scavengers
- properties that have long mesmerized the scientists and
encouraged them to indulge in flavonoid dependent drug
designing.[2] Myricetin, (hereafter, MTN) [IUPAC{3, 5, 7-Trihy-
droxy-2-(3, 4, 5-trihydroxyphenyl)-4-chromenone}], is a wide-
spread flavonol. Its structure is analogous to fisetin and
kaempferol only differing in the number of hydroxyl groups
[Figure 1]. It has diverse pharmacological functions including
antioxidizing as well as pro-oxidizing properties, anti-viral, anti-
carcinogenic, mutagenic, anti-atherosclerotic[3–5] anti-inflamma-
tory, anti-diabetic and neuroprotective activities.[6–8] It is also
reputed to aid prevention of platelet aggregation.[9,10] Its
antioxidizing properties are attributed to the hydrogen donat-
ing ability resulting from the multiple hydroxyl groups attached
to the aromatic rings.[11] Research says that bivalent cations
such as Fe2+, Zn2+ and Ni2+ increase chances of lipid oxidation

in cooked fish which degrades its nutritional value; this
oxidation process is arrested in presence of MTN.[11] Studies in
mice have revealed that MTN increases muscle strength and
tolerance to reduced temperatures.[12] MTN is useful in inducing
apoptosis in carcinogenic liver cells and can benefit the cancer
treatment sector.[13] It has an important role in the inhibition of
DNA/RNA replication and repair.[14]

Recent advances have revealed the indispensable role of
RNA in vital cellular processes viz. transcription, translation and
a trail of processes leading to protein formation.[15] The role
played by RNA in the progression of critical diseases like HIV
AIDS, Hepatitis C and cancer earned it an overwhelming
importance.[16] RNAs undergo allosteric conformational changes
carving out suitable pockets for specific drug recognition.[17]

Biological relevance of single-stranded RNA (hereafter ss-RNA)
having different sequences namely polyadenylic acid [poly(rA)],
polyuridylic acid [poly(rU)], polycytidylic acid [poly(rC)] etc.
have been documented in the literature. Poly(rA) is present in
the mRNA (messenger RNA) tail. When this tail is bound to a
drug, the encoded protein synthesis gets altered.[18,19] Marshall
Nirenberg discovered that poly(rU) encodes the homopolypep-
tide phenylalanine which has significant effects on depression,
pain and skin disorders.[20] Adenylate and uridylate also play an
imperative role in supervising gene expression during cell
growth and differentiation and in immune response.[21,22]

A lot of research has been carried out on flavonoid-DNA
interaction owing to easy availability of DNA in nature and
much is known about its structure.[23–26] Flavonoids like
quercetin and kaempferol show high binding affinity towards
DNA and RNA duplexes.[27] Another flavonoid luteolin has been
found to stabilize the Hoogsteen paired strand in triple helical
RNA.[28] Compared to DNA, knowledge on structure and
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Three Schiff bases composing of cinnamaldehyde and three different amino acids, namely glycine (CGSB), histi-
dine (CHSB) and tryptophan (CTSB) have been synthesized and investigated for their anti-corrosion propensity
on mild steel in 1 M HCl. Both gravimetric and electrochemical experimentation establish the CTSB as superior
inhibitor, while the CGSB as the least effective among the three. Effectiveness of the Schiff bases is tested upto
60 °C for an exposure of 6 h in HCl. Effect of various exposure times, maximum being 96 h, is also investigated
at a fixed temperature of 30 °C. All the three inhibitors impart appreciable extent of corrosion inhibition efficiency
under these extreme conditions. Thermodynamic adsorption and kinetic parameters ascertain chemisorption of
these mixed-type corrosion inhibitors on mild steel. Mode and extent of interaction between Schiff bases and
mild steel are evaluated from quantummechanical calculation and molecular dynamics simulation.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Evaluating structure-reactivity correlation remains an important as-
pect towards devising new and efficient organic corrosion inhibitors for
potential industrial application [1–7]. Organic inhibitors available from
bio-resources, including essential oils, have gained special attention
for their sustainable availability, relative low cost and, most importantly
environmental benign characteristics; and are termed as so-called
green corrosion inhibitors [8–17]. Cinnamaldehyde, amajor constituent
of cinnamon oil, is an aromatic compound with a benzene ring and an
aldehyde group attached to an unsaturated C = C bond at both ends.
This unique combination has bestowed cinnamaldehyde some special
properties conducive for its application in medicine [18], as well as in
material science as corrosion inhibitor in high acid concentration and
at elevated temperature [19–21]. To enhance solubility of cinnama-
ldehyde in aqueousmedium and also to improve its other biological ac-
tivities, cinnamaldehyde is derivatized in many ways, including
formation of Schiff bases [22]. Some of these Schiff bases have been
tested for anti-corrosion effectiveness [23–25]. But, no report on the
corrosion mitigation by cinnamaldehyde and an amino acid conjugated

Schiff base is available till now. As a matter of fact, such study involving
an amino acid Schiff base is very limited. Whatever literature suggests
includes benzaldehyde and vanillin as the corresponding aldehyde pre-
cursor [26,27]. Amino acids, in general provide relatively lower degree
of protection from corrosion for mild steel in aqueous HCl [28]. A Schiff
base derived from an amino acid and cinnamaldehyde is expected to
yield significant corrosion protection, as it will possess high electron
density due to the aromatic moieties and heteroatoms like nitrogen, in
addition to C = C and the imine (C = N) bonds. This should facilitate
bonding with the metal through transfer a part of excess charge. To ac-
complish this, we have selected three different amino acids, namely gly-
cine, histidine and tryptophan, which represents gradual enhancement
of structural complexity. Corresponding Schiff bases are shown in
Table 1 along with their IUPAC nomenclature.

The main objectives of this work are to elucidate the influence of
structural factor, spatial orientation, and intrinsic molecular properties
of these synthesized Schiff bases towards their adsorption characteris-
tics on mild steel in aqueous HCl (1M) and the extent of corrosion pro-
tection of the metal. In addition, how the conjugation of two naturally
available products influence the corrosion inhibitory effect for
prolonged time and at higher temperature will be interesting to
investigate.
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