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Abstract

Alkaloids are naturally occurring nitrogen containing organic bases that possess diverse and
significant physiological effects on animals and humans. They are mostly derived from the
plants. Because of their natural and biological origin, they (alkaloids) are considered as
environmental benign alternatives to be used as corrosion inhibitors at the place of traditional
and toxic synthetic corrosion inhibitors. Numerous alkaloids have been employed as effective
corrosion inhibitors for metals and alloys in different electrolytic media. It has been
established that alkaloid molecules are associated with extensive conjugation in the form of
non-bonding and m-elections through which they can interact strongly and inhibit corrosion
efficiently. Present review article features the collection of reports published on the topic
alkaloids as corrosion inhibitors. In this review article, we also described the corrosion and its
adverse effect, mechanism of corrosion and corrosion inhibition by organic corrosion
inhibitors (including alkaloids) and factors affecting the inhibition property of corrosion
inhibitors. Literature study suggests that most of the alkaloids are soluble in the polar
electrolytic media and thereby behave as good corrosion inhibitors. Present review article
describes the inhibition effect of several classes of alkaloids such as pyridine, purine and
indole derivatives that have been used previously. Chemical structures alkaloids and their
mode of adsorption and interactions with the metallic surface, nature of metal and electrolyte
and related salient features have also been tabulated in the review.
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1. Introduction

1.1. Corrosion and corrosion inhibition

Metallic alloys are the most commonly employed constructional materials in industries and
household applications because of their high mechanical power, high thermal and chemical
stability and low cost [1-4]. Both ferrous and non-ferrous based alloys are being used as
constructional materials in numerous industries including petroleum, marine, aerospace
and petroleum industries [5-7]. However, these alloys are highly reactive and undergo
corrosion particularly during some common industrial acidic cleaning processes such as
acid descaling, oil well acidification and acid pickling. However, most of the metallic
materials are very predisposed to corrosion by chemical and electrochemical reactions with
surrounding components, particularly during the acidic cleaning processes that cause
enormous safety and economic losses [8, 9]. As per the recent report of NACE (National
Association of Corrosion Engineers), estimated annual cost of corrosion is close to
$100 billion USD [10, 11]. For the reason that corrosion causes massive trade and industry
and safety losses, numerous preventive methods have been developed from time to time in
order to prevent the corrosion and corrosive damages [12—15]. Out of all used methods,
implementation of organic corrosion inhibitors is one of the most significant methods due
to its several beneficial properties such as ease of synthesis, ease of application, cost-
effective and high inhibition performance [16—20]. High inhibition effectiveness of these
organic inhibitors are linked with their highly electron rich adsorption centers. Generally,
polar functional groups such as —OH, —CN, —NH,, —NO,, —~OCHj3;, —CONH,, —~COOC,Hs,
—-0-, -S-S—-, -SH, —NH-CS-NH-, —CSNH,,~PO(-0C;Hs),, —NH-SO,—, etc. and
extended conjugation in the form of homo and hetero-atomic double (>C=C<, -S=0,
—N=0, >C=0, >C=N- and —N=N-) and triple bonds (-C=N, —C=NC-) act as
adsorption centers [2, 21]. In general, the polar functional groups of heteroatoms act as
adsorption centers (interact with metallic surfaces) and multiple bonds enhance electron
density at adsorption centers through conjugation. The interactions between organic
inhibitors (or filming inhibitors) results into the adsorption and formation of surface film
over the interfaces of metal and environments (or electrolytes) that isolates the metals from
corrosive surrounding and protect from corrosion.

1.2. Mechanism of Corrosion inhibition

Corrosion in acidic medium causes the maximum economic and safety losses. The
inhibitors can be classify into anodic, cathodic or mixed type depending upon their major
retarding influence on anodic, cathodic or both reactions, respectively. Most of the organic
reactions affect both anodic and cathodic reactions from their presence. In absence of the
corrosion inhibitors, anodic dissolution and cathodic hydrogen evolution reactions of mild
steel in aqueous medium can be presented as follows [22, 23]:
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(A). Anodic reactions

Fe+H,0<«>FeOH_, +H" +e” (1)
FeHO,,, — FeOH" +e~ (2)
FeHO" +H* <> Fe? +H,0 3)
(B). Cathodic reactions
Fe+H" — (FeH"), 4 4)
(FeH™"),4 +€ — (FeH), 4 (5)
(FeH),, +H" +e~ > Fe+H, (6)

However, in the presence of organic corrosion inhibitors in the acidic solution,
mechanism of mild steel corrosion changes significantly. The anodic dissolution reactions
in the presence of corrosion inhibitor (CINH) can be presented as follows [22, 23]:

Fe+H,0 <> Fe(H,0), (7)
Fe(H,0), 4 +CINH <> FeOH_, +H* +CINH (8)
Fe(H,0).4 + CINH — Fe(CINH),, +H,0 (9)
FeOH_,, — FeOH,,, +e" (10)
Fe(CINH),,, — Fe(CINH),  +e~ (11)

Fe(CINH)?, +FeOH._, <> Fe(CINH),, +FeOH* (12)

ads

It is imperative to remark that prompt oxidation of metallic materials in acidic
medium results into the accumulation of positive charge, that favours the adsorption
(physisorption) of negatively charged counter ions such as sulphate (from H,SO,), chloride
(from HCI), nitrate (from HNO3) and phosphate (from H3PQO,4) at the metallic surface
[23-25].

Therefore, in exceedingly destructive acidic solution metallic faces turn out to be
negatively charged because of the collection of counter ions. On the other hands,
heteroatoms of organic inhibitors grow into positively charged owing to their protonation
[23, 26]. The negative charge metallic faces and positive charged organic inhibitors
attracted each other through electrostatic force of attraction (physisorption). The cationic
form of inhibitor molecules take the electrons originated from metallic surfaces and
transform into their neutral forms with heteroatoms having their free lone pair of electrons.
Subsequently, the organic inhibitors transfer (donation) their - and non-bonding electrons
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(coordination bonding) into the d-orbitals of superficial metallic atoms (chemisorption).
However, metals are already electron rich species this type of electronic transfer causes
interelectronic repulsion that favours transfer of electrons from the metallic d-orbitals to
the anti-bonding molecular orbitals of the inhibitor molecules through the phenomenon of
retro-donation (chemisorption) [23, 26]. The phenomenon of donation and retro-donation
strengthen each other through synergism (similar to metal carbonyl interactions). On this
basis, it can be concluded that metal surface-organic inhibitor interactions (or adsorption)
are not either pure physical or not pure chemical but it an association of both kinds of
interactions (physiochemisorption). Mechanism of anodic and cathodic corrosion
inhibition by organic compounds is illustrated in Figure 1.

Mild steel
surface

Anodic sites

N
/ 0\ /

c1 FeCl,.H,0,
H,0l! 0, FeCl,.H,O CINH
\_ T )

g N

In the absence of inhibitors In the presence of inhibitors

J

Cathodic sites
Mild steel

Surface

In the absence of inhibitors V R
In the presence of inhibitors

Figure 1. Corrosion inhibition mechanism of iron and its alloys by organic corrosion
inhibitors in chloride based electrolytic media.
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1.3. Effectiveness of corrosion inhibitors

Except few noble metals, all pure metals are associated with high chemical reactivity
because of their partially field d-orbitals therefore they naturally convert into their more
stable forms by the chemical and electrochemical reactions (corrosion) with the
surrounding components. There are several extensive and intensive factors that affect the
corrosion rate of any metal or metallic material. Since corrosion is an interfacial interaction
reaction of metal surface with the constituents of the surrounding environment, more
reactive metals corrode more rapidly as compared to the less reactive metals. Presence of
impurities helps in setting up the voltaic cells on the metallic surface and therefore
enhances the probability and rate of corrosive degradation [27—29]. Presence of inorganic
salts as impurities causes acceleration in the electrical conductivity of the electrolytes
which in turn enhance the corrosion rate [30—32]. Besides the impurities, presence of
oxygen plays an important role on the rate of corrosive degradation of metallic materials
[32—34]. Obviously, presence of oxygen enhances the rate of corrosion and presence of
different concentrations of oxygen results into the formation of differential aeration
electrochemical cells that can accelerate the corrosion rate [35, 36]. In general, high
oxygen concentration regions behave as cathode whereas low oxygen concentration
regions behave as anode in the differential aeration electrochemical cells. Similar to the
oxygen, presence of water and moisture, presence of carbon dioxide, presence of
electrolytes and rise in temperature enhances the corrosion rate [37, 38]. There are several
factors that affect the effectiveness of the organic inhibitors corrosion inhibitors. Increase
in the aggressiveness of corrosive environments such as presence of impurity, increase in
acidity and basicity, and increase in the flow rate of electrolyte and temperature cause the
acceleration in the corrosion rate [39-41]. Generally, organic compounds undergo acid
and/or base catalysed degradation (fragmentation) and rearrangement that adversely affect
their inhibition performance. Similarly, acid/base catalysed fragmentation and molecular
rearrangement at elevated temperature also reduces corrosion inhibition performance of the
organic corrosion inhibitors [2, 21]. Nevertheless, electronic structure of the organic
compounds is one of the most effective factors that should be considered for the designing
of the suitable corrosion inhibitors. Generally, presence of the electron releasing
substituents those enhance the electron density either by inductive effect (+1) or by
resonance (+R) such as —OH, —NH,, -NHMe, —NMe,, —SH, —~OMe and —SH, increase the
corrosion inhibition performance of the organic inhibition. On the other hands, electron
withdrawing substituents those withdraw electron by inductive effect (-1) or resonance
(—R) such as —CN, —NO,, —OCHjs, —-COOH, —COOC,Hs etc. decrease the protection ability
of the organic inhibitors. The effect of the substituent(s) on inhibition performance of the
organic inhibitors can be best represented by their Hammett constant values. Simplified
forms of the Hammett equation are presented below [42—-44]:
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K
1-n%
lo R = 14
gl—n%H (14)
% C 0
log 1R — Jog =t — p5—log -~ 15
gn%H gch po ogeH (15)

In above equations, ¢ is the Hammett constant and p is the reaction parameter and its
value mainly depends upon the nature of reaction. Kg and Ky, n%g and n%,, C,; and

C.4, 0g and 0, are the values of equilibrium constant, inhibition efficiency, corrosion rate

and surface coverage by organic corrosion inhibitors with in the absence (-H) and
presence of substituent (—R), respectively. The value of o gives information about the
electron withdrawing and/or donating ability of the substituents present in inhibitor
molecules. Generally, negative value of ¢ is associated with electron donating ability of the
substituent(s), whereas its positive value is consistent with electron accepting ability of the
substituent(s). The detail description of the substituents effect can be found elsewhere. On
this basis, it is concluded that compound containing electron releasing substituent or
negative value of Hammett constant value acts better corrosion inhibitor as compared to
the compound containing electron withdrawing substituent or positive value of Hammett
constant value. However, several exceptions have also been reported in literature and in
that cases effect of molecular size become more dominant as compared to the effect of
substituents.

1.4. Alkaloids as corrosion inhibitors

Alkaloids are naturally occurring nitrogen containing organic bases that possess diverse
and significant physiological effects on animals and humans [45, 46]. Alkaloids mostly
present in plants and till today more than 3000 alkaloids have been identified from more
than 4000 plants [47]. Although, biological functional of the alkaloids in plants is not
properly established however it has been suggested that they are produce as the waste
product of plant’s metabolic activities [48, 49]. In some studies, it has been reported as
alkaloids help in the ripening of seed and protection of the plants from the destructive
attack of insects [50, 51]. Alkaloids can be classified into different categories depending
upon their biosynthetic route, pharmacological activities, taxonomical origin and presence
of major heterocyclic structure moiety. The classification of alkaloids based on the
chemical structure of the nitrogen based heterocyclic compounds is one of the most
frequent and commonly used methods. On this basis, alkaloids can be categorised into
indoles, tropanes, pyridines, pyrrolidines, quinolines, isoquinolines, pyrrolizidines, steroids
and terpenes etc. [52, 53]. The basic skeleton of the alkaloids are given in Figure 2.
Alkaloids are used as effective medicines in health care such as in heart failure, cancer,
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blood pressure, cough and migraine [54, 55]. They are also used euphoric and addicting
drugs, animals catching, research and scientific studies and insect killer (or replants).
Literature survey reveals that there are several methods have been developed for the
isolation of alkaloids from plants [56, 57]. It has been established that most of the organic
corrosion inhibitors are toxic and non-environmental friendly in nature because of the
multistep synthesis using toxic and expensive reagents and solvents [58—-60]. Therefore,
there is a vital demand of green and environmental friendly corrosion inhibitors derived
from plants and natural origin. In this direction, utilization of plant extracts has gain
substantial courtesy for the inhibition of metallic corrosion [61-63]. Generally, plants
extracts contain several active phytochemicals those possess several adsorption centers in
the form of polar functional groups of heteroatoms and extensive conjugation in the form
of multiple bonds. These phytochemicals easily adsorb on the metallic surface using their
adsorption centers and form protective barrier which isolates the metallic surface and
protect from corrosion [60, 63].

Indole Tropane Pyrrolidine Pyridine
N
<:Q X XN
G =
Pyrrolizidine Quinoline Isoquinoline

Figure 2. Basic heterocyclic structures present in different classes of alkaloids used as
corrosion inhibitors for ferrous and non-ferrous alloys.

The corrosion inhibition effect of the plant extracts on different metals and alloys in
numerous electrolytic environments have been described elsewhere [13, 60, 64]. Literature
survey reveals that no systematic review is available on the topic “alkaloids as corrosion
inhibitors”. Presence review article feature the collects of alkaloids as corrosion inhibitors.

2. Different family of alkaloids as corrosion inhibitors

2.1. Pyridine based alkaloids as corrosion inhibitors

Pyridine derivatives represent as special class of nitrogenous heterocyclic compounds that
have numerous industrial and biological applications [65, 66]. Pyridine derivatives have
been widely employed for several pharmacological applications including their anti-
oxidant, anti-tumor, anti-mutagenic, anti-atherosclerosis, neuromodulator, neuroprotector,
anti-diabetic, hepatoprotector, anti-vasodilator and memory enhancer properties [67, 68].
Literature study shows that pyridine derivatives have also been employed as effective



Int. J. Corros. Scale Inhib., 2019, 8, no. 3, 512-528 519

corrosion inhibitors for different metals and alloys in numerous electrolytic media [69-72].
The high protection ability of the pyridine derivatives are attributed to the presence of non-
bonding electron pair of the pyridine nitrogen and six n-electrons of the aromatic ring that
can act as adsorption centers during metal inhibitors interactions along with the other
substitutes of the its derivatives. Numerous pyridine based alkaloids have also been
investigated as effective corrosion inhibitors for metals and alloys. Espinoza-Vazquez et al.
[73] studied the corrosion inhibition effect of nicotine on 1018 steel corrosion under
turbulent situation using chemical an electrochemical methods. Inhibition effect of the
nicotine was evaluated at its several concentrations ranging from 0—50 ppm and it was
observed that nicotine showed more than 90% inhibition efficiency. It was further
demonstrated that under static condition, nicotine showed better inhibition performance as
compared to the turbulent condition. Nicotine adsorbed on metallic surface through
physisorption mechanism following the Langmuir adsorption isotherm. The study
suggested that nicotine as long time corrosion inhibitor as it showed more than 87%
inhibition efficiency after the immersion time of 72 h. In another study [74], inhibition
effect of nicotine and caffeine investigated for the corrosion of carbon steel in 3% NacCl
solution saturated with CO, under static and turbulent conditions. Results showed that
caffeine showed better inhibition performance (>90%) as compared to the nicotine
(>80%). Both inhibitors adsorb spontaneously using physisorption mechanism and
Langmuir adsorption isotherm model. Both studied inhibitors acted as long term corrosion
inhibitors. Several experimental such as PDP, EIS, EDX and SEM methods were used to
demonstrate the inhibition performance of nicotine and caffeine. Vinutha and coworkers
[75] demonstrated the inhibition effect of benzyl nicotinate (BN) on the corrosion of cold
rolled steel in the acidic solution of 1 M HCI using gravimetric, electrochemical and
density functional theory (DFT) methods. Results showed that BN acted as mixed type
corrosion inhibitor. The BN strongly adsorb on the metallic surface obeying the Langmuir
adsorption isotherm model. Inhibition effect of the BN enhances with its concentration and
decreases on increasing the temperature. Results derived from the computational study
carried out using DFT method were in good agreement to the results of the experimental
studies. Nicotinic acid and its derivatives have also been employed for the inhibition of
different metals in numerous electrolytic media [76—81]. It is important to mention that
nicotine and its derivatives have widely presented in plant extracts particularly in the
extracts of tobacco and kola trees. Therefore, their extracts have also been evaluated as
effective corrosion inhibitors for metals and alloys [82—87]. Informations related to the
pyridine based alkaloids as corrosion inhibitors are given in Table 1.
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Table 1. Informations related to some pyrimidine based alkaloids as corrosion inhibitors.

Nature of

S. No. Chemical structure metal and Igature_of Salient features Ref.
medium adsorption
’ \ Lanamuir Nicotine acted as good corrosion inhibitor for
1 N / AISI 1018 adso? tion 1018 steel in acidic medium and it showed more [73]
_—N steel / 1 M HCI asorp than 90% inhibition efficiency at 10 ppm
isotherm )
concentration.
@]
/ I . .
I : Inhibition effect of the caffeine and nicotine was
~ N ) . "
N / N N > Iﬁ\\:vs-:::r(i)ﬁ ;e;r;?n;:g; measured in static as well as turbulent condition
=N )\ 7 asorp having rotation of 100, 500 and 1000 rpm.
2 0% >N N  steel / 3% NaCl isotherm, , on  L74]
. . Results showed caffeine showed more than 90%
| saturated with Mixed type fici h icotine showed h
o cO inhibitors efficiency whereas nicotine showed more than
nicotine Caffeine ? 80% inhibition efficiency.
_N Langmuir Inhibition efficiency of BN increases with
| Cold rolled adsorption concentration and decreases with temperature.
3 N o steel (CRS) / isotherm, BN acquires the highest efficiency of 96.6% at  [75]
1 M HCI Mixed type 500 ppm concentration. DFT study provides
O BN inhibitor good insight about inhibition mechanism.
N @) Langmuir
/ \ . adsorption Nicotinic acid showed the inhibition efficiencies
Mild steel /
4 L H.SO isotherm, of 94-99% at the concentration range of 10 *to  [76]
OH 294 Mixed type 10" molL .

nicotinic acid inhibitor
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N

measurement of inhibition efficiency.

Nature of Nature of
. No. Chemical structure metal and adsorption Salient features Ref.
medium P
N \ 0 Inhibition efficiency of the nicotinic acid

5 <:>—< Zn a;l(ljoir}—Al i@?%g increases with concentration ano_l achieved th_e [77]

— OH 0.1-0.5 M HCl isotherm maximum value of 96.7%. Experimental studies

nicotinic acid - were supported by DFT study.
CH; . . .

I{I Langmuir ABNH showed the highest protection efflglency

0 “CHj Mild steel / adsorption of 96% at 6.0 mM concentration. Adsorption of
6 N« 1 M HCI isotherm. mixed the ABNH was supported by SEM and Fe-SEM  [78]

| N H (H: type inﬁibitor methods. DFT study was performed in order to

N7 ABNH support the experimental results.
0
\ oH __ OF Inhibition effect of NANO and INANO was

/ \ -O_NQ_< Mild steel / Langmuir tested using numerous experimental techniques
7 \_/ O 2 M H,SO adsorption including weight loss, Tafel, impedance, SEM [79]

— (@) (INANO) 2o isotherm and AFM. Whereas the synthesis was confirmed

NANO by UV-Vis and FTIR, NMR methods.
o 08kp steel / Different compounds were synthesized and
8 N NH/Ar 3 M HCI B investigated as corrosion inhibitors. DFT at the [81]
| _ at 40-80°C B3LYP/6-31G(d) level was employed for the
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2.2. Indole based alkaloids as corrosion inhibitors

Indole is an aromatic heterocyclic compound in which five membered pyrrole rings is
fused with benzene ring. Indole is widely distributed in nature and is produced by the
several strain of bacteria. Indole and its derivatives represent several biological activities
such as anti-fungal, anti-bacterial, anti-viral, anti-cancerous, anti-HIV, anti-oxidant,
insecticidal, anti-tubular, plant growth regulator, plasmid stability, spore formation, biofilm
formation, resistance to drugs and precursor for neurotransmitter serotonin formation etc.
[88—90]. Because of the association of extensive m-electrons in the form of four double
bond and two non-bonding electrons of pyrrole’s nitrogen, indole and its derivatives are
supported to show strong interactions with the metallic surface [42, 91]. Examination of
the literature suggested that, inhibition effect of indole and its derivatives have been
reported in numerous reports [92—94]. Indole based alkaloids have also been tested as
corrosion inhibitors. Kamal and Sethuraman [95] isolated Caulerpin (a bis-indole alkaloid)
from Marine Alga Caulerpa racemosa and reported the inhibition effect of Caulerpin
(a bis-indole alkaloid) on mild steel corrosion in 1M HCI using weight loss,
electrochemical and surface (AFM) investigation methods. The isolated Caulerpin was
characterized using IR, UV-vis and NMR spectroscopic characterization. Electrochemical
results showed that investigate alkaloid acted as interface and mixed type of corrosion
inhibitor. Adsorption of the Caulerpin at the metal electrolyte interface obeyed the Temkin
adsorption isotherm model. AFM study was adopted in order to corroborate the
electrochemical and weight loss study. From AFM analysis it was observed that Caulerpin
forms surface protective film at the metal-electrolyte interfaces. Raja et al. [96] studied the
inhibition effect of alkaloids leaves and bark extracts of Ochrosia oppositifolia as well as
one pure indole containing alkaloid namely isoreserpiline (ISR), on mild steel corrosion in
1 M HCI. The inhibition effect of extracts and ISR was evaluated using SEM, EIS, PDP,
FT-IR and DFT methods. Results showed that investigated inhibitors acted as mixed type
corrosion inhibition and their adsorption obeyed the Langmuir adsorption isotherm model.
FT-IR and DFT studies suggested that inhibitors strongly interacted as adsorbed on the
metallic surface. Besides these reports, numerous plant extracts containing indole based
alkaloids have been effectively tested as corrosion inhibitors for metals and alloys in
various electrolytic environments [97-103].

2.2. Purine based alkaloids as corrosion inhibitors

Purine is well known water miscible nitrogenous heterocyclics compound in which
imidazole ring is fused with pyrimidine ring. Purine derivatives are known as purines and
they are mostly distributed in meat and meat products particularly in liver and kidney.
They are essential building blocks of the DNA and RNA. Purines possess numerous
biological applications such as antibiotic, antiviral, anticancer agents, antagonistic agents
and cardiac blood flow regulators etc. [104, 105]. Because of their association with the
numerous non-bonding electrons of the nitrogen atoms and =-electrons of the both
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heterocyclic rings, purines can effectively interact with the metallic surface and thereby
inhibit the corrosion. Several purine derivatives especially caffeine based alkaloids have
been investigated as effective metallic corrosion inhibitors [106—108]. The inhibition
effect of caffeine on copper corrosion in 0.1 M H,SO, was evaluated by Souza et al. using
numerous experimental methods [109]. Results showed that caffeine spontaneously adsorb
over the metallic surface obeying the Temkin adsorption isotherm model. PDP results
suggested that caffeine acted as cathodic type corrosion inhibitors. Contact angle study
suggested the formation of hydrophobic inhibitive film by caffeine. The inhibition effect of
the caffeine was tested at it 1—-10 mmol concentration. SEM, EDS and flurescence studies
suggested the adsorption of the caffeine over the metallic surface. The inhibition effect of
caffeine based compounds on copper [110-113], nickel [114], mild and carbon steel
[115-118] and aluminum [119] corrosion in other electrolyte systems have also been
reported in other studies. Besides the above reports, Mahmood reported the corrosion
inhibition effect of theobromine, a purine based alkaloid on the corrosion on mild steel in
acidic solution of HCI [119]. He observed that theobromine acted as efficient corrosion
inhibitor and its adsorption on the metallic surface obeyed the Langmuir adsorption
isotherm model. The inhibition effect of another purine based alkaloid namely
aminophylline of corrosion degradation of the mild steel in 1 M HCI was reported [120].

3. Conclusions and outlooks

On the basic of ongoing discussion and reports published in the literature it can be
concluded that alkaloids are an important class of naturally occurring nitrogenous based
heterocyclic compounds that play a significant role for several biological reactions.
Because of their natural and plant origin, alkaloids are considered to be green and
environmental benign alternative to substitute the toxic and expensive organic corrosion
inhibitors. Obviously, alkaloid molecules are associated with high conjugation in form of
non-bonding and w-electrons through which they can adsorb effectively and thereby inhibit
the corrosion. Most of the alkaloids are soluble in the polar electrolytic media and thereby
behave as good corrosion inhibitors. Several classes of alkaloids such as pyridine, purine
and indole derivatives have been used extensively. However, owing to their natural and
plant origin, environmental friendly behaviour, cost-effective nature and wide distribution,
the application of the alkaloids as corrosion inhibitors should be explored. Further,
literature study suggested that mostly pyridine, purine and indole derivatives are evaluated
as corrosion inhibitors whereas literature on other alkaloids is relatively scare. Therefore,
the application of other alkaloids on inhibition of metallic corrosion in different electrolytic
media should be explored further.
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