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ABSTRACT

Density functional theory (DFT), using the B3LYRdtional was used to study the inhibition perforcamof two
benzothiazole derivatives namely 1,3-benzothia2adetine (BTA) and  6-methyl-1,3-benzothiazole-2rami
(MBTA) which were recently used as corrosion irtbitsi for Mild Steel Corrosion in 1 N HCI. The ouiam
chemical properties such aspduo(highest occupied molecular orbital energy),ufio (lowest unoccupied
molecular orbital energy), energy gap/H), dipole moment., hardness #), softness 4), the absolute
electronegativity ¥), the fractions of electrons transferrediN) and the electrophilicity index»j were calculated.
The local reactivity has been analyzed throughRubkui function and local softness indices in orttecompare the
possible sites for nucleophilic and electrophilitazks. The theoretical results are in well accorda with the
experimental outcomes.
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INTRODUCTION

Corrosion is the deterioration of materials by clehinteraction with their environment. In view thfe problems
created by mild steel corrosion, several researethaas on inhibition of its corrosion have beeroregd and it has
been established that the use of inhibitors isajribe best methods for the prevention of the @om of mild steel
in acidic medium [1].Over the years, considerafflerts have been deployed to find suitable cormosithibitors of
organic origin in various corrosive media [2]. Ongacompounds, which can donate electrons to urmedud
orbital of the metal surface to form coordinate alemt bonds, and can also accept free electroms fine metal
surface by using their anti-bonding orbital to fofeedback bonds, constitute excellent corrosiofbitdrs [3]. A
number of heterocyclic compounds containing nitmgexygen, and sulfur either in the aromatic orglarhain
carbon system have been reported to be effecthibitors [4,5].

Quantum chemical methods are often utilized toigate the physicochemical properties of compourfdaterest
in order to understand their interaction mechanigith the metal surface and to elucidate the cenimethe
compounds on which such interactions are likelyp¢our[6]. Density functional theory (DFT)[7] hasopided a
very useful framework for developing new criterda fationalizing, predicting, and eventually undansling many
aspects of chemical processes [8].
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Benzothiazole derivatives have been studied extelysior their diverse chemical reactivity and pudtel broad
spectrum of biological activity. They are heterdimyacompounds, widely found in bioorganic and méttt
chemistry with application in drug discovery. Betfiazole moieties are part of compounds showing eroos
biological activities such as antimicrobial [9,18hticancer [11,12], anti-diabetic [13]activitieshély are also
antihypertension [14], anti-inflammatory [15], axidant [16] and anti HIV[17]. Ru Suet al., have studied the
Raman spectroscopic and density functional thetugiss on a benzothiazole-2-thione derivative [1Blolecular
modeling and spectroscopic studies of benzothifiZ®@léehave been carried out by Sathyanarayanmoetthi., A
QSAR study and molecular design of benzothiazotvaiives as potent anticancer agents have beeiedarut by
Chen Jincaret al.,.[20]. Quantum chemical calculations on some sulbstitbenzothiozole derivatives as corrosion
inhibitors for brass in acidic media have been stigated by Mohameet al.[21].

The aim of the present work is to extend the expental observation of Patet al.[22], to present a theoretical
study of the electronic and structural parametefsl@-benzothiazole-2-amine (BTA) and 6-methyl-1,3
benzothiazole-2-amine (MBTA), and the effect ofsigparameters on their inhibition efficiency of rosion of
mild steel, using the quantum chemically calculgitacthmeters. Parameters such as the energieshefshigccupied
molecular orbital Eome) and the lowest unoccupied molecular orbiBl(i0), the energy gapdE), dipole moment
(), electronegativityy), global hardnessy), softnessg), the global electrophilicity«f), the fraction of electrons
transferred AN) and AE gackgonationh@ve been calculated and compared with the expetahresults. The Fukui
functions and local softnesg(values were utilized to elucidate the reactivessin the studied molecule. The
molecular and optimized structure of the inhibitBfsA and MBTA are shown in figure.1

MATERIALSAND METHODS

2.1Quantum Chemical Calculation

The present quantum chemical calculations have pedormed with Gaussian-03 series of program pgekas3].

In our calculation we have us@&kcke’s three parameter exchange functional [2dihgiwith the Lee— Yang—Parr
nonlocal correlation functional (B3LYP) [25] usi®g311++G(d,p) basis set. Quantum chemical methtsdshave
been proved to be a very powerful tool for studyimigibition of corrosion of the metals [26]. Fragtimolecular
orbital distribution was obtained and various malac properties such as energy of highest occupieteécular
orbital Enomo) and the lowest unoccupied molecular orbitly(,0), energy ga@AE, total electronic energy of the
molecule and global reactivity parameters suchhasécal hardness|), chemical potential(i) and electrophilicity
index() were also obtained to analyze the reactivityhefinhibitor molecules.

The basic relationship of the density functionadty of chemical reactivity is precisely, the orstablished by
Parr et al.,[27] to the number of electrons, and therefordhie negative of the electronegativity

_( 0E __ 1
H = IN v X (1)

Whereyp is the electronic chemical potential, E is thealt@nergy, N is the number of electrons, afd is the
external potential of the system.

s H4C s
>—NH2 \©i Vs
/ g

N

6-methyl-1,3-benzothiazole-2-amine
1,3-benzothiazole-2-amine (BTA) (MBTA)

Figure 1. Names, molecular structure and the abbreviation of the inhibitor sinvestigated
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Figure 2. Optimized structure of BTA and MBTA calculated with the B3LY P/6-311++G(d,p)

The global chemical hardnesg)(has been defined within the DFT as the secondatee of the E with respect to
N as V() property which measures both the stability andtieicof the molecule [28].

- 9°E @
oN? ),

where V(r) andp are, respectively, the external and electronienibal potentials.

Molecular properties related to the reactivity aadectivity of the inhibitors like ionization potga (1), electron
affinity (A), the electronegativity{, global hardnessg] and softnes$o), were estimated according to Koopman’s
theorem [29] which relates to the energy of the HO&hd the LUMO.
lonization potential () is related to the enerdyhe Biomo through the equation:

| = -Eromo (3)
Electron affinity (A) is related to,gyo through the equation:

A =-Elumo 4)
When the values dfandA are known, one can determine the electronegajiétyd theglobal hardnessyj.

The absolute electronegativity)(and absolute chemical hardnegsaf the inhibitor molecule are given [ 28 ]

I + A

()

(6)

Electron polarizability, also called as chemicdtrsess @) is the measure of the capacity of an atom orgifu
atoms to receive electrons [30], it is estimatedibing the equation:

94
www.scholarsresearchlibrary.com



P. Udhayakalaand T. V. Rajendiran Der Pharma Chemica, 2015, 7 (1):92-99

1
n

o = )

When two systems, Fe and inhibitor are broughtttege electrons will flow from lowery] inhibitor to higher X)
Fe, until the chemical potentials become equal.rafbee the fraction of electrons transferretN) from the
inhibitor molecule to the metallic atom was caltethaccording to Pearson electronegativity scéalg [3

AN = /YFe _/Yinh
[Z(UFe +/7inh} Y

Wherey: andy;.n, denote the absolute electronegativity of iron amiuikitor molecule respectiveljre andnin
denote the absolute hardness of iron and the bohibiolecule respectively. In this study, we use theoretical
value ofy=7.0 eV/mol andng. = 0 eV/mol for the computation of number of trfemeed electrons [ 31].

The absolute electrophilicity inde) [32] which is calculated by the equation

w=H_ 9)

217

According to the definition, this index measures pinopensity of chemical species to accept elestrarigh value
of electrophilicity index describes a good elechitgwhile a small value of electrophilicity indebescribes a good
nucleophile. This new reactivity index measuresdtabilization in energy when the system acquireadditional
electronic chargaN from the environment.

The local selectivity of a corrosion inhibitor iedi analyzed using the Fukui function [33 ]. Theilues are used to
identify which atoms in the inhibitors are more peoto undergo an electrophilic or a nucleophilimek. The
change in electron density is the nucleophflic(r) and electrophili¢ (r) Fukui functions, which can be calculated
using the finite difference approximation as folkj@4]

fi" = Onea- On (10)
fi=0On- vt (11)
where ¢ gu+1and gy, are the electronic population of the atom k intreduanionic and cationic systems.

The local softness” ando ~ for an atom can be expressed as the product afthgensed Fukui function (f) and the
global softnessq), as follows [ 35]

o= o (12)
o=fo (13)

The local softhess contains additional informatiout the total molecular softness, which is relate the
biological reactivity.

According to the simple charge transfer model fonation and back-donation of charges proposed tigcey
Gomezet al, [36] an electronic back-donation process mightolscurring governing the interaction between the
inhibitor molecule and the metal surface. The cphastablishes that if both processes occur, nameyge
transfer to the molecule and back-donation fromnttedecule, the energy change is directly relatethéohardness
of the molecule, as indicated in the following eegmion.
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AE gack-donation = _% (14)

The AEgack-donationimplies that wheny > 0 and4Eg,ck-gonation< O the charge transfer to a molecule, followedaby
back-donation from the molecule, is energeticalyofed. In this context, hence, it is possible empare the
stabilization among inhibiting molecules, sinceréhwill be an interaction with the same metal, titee expected
that it will decrease as the hardness increases.

RESULTSAND DISCUSSION

According to the frontier molecular orbital (FMQ)eory, of chemical reactivity, transition of dl@mn is due to
interaction between highest occupied moleculartarHOMO) and lowest unoccupied molecular orb{talMO)

of reacting species [37]he energy of HOMO is often associated with thetete donating ability of a molecule
Therefore, higher values of,gyo indicate better tendency towards the donation letten, enhancing the
adsorption of the inhibitor on mild steel and tHere better inhibition efficiency. When we compdhe studied
compounds BTA and MBTA the calculations show tha tompound MBTA has the highest HOMO energy -
5.8057, implies the highest tendency to donatetreles. The various quantum chemical parametersaltected
and reported in Table 1.

Table 1. The calculated quantum chemical parametersfor theinvestigated inhibitor s obtained with B3L Y P/6-311++G(d,p) method

Parameters MBTA BTA|
Total energy (au) -817.510 -778.183
Eromo (V) -5.8057 -5.9681
ELumo (V) -0.5140 -0.5619
Energy gaplE) 5.2917 5.4062
lonization potential(l) 5.8057 5.9681
Electron affinity(A) 0.5140 0.5619
Hardnessf) 2.64585 2.7031
Electronegativityg) 3.15985 3.265
Softness ¢) 0.37795 0.36994
Electrophilicity index() 1.88685 1.97185
Fraction of electron transferredN) 0.72569 0.69087
ABoacidonsio (€V) -0.66146 -0.67577

The energy gap\E, is animportant parameter as a function of reactivitytlod inhibitor molecule towards the
adsorption on the metallic surface. AE decreases the reactivity of the molecule increésading to increase of
the inhibitor efficiencies [38]. When we examine thbtained values of energy gap, the results aidasimow that
the compound MBTA has a smdE this means that the molecule could have betteropegnce as corrosion
inhibitor. It is shown from the calculation thatete was no obvious correlation between the valdedipmle
moment with the trend of inhibition efficiency obtad experimentally. In the literature also theseailack of
agreement on the correlation between the dipole emband inhibition efficiency [39,40]

Global hardness and global softness are the bhsimical concepts, called global reactivity desorigptwhich has
been theoretically justified within the framework DFT. A hard molecule has a large energy gap arsbfa
molecule has a small energy gap [41]. Soft molecate more reactive than the hard molecules be¢hageould
easily offer electrons to an acceptor. In accordamith the HSAB principle, normally the moleculethvieast value
of global hardness is expected to have the higinédition efficiency [42]. It is clear from the kalation that
MBTA has the lowest hardness value and higheshesétvalue is expected to be the best inhibitor.

The number of electrons transferred\j from the inhibitor to the iron was also calcuthend tabulated in table.1.
The values ofAN show that the inhibition efficiency resulting fromectron donation agrees with Lukovits’s study
[43]. If AN < 3.6, the inhibition efficiency increases by iresing electron-donating ability of these inhibittos
donate electrons to the metal surface and it isee# the following order; MBTA>BTA. The resultdicate that
the AN value of MBTA is greater which strongly correlateish the experimental inhibition efficiencies.
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HOMO of BTA LUMO of BTA

HOMO of MBTA LUMO of MBTA

Figure 3.HOMO and LUM O diagramsof BTA and MBTA using B3LYP/6-311++G(d,p)

3.1 Local Selectivity

Fukui functions compute local reactivity indicesattmakes possible to rationalize the reactivityirafividual
molecular orbital contributions. The condensed Fdimction and local softness indices allow ondidguish each
part of the molecule on the basis of its distifetmical behaviour due to the different substitiftetttional group.
The preferred site for nucleophilic attack is thenain the molecule where the valuefgf is maximum and it is
associated with the LUMO energy while the site d@ctrophilic attack is controlled by the valuesf gfwhich is
associated with the HOMO energy. Fukui functionidigl in table 2, implies that the atoms S13 and 8te
preferred site for electrophilic attack, as thatesshave higher value of Fukui functiég in the inhibitor BTA and
MBTA. The atoms C7 in both the inhibitor are megsceptible sites for nucleophilic attack sinasthsites have
the highest values of Fukui functiég .

The local softness contains the information simitathose condensed Fukui function plus additionfdrmation
about the total molecular softness. A high valieFoindicates high nucleophilicity and the high vakfe o -
indicates high electrophilicity.
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Table. 2 The selected Fukui and softnessindices valuesfor theinhibitorsBTA and MBTA calculated with B3LY P/6-311++G(d,p)

Inhibitor | Atom i fi g g

C(7) | 018454 | 0.05238 | 0.10666 | 0.03027
S(13) | 0.17582 | 0.18240 | 0.10162|  0.10542
BTA C(3) | 0.079767| 0.06347 | 0.04610|  0.03668

C(7) | 0.18093 | 0.05373 | 0.10457 0.03105
MBTA S(12) | 0.162864| 0.170318 | 0.09414 0.09843
C(5) | 0.01467. | 0.01979' | 0.0084' 0.0114-

CONCLUSION

The inhibition efficiency of BTA and MBTA has beénvestigated by utilizing quantum chemical appreach
utilizing DFT method. The inhibition efficiency &TA and MBTA obtained theoretically increased wiitlcrease
in HOMO and decrease in energy gap. MBTA has tighdst inhibition efficiency than BTA because it hhe
highest HOMO and lowest energy gap. Parametershidkdnessy), electronegativityy), softness §), chemical
potential (i), the fractions of electrons transgdriAN) and the electrophilicity indexw] confirms the order of
inhibition efficiencies : MBTA > BTA. The condensdeukui functions agree on the possible electroh d@ad
electron poor centres in the studied inhibitorse phesence of methyl group in MBTA, which is ancelen donor,
makes the benzene ring moiety possible to rea¢h thie metal d-orbital resulting in stronger adsorpin mild
steel than BTA. The theoretically obtained inhibitomder gives good correlation with experimentalgtermined
inhibition efficiency.
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