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ABSTRACT

2-Thiobenzylbenzothiazole (2TBBT) has been usedrassion inhibitor for copper corrosion in 2.0 Mtric acid.
The studies were conducted, using mass loss angh@um chemical method based on Density Functi@habry
(DFT). The corrosion rate was found to be conceidgraand temperature dependent. Information on gutsmn of
the molecule on the copper surface was assessedghrisotherms, including Langmuir, Freundlich aRldry
Huggins. The best fit was obtained with the modiifiangmuir adsorption isotherm. Thermodynamic apgon
functions and activation ones were determined andlygsed. They show a spontaneous adsorption and a
chemisorption process. Quantum chemical calculatianB3LYP level with 6-31G (d) basis set lead tdecular
descriptors such as Jgmo (energy of the highest occupied molecular orbjtd),vo (energy of the lowest
unoccupied molecular orbitalpE (energy gap) ang (dipole moment). The global reactivity descriptsueh asy
(electronegativity)y (hardness)S(softness) and (electrophilicity index) were derived using Kooprizatheorem
and analysed. The local reactivity parameters, udalg Fukui functionsf(#) and local softness(#) were
determined and discussed. Furthermore, the relatileetrophilicity (si /s;) and relative nucleophylicitys;, /
si)were also determined and analysed. Experimentalthedretical data are in good agreement.

Keywords:. nitric acid, copper corrosion inhibition, DFT oblal reactivity descriptors, Local reactivity paegters,
relative reactivity descriptors.

INTRODUCTION

Evaluation of corrosion inhibitors for metals inidic media [1, 2] is an important topic for bothademic and
industrial points of views. Protection of metalliarfaces [3] can be achieved by addition of speciéimpounds in
the concerned media. Nowadays, the developmenéwfaorrosion inhibitors [4, 5], which take the ewviment
into account, has received increasing attentiomsTmolecules containing more numbers of heterosa{6inare of
interest because of their strong chemical activibyy toxicity and environmental friendly charackiis as
corrosion inhibitors.

Thiazole derivatives such as 2-Mercaptobenzothéaz[dl], 5-phenylazo-2-Thioxo-Thiazolidin-4-one [8h-
benzylidene-2, 4-dioxotetrahydro-1, 3-Thiazole [Bhve been respectively used as corrosion inhgitdriron,
aluminium and copper in different acidic media.

The mechanism of their action can be different,etheling on the metal, the medium and the structirthe
inhibitor. However, many papers [10-12], state thrafanic heterocyclic compounds adsorb on the fietlrface,
separating the metal from its environment, preventihen its dissolution. Because organic inhibitacs by
adsorption on the metal surface, the efficiencyhelSe compounds [13] depends strongly on theiityld form
complexes with the metal. Both electrons and polar groups containing sulphur,geryand nitrogen are
fundamental characteristics of this type of molesulThe heteroatoms [14] serve as chelation cefareshemical
adsorption.
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The effects of molecular structure on chemical tiedg [15-18] have been studied extensively, usiongantum
chemistry methods: these studies relate inhibigifficiency to the molecular properties of the intdbs. Recently,
DFT methods [19, 20] have been used to analysecthheacteristics of the inhibitor/surface mechanema to
describe the structural nature of the inhibitothi@ corrosion process.

A perusal of the literature shows that there arg few studies on the inhibition of copper corrasio acidic media
by heterocyclic compounds when compared with iroralominium. Thus, in the present work, we invesiy
experimentally and theoretically, the inhibitiorfiegiEncy of 2- Thiobenzylbenzothiazole against cepporrosion in
2.0 M nitric acid solution, using mass loss techeiqand DFT studies.

MATERIALSAND METHODS

Copper specimens
The copper specimens were in the form of rod m@agd0 mm in length and 2.2 mm in diameter; theyeagut in
commercial copper of purity 95%.

The studied molecule
The structure of 2-Thiobenzylbenzothiazole (form@gH;;NS,) is given in Fig.1.

\>/S

S

Fig.1: Chemical structure of 2-Thiobenzylbenzothiazole

(2-TBBT) was synthesized in the Laboratory. Its @solar structure was identified B4 NMR spectroscopy and
mass spectroscopy.

RMN'H (DMS0d-6,5 ppm): 2,93 (3H, s, C8; 4,6 (2H, s, SCh); 7,1-7,5 (9H, m, K).SDM: m/e (%) = 65 (15,33);
91 (100%); 224 (27,79); 257 (59,47%).

Solutions

Analytical grade 65% nitric acid solution from Mkrevas used to prepare the corrosive aqueous solufibe
solution was prepared by dilution of the commernigic acid solution using double distilled wat&he blank was

a 2 M HNQ; solution. Solutions of (2-TBBT) with concentratgim the range of 0.01 mM to 0.5mM were prepared.

M ass loss method

The mass loss method [21, 22] is the most widelgdusiethod of inhibition assessment. The simpligibd

reliability of the measurement offered by mass loethod [23, 24] is such that the technique forhes lhaseline
method of measurement in many corrosion monitopirgggrams. The samples were polished successivéyfine

grade emery papers, cleaned with acetone, washbdlwible distilled water and dried in moisturesfaesiccator.
Tests were conducted under total immersion condtiof the polished copper specimen in 50 mL of 2iivic

acid solutions without and with different concetitas of (2-TBBT). Test solutions were maintained(308-

328K). All tests were made in aerated solutionswack run triplicate to guarantee the reliabilifytlee results. To
determine the mass loss at the end of the testsahwles were retrieved from the tests solutioter df hour
immersion time. The corrosion rate (W) was cal@dadccording to the equation below:

W= @

St

Wherem, andm, are respectively the mass (in g) before and afbenersion in the test solution, S is the total
surface of the sample (in &mandt is the immersion time (in h). The inhibition eféacy IE (%) was then
calculated using the following relation:

Wo—w

IE(%) = "2 x 100 )

In this equationw, andw are respectively the corrosion rates of coppeth@absence and the presence of the
tested compounds.
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Computational method
To calculate the ground-state energy and the palysioperties of (2-TBBT), the Gaussian 03 W paekghp]| was
used.The molecular structure was optimized to armim without symmetry restrictions using B3LYP eaolye
correlation functional, a combination of the Bedkeee parameter hybrid functional [26] with the redation
functional of Lee, Yang and Parr [27, 28]associate®-31 G (d) basis set [29]. Fig. 2 presentsdhémized
structure of (2-TBBT).

Density functional theory [30] has been proved ecshccessful in providing theoretical basis forralval concepts
such as electronegativity), hardness;), softnesgS) and local parameters as Fukui functigifi?) and local
softness (7).

Fig.2: Optimized structureof (2-TBBT) by B3LYP/6-31G (d)

For N-electrons system with total eneifgythe electronegativity [31] is given as follows:
0E

X=—pp=- (ﬁ)v - ®)

Whereu, andv(#) are the chemical and external potentials. The a®@rardnes$n)[32] which is defined as the
second derivative of E with respect to N is tharegiby the following relation:

_ (0%E
1= (5), @
Softness [33] is the inverse of hardness:
S== (5)

n

According to Koopmans's theorem [34], HOMO and LUMergies are related to ionization potenigl and
electron affinity(A) by the following relations:
I' = —Epomo (6)

A=—-Eymo (7)

The absolute electronegativify) and the chemical hardne@p[32] are then written as:

x==2 (8)

n="= ©)

When two systems, Cu and the inhibitor are brotgdpther, electrons will flow from lowey inhibitor to higher
(x) copper, until the chemical potentials become bdquzerefore the fraction of electrons transfer(ad)from the
inhibitor molecule to the metal [34] was calculatesing the relation below:

AN = Xcu—Xinh (10)

- 2(Mcutninn)
Where, -, andy;,, denote respectively the absolute electronegatofityopper and that of the inhibitor molecule

whereasn, andn,,, are respectively the absolute hardness of copperttze inhibitor. In our study, we use a
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theoretical value ofy., = 4.98eV/mol [35] andn, = 0[36] for the computation of the fraction of electso
transferred from the molecule to the metal.

The global electrophilicity, introduced by Parr [3§ given by the relation below:

)
w="1 (11)
The local (or site) reactivity (selectivity) of anécal species is represented by local reactiviscdptors. One such
descriptor is Fukui function index [38] and is aefil as below:

> _ (9p() _ (9up
A=), =68, (12)
WhereN and p(7) represent respectively, the number of electromsthe electron density at positiohof the
chemical species. After taking care of the discurties in f(¥) versusN plot, the “condensed-to —atom
approximations of (#), when multiplied by global softnegs) [39] provide local softness values given by:
sk () = [qe(N + 1) — g (N)IS = ;'S (13)

s (P = [qe(N) —qie(N = D]S = fii'S (14)

In these equationg,(N),q, (N + 1) andq, (N — 1) represent the condensed electronic populatioret@m ‘%" for
neutral, anionic and cationic systems, respectiv@tys; ands; represent the condensed local softness values of
atom ‘k” towards nucleophilic and electrophilic attacks.

To find out the most preferable site (or atom) ¢oattacked by a nucleophile (or electrophile), tveav reactivity
descriptors [40] are proposed. These descriptersiafined as follows:

- The relative electrophilicitys; /s; , the highest value of which represents the mosfeped atom in a
molecule to be attacked by a nucleophile;

- The relative nucleophilicity; /s; , the highest value of which represents the maafepred atom in a molecule
to be attacked by an electrophile.

The argument in favour of the above propositiotha the individual values; ands; are strongly influenced by
the basis set and correlation effects. But theosatif s and sy, involving two different electrons densities of
systems differing by one in their number of elecsrat constant nuclear framework are expected tedsesensitive
to the basis set and correlation effects. Sevéudies [41-44] established the superiority of theeely proposed
descriptors over those sf andsy, .

RESULTSAND DISCUSSION

M ass loss measur ements

The corrosion rate curves of copper without andhwite addition of (2-TBBT) in 2M HN@at different
temperatures are shown in Fig.2. These curves shat\corrosion rate of copper in the studied mediumereases
with increasing temperature. But this evolutiomisderated when the concentration of (2-TBBT) insesa

18
16 == Blank
v: 12 0.05mM
E 10 |—<0.1mM
(8]
g 8 [=#=0.5mM
S 6 /
4 |
2 -
0 1 1 1 1
305 310 315 320 325 330

T(K)

Fig.2: Evolution of corrosion rate with temperature for different concentrationsof (2 TBBT)
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The inhibition efficiency reaches a value of 77%tfee concentration of 0.5 mM (Fig. 3).
90
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0 1 1 1 1
305 310 315 320 325 330

T(K)

IE(%)

0.1mM

X 0.5mM

Fig.3: Inhibition efficiency versustemperaturefor different concentrationsof (2-TBBT)

The evolution of the inhibition efficiency for eadoncentration of (2-TBBT) shows a significant dexge in
corrosion rate upon the addition of the investigatelecule to the aggressive solution, revealirgefiectiveness
of the molecule as a corrosion inhibitor for copipe?2.0 M HNG..

A plausible explanation of these results is thatiticreasing inhibitor’'s concentration reducesdbpper exposed
surface to the corrosive environment through tleeiasing number of adsorbed molecules on its sunfatch
hinders the direct acid attack on the metal surfaibe increase of inhibition efficiency with incetag temperature
reflects an increase in adsorbed molecules whepdgature increases. This behaviour suggests a sbgstion
process.

Adsor ption isother ms

The adsorption isotherms study gives knowledge aliwel interaction of inhibitors on the metal sugadhe
adsorption isotherms tested in this work are théet®of Langmuir, Temkin and Flory Huggins. Byifig the rate
of surface coveragé) and the inhibitor concentration (Fig.4), the badsorption isotherm obtained graphically is
Langmuir adsorption isothernRt = 0.999).

1.2
@ T=308K
1 | mT1=313K
_ os - T=318K
s X T=323K
E 06 | «1-328k
D
S~
£ 04
(S)
0.2
0
0 0.1 0.2 0.3 0.4 0.5 0.6
Cinn(mM)

Fig.4: Langmuir adsor ption isotherm for (2TBBT) on copper surfacein 2M HNO3

The slopes of the straight lines are different framity, what suggests [45] interactions betweervdikd species on
copper surface as well as changes in the valueSildis energy with increasing surface coverage. iHsalts

indicate a slight deviation from ideal conditioradl the adsorption sites are equivalent) assumatén_angmuir

adsorption model. Therefore, a modified Langmuinagtpn [46] must be considered. This equation, Wwhakes

into account the deviation from the ideal condisiomay be used as follows:
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Cinn n

0 Kads

+ nCinh (15)

Table 1 gives the obtained Langmuir adsorption paters for different temperatures.

Tablel: Regression parameters of Langmuir isotherm.

T(K) | Correlation coefficient| Slope| Intercept
308 0.999 1.901§ 0.0235
313 0.999 15493 0.0072
318 0.999 1.5206  0.0062
323 0.999 1.365  0.0054
328 0.999 1.2907  0.0034

The values of adsorption equilibrium const&pt, were obtained from the intercepts of the stralgigs on the
Cinn/0-axis.K 4, is related [47] to the standard free adsorpticer@pAG?,;, according to the following equation:
AGY,. = —RTLn(55.5 K,45)(16)In the above expression 55.5 is the conceatratf water in the solution in molL

[48], R is the perfect gas constant a@hds the absolute temperature.The calculated valtiag?,, are
summarized in Table 2.

Table 2: Thermodynamic parametersfor the adsorption of (2-TBBT) on copper surface at different temperatures.

T(K) | Kuge (x 10°M™D) | AGY,. (kJmol™Y) | AHO, (KJmol™) | ASO,. (Jmol TK~1)
308 425 27.3

313 138.9 -30.8

318 161.3 317 67.3 310

323 169.5 323

328 294.1 343

The negative values dfG?,, [49,50] indicate a spontaneous adsorption of thébitor molecule on copper surface
while their magnitude suggests a strong interadtietween the molecule and metal surface. Genethlyenergy
values of -20kJ mdl or less negative [51] are associated with an misetic interaction between charged
molecules and charged metal surfaces (physisodptibase of -40 kJ mdlor more negative [51] involve charge
sharing or transfer from the inhibitor moleculegtte metal surface to form coordinate bond (cherpttan). In our
work the values oAGY, range from -34.3 to -27.3 kJ riplit can be concluded that the adsorption procesitfier
chemisorption or both physisorption and chemisorpti

The standard adsorption enthaliy2,;) and the standard adsorption entra@s’,.) are related by the following
equation:

AGQqs = AHggs — TAS R4 17)

So plotting AGY,;, versusT, gives these thermodynamic adsorption paramet®H,. and (—AS?;,) are
respectively the intercept and the slope of thaiakt straight line (Fig. 5).

DG, =-0.31T + 67.3
25 | R2=0.910

305 310 315 320 325 330

Fig.5: AGY,, versus T for the adsor ption of (2-TBBT) on copper in 2MHNO3
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To distinguish between physisorption and chemisonptexperimental data were fitted to Dubinin-Radesich
isotherm. This model [52, 53] has been recentlyuseexplain the mechanism of corrosion inhibitato a metal
surface in acidic solution. The model [54] is basadhe following equation:

In0 = InB,,4, — ad? (18)
Whered,, ., is the maximum surface coverage @nid the Polanyi potential which is given by:

§ = RTln (1 - ) (19)

inh

In this equationR is the universal gas constafitis the thermodynamic temperature ahg, is the concentration in
g L™t of the inhibitor. Fig. 6 gives the plot bfd versuss?. The parameters of the model are collected iretabl

0
-0.2
\
-04 NH\
-0.6
[«~] -0.8 _’T=30§.K\
_: .
1 | BT=313K
1y | AT=318K
T=323K
-1.4 ->< 323
T=328K
-1-6 T T T T T
0 50 100 150 200 250 300

6%(kJ?mol?)

Fig. 6: Dubinin-Radushkevich adsor ption model for the adsor ption of (2TBBT) on copper

Table 3: Parameter s of the Dubinin-Radushkhevich isotherm

T(K) R | a(k¥moP) | En(kd mol?)
308 0.997 0.0034 12.13
313 | 0.976 0.0016 17.68
318 0.943 0.0015 18.26
323 | 0.965 0.0009 23.57
328 0.979 0.0005 31.62

The values of the constaatare obtained from the slope of the straight lithis parameter is related ,, the
adsorption energy which is the transfer energy ofdl of adsorbate from infinity (bulk solution) tbe surface of
the adsorbent,, is defined as:

1
Em_\/%

(20)

The magnitude ofE,, gives information about the type of adsorptifp. values less than 8 kJ rioj54] indicate
physical adsorption. In our wotk, values range from 12.13 to 31.62 kJ falhowing a chemisorption process for
all the range of temperatures.

Effect of the temperature

Activation parameters are of great importance i $kudy of the inhibition mechanism of metals. Kieetics
functions for the dissolution of copper without anith various concentrations of (2TBBT) are obtairig5] by
applying the Arrhenius equation and the transisitate equation:

_Ea
2.303RT

logW =

+4 (21)

log (3) = log (i) + 33007 ~ 530e7 (22)
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In these equations, is the apparent effective activation enerByis the molar gas constant aAds the Arrhenius
pre-exponential factai;is the Planck’s constart,is the Avogadro numbeAS; is the change in activation entropy
andAH; is the change in activation enthalpy.

Fig.7 and Fig.8 display respectively the plotdagfW andlog(W /T) versus(1/T).

-1
-15
2k
-25
= @ Blank
B 3
° H0.01mM
-35
4 0.05mM
X 0.1mM
-4.5
X 0.5mM
-5 L 1 1 1 1
3 3.05 3.1 3.15 3.2 3.25 3.3

1000/T(K?)
Fig.7: Arrhenius plotsfor Copper corrosion in 2M HNOj3 solutionswithout and with (2TBBT)

All graphs show, both in absence and presenceT®BZ) excellent linearity as expected from equadigdl) and
(22), respectively. The intercepts of the linesFig.7 allow the calculation of the values of the-pxponential
factor (A) and the slope6-E,/2.303R) lead to the determination of the activation endiy) both in the absence
and presence of the inhibitor.

-4
s ‘\’\‘\‘
5 | -W
= @ Blank
S 55 |
Tao'o H0.01mM
= -6 | 40.05mm
6.5 | X0.1mM
X0.5mM
-7 I 1 1 1 1
3 3.05 3.1 3.15 3.2 3.25 3.3
1000/T(K1)

Fig.8: Transition state plotsfor copper corrosion in 2M HNO; with or without (2TBBT)

On the other hand, the obtained straight linesign8Fhave a slope qi~AH;;/2.303R) and an intercept dlog(R/
Xh) + AS;/2.303R]. Consequently the values aff; andAS; were calculated, respectively. All the results are
collected in table 4.

Table4: Activation parametersfor copper corrosion without and with (2TBBT) in 2M HNO3

E (kJmol™) | AH}(kJmol™* | AS; (Jmol*K™1)
Blank 55.1 52.5 -120.8
0.01mM 38.7 36.2 -177.8
0.05mM 37.8 34.8 -184.7
0.1ImM 29.6 28.1 -206.4
0.5mM 25.3 23.6 -220.8

As can be depicted from Table 4, the activatiorrgynén presence of (2TBBT) is lower than that ie thlank and
E, decreases with increasing value of the conceatrati (2TBBT).This trend in the evolution of thetigation
energyE, can be interpreted [56] as an indication for cleanadsorption. The positive sign of change in the
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activation enthalpy(AH;;) obtained in the blank and inhibited solutions eeft the endothermic nature of the
dissolution process. The shift towards more negaialues of change in activation entrd@s,;) with increasing
value of the concentration in (2TBBT) imply thaethctivated complex in the rate determining stgpegents an
association rather than a dissociation, meaning [&i# disordering decreases on going from reastdatthe
activated complex.

Quantum chemistry studies

Quantum chemical methods [37] have already prowebet very useful in determining the molecular dtites as
well as elucidating the electronic structure aractieity. The predicted properties of reasonableueacy [58, 59]
can be obtained from DFT calculations. All the mfuan chemical properties are collected in Table 5.

Table5: Chemical propertiesof (2TBBT).

Descriptor | Value| Descriptoy Value
Enomo (eV) | -5.915 x(eVv) 3.374
ELumo (eV) | -0.833| n(eV) 2.541
AE(eV) 5082 | seV)* 0.393
u (D) 0.9441 AN 0.316
1 (eV) 5.915 w 2.240
A(eV) 0.833 | Ey(ua) | -1391.256

According to the frontier molecular orbitals thearf chemical reactivity, electron transition [6G] due to the
interaction between the highest occupied molecoithital (HOMO) and the lowest unoccupied molecuddbital
(LUMO) of reacting species. The energy of the hgjleecupy molecular orbitalfgyo expresses the tendency of a
molecule to give electrons to an appropriate acreptstem with a low energy, empty molecular otbithe lowest
unoccupied molecular orbital energy,uko indicates the ability of the molecule to accegtcbons. In our work,
the higher value of lpvo (-5.915 eV) and the lower value ofmo (-0.833 eV) could explained the good inhibition
efficiency of (2TBBT).

The energy gapAE = E;ymo — Enomo) 1S @n important reactivity parameter. Lower vabfethis parameter [61]
leads to a good inhibition efficiency, becauseahergy to remove an electron from the last occupiédal is low.

It has been reported [62] that excellent corrogtribitors are organic compounds which not onlyeoflectrons to
unoccupied orbital of a metal but also accept &eetrons from the metal. A molecule with a low rggyegap [63]

is more polarizable and is generally associateti Wigh chemical reactivity and is considered asfarmolecule.
The value of AE (5.082 eV) is low compared with that of many males in the literature, suggesting good
inhibition efficiency.

The dipole momentu (in Debye) is another important electronic paramehat results from non-uniform
distribution of charges on atoms in the moleculanylauthors state that low values of dipole monj@} favour
accumulation of the inhibitor molecules in the aud layer and therefore higher inhibition efficignElowever,
many papers indicate that inhibition efficiency re@ses with increasing values of dipole moment.ti@nother
hand, survey of the literature [67, 68] reveals teveral irregularities appeared in case of catie of dipole
moment with inhibitor efficiency. So in general [6%here is no significant relationship betweenalgppmoment
values and inhibition efficiencies.

Absolute hardness and softness are important paeesnt® measure the molecular stability and redgtiof a
molecule. The chemical hardness fundamentally sgmts the resistance

towards the deformation or polarization of the &lmt cloud of atoms, ions or molecules under smpeatturbation
of chemical reaction. A hard molecule has a largrgy gap and a soft molecule has a small enengy7#j. In our
work the studied molecule has a low hardness vélug41 eV) and a high value of softness (0.393)eWhen
compared [71, 72] with molecules in the literature.

Generally, the value N shows inhibition efficiency resulting from eleatralonation. In our studyAN < 3.6:
the molecule [73] is donor of electrons and thepewsurface is the acceptor. (2TBBT) binds to thgper surface
and forms an adsorption layer against corrosion.

Electrophilicity is a property of atoms which sifigs the energy lowering process on soaking elastrfiom
donors. The electrophilicity indexv], measures the stabilization in energy when aesysicquires an additional
electronic charge from the environment. There isaaalogy between electrophilicity and electricalvpo [74]
which has the classical relatioR € V2/R). In this sens the electrophilicity index is a kioflpower. Physically,
electrophilicity means that it is simultaneouslycempasses both the properties of electrophile tise an
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additional electronic charge driven jpg and the resistance of the system to exchanger@hécicharge with the
environment described by. However, effectively it is conceived as representhe stabilization energy of the
system when it becomes satured by electrons cofromg the surroundings. A good, more reactive nyafdle is
characterized by lower value @f andw; conversely, a good electrophile is charactertzgd high value ofi, and
w.

Fig.9 shows the highest occupy molecular orbitaDFHD) and the lowest unoccupied molecular orbitdJ{MO) of
(2TBBT).

Fig.9: HOMO (left) and LUMO (right) of (2TBBT).

The analysis of Fig.9 shows that the density (HOM®) (LUMO) for this compound are distributed arduhe
benzothiazole cycles.

Mulliken population analysis [75-78] is used to Ipecadsorption centres of inhibitors. There is aeg@inconsensus
by several authors that the more negatively chaagedtheteroatom is, the more it can be adsorbed@nmietal
surface through donor-acceptor type reaction [09, IBhas also been reported that electrophilesxktmolecules at
sites of negative charges [81], which means thas %if ionic reactivity can be estimated from atwgtiarges in a
molecules. Thus from the values of Mulliken chargéselected atoms of (2TBBT), listed in Tablet7sipossible
to observe that the possible sites for adsorptimh reactivity of the studied molecule are C(1), )C@3(4), C(6),
N(11),C(15), C(19), C(20), C(21) et C(23).

Local softness values are computed using equati)sand (14) where the Fukui functions are idédifas:
fi = lax(N + 1) — g, (N)] (23)

fie =lax(N) —q (N —1)] (24)

Local reactivity descriptors including Fukui furamis, local softness indices and relative electiigityi and
nucleophilicity are collected in table 8.

Table 7: Mulliken atomic charges of some selected atoms of (2TBBT)

Atom | q,(N +1) qx(N) GV -1)

C(1) -0.094884| -0.137110 -0.113288
C(3) -0.231941| -0.141874 -0.090047
C(4) -0.150120| -0.14850f -0.136054
C(6) -0.231872| -0.176322 -0.165635
N(11) | -0.525675| -0.476235 -0.389840
C(15) | -0.466533| -0.497478 -0.531886
C(19) | -0.179833| -0.162582 -0.159940
C(20) | -0.161297| -0.16255y -0.141342
C(21) | -0.146928| -0.128628 -0.121294
C(23) | -0.138866| -0.128636 -0.117519
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Table8: Fukui fonctions, local softnessindices and relative electrophilicity and nucleophilicity indicesfor (2TBBT)

Atom fil fi S Skc Sic/Skc Sic/Si
C@1) 0.042627 | -0024223| 0.016752 | -0.009520| -1.759774 -0.568255
C(3) -0.090067| -0.013882 -0.035396 -0.005436 6.488D 0.154130
C(4) | -0.001613| -0.012453 -0.000634 -0.004894  0.129%27.720397
C(6) -0.055550| -0.010687 -0.021831 -0.004199 5.087p 0.192385
N(11) | -0.049440( -0.08635% -0.019430 -0.033938 (®202| 1.746663
C(15) | 0.030945| 0.034408 | 0.012961 | 0.013522 | 0.899355| 1.111908
C(19) | -0.017251| -0.002642 -0.006780 -0.001038.529523 | 0.153150
C(20) | 0.001260| -0.021215 0.000495 -0.008337 -0.8893-16.83730
C(21) | -0.018300 -0.00733#4 -0.007192 -0.002882 22285 0.400765
C(23) | -0.010230 -0.01111F -0.004020 -0.004369 (2920| 1.086706

The analysis of table 7 shows that according td-tilaui theory of reactivity, C (1) is the nucledjghattacks centre
when C (15) is the electrophilic attacks centre.vétheless, regarding the new descriptors, thetivela
electrophilicity index £ /s;) and the relative nucleophilicity index;{/s;), one could design C (4) and C (19)
respectively as the preferred electrophilic andewhilic attacks sites. To find the effective riddty centres, we
analysed the Mulliken atomic charges; one can Isaethe atomic charge of C (1) is more positiventtieat of C
(19), what indicates that C (1) should be conside®the preferred nucleophilic attacks site. Meeeoonly C(1)is
in the LUMO region (lack of electron cloud). Foetpreferred electrophilic attacks site, we obsethatl C (15) has
the more negative Mulliken atomic charge and isarinrthe HOMO region (dense electron cloud) tha@)Cso it
could be considered as the preferred electropditacks site.

CONCLUSION

The following conclusions can be drawn from thigdst

1.Inhibition efficiency is temperature and conceritmaidependent;

2.(2TBBT) adsorbs on copper surface according to fremtlLangmuir adsorption isotherm;

3.Adsorption thermodynamic functions indicate a sparbus process and chemisorption;

4. Activation energy and Dubinin Raduskhevich isotheonfirm the chemisorption process;

5.Global reactivity parameters explain the good iittdh efficiency of (2TBBT);

6. Local reactivity parameters and relative nuchaligity and electrophilicity indices allow determing the
probable electrophilic and nucleophilic attackesit
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