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ABSTRACT

The Density functional theory (DFT) study was perfed on three barbituratesamely, 5-(3-phenylallylidene)
pyrimidine-2,4,6-trione (PPT), 5-(2-hydroxybenzgle) pyrimidine-2,4,6-trione (HPT) and 5-benzliden
pyrimidine-2,4,6-trione (BPT) at the B3LYP/6-31(@]dbasis set level to investigate the relationdyepween their
molecular and electronic structure and inhibitioffi@ency. The quantum chemical properties such Bsomo
(highest occupied molecular orbital energy)ylo (lowest unoccupied molecular orbital energy), reyegap ¢E),
dipole moment 4), hardness #), softness (S), the absolute electronegativify the fractions of electrons
transferred 4N) and the electrophilicity indexoj were calculated. The local reactivity is analyzedough the
Fukui function and condensed softness indices oteroto compare the possible sites for nucleophalic
electrophilic attacks. The obtained correlationgdaheoretical conclusions agree well with the eipental data
reported.

Keywords:. barbiturates, corrosion inhibition, DFT, Fukunfttion, electrophilicity index.

INTRODUCTION

Mild steel is an alloy form of iron, which undergoeorrosion easily in acidic medium. Acidic solutoare
extensively used in chemical laboratories and wes# industrial processes such as acid picklimg] aleaning,
acid descaling and oil wet cleaning etc.[1]. Cawosof mild steel in acidic medium poses great ecvic
challenges to industries that utilize mild steeddarced equipments for the transportation and stoochgubstances
that have corrosive properties[2]. Several apprescre therefore employed to reduce the corrgsiooess of
mild steel and one of these approaches is the fismroosion inhibitor [3]. Among several methodsedsin
combating corrosion problems, the use of chemidaibitors remain the most cost effective and pcattmethod.
Therefore, the development of corrosion inhibitbesed on organic compounds containing nitrogemhsuland
oxygen atoms are of growing interest in the fielccorrosion and industrial chemistry as corrosi@asgs serious
problem to the service lifetime of alloys usedndustry[4].The inhibition mechanism is generallypkxned by the
formation of a physically and / or chemically adsent film on the metal surface [5]. Most efficienhibitors are
organic compounds containing electronegative foneti groups and-electrons in triple or conjugated double
bonds. Researchers conclude that the adsorptioth@metal surface depends mainly on the physicoia¢m
properties of the inhibitor, such as the functiograup, molecular electronic structure, electronsity at the donor
atom, Tt orbital character and the molecular size [6].Titghition efficiency has been closely related te ihhibitor
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adsorption abilities and the molecular properti@sdifferent kinds of organic compounds [Ahe power of the
inhibition depends on the molecular structure @ ithhibitor. Organic compounds, which can donate electrons to
unoccupied d orbital of metal surface to form camate covalent bonds and can also accept freeretecfrom the
metal surface by using their anti bonding orbitafarm feedback bonds, constitute excellent coomshhibitors

[8].

The geometry of an inhibitor also has an importafitence in determining its adsorbability at thetai-solution
interface. Molecules that are planar have a greatetency to adsorb at the metal surface than mi@ebat has
less planar geometry [9]. Quantum chemical calmiathave been widely used to study reactive méshmand
also an effective tool in the analysis and eludtsiabf many experimental observations. They hawenhgoved to
be a very powerful tool for studying corrosion ipikion mechanism [10,11].

Electrochemical investigation of barbiturates asegr corrosion inhibitors for mild steel protectioas studied by
Gulfeza Kardas, / Ramazan Solmaz [12]. Althougheexpental work of Quraishét al. [13] provide valuable
information on the corrosion inhibition efficien@f 5-(3-phenylallylidene) pyrimidine-2,4,6-trio®PT), 5-(2-
hydroxybenzylidene) pyrimidine-2,4,6-trione (HPThda 5-benzlidenepyrimidine-2,4,6-trione (BPT) a mlee
understanding of the inhibition property remainleac. The objective of the present paper is torektbe study of
Quraishiet al.[13] by analyzing the inhibition efficiency of PFHPT and BPT on theoretical chemical parameters
such as the energies of highest occupied moleaukital (Eqomo) and the lowest unoccupied molecular orbital
(ELumo), the energy gaptE) betweerE,ono andE yvo, dipole momenty), ionization potentiall§, electron affinity
(A), electro negativityy), global hardness;), softness (S), the global electrophilicity)( the fraction of electrons
transferred4N) and back donationg). The local reactivity has been analyzed by medtise Fukui indices, since
they indicate the reactive regions, in the fornthef nucleophilic and electrophilic behaviour of lr@atom in the
molecule using DFT calculations.

EXPERIMENTAL SECTION

2.1 Quantum Chemical Calculation

All the quantum chemical calculations have beeffiopered at the B3LYP level of theory using Gausgi@nseries

of programs [14]. The calculations were based &16-(d,p) basis set. This method has been widebyemented

to study the relationship between corrosion infohitefficiency of the molecules and their electmoproperties
[15]. In order to establish correlation betweeneskpental data and structural and electronic cheristics of the
investigated inhibitors, thegeometry of the molecules were optimized by taesity functional theory(DFT)[16]
with the Becke's three parameter exchange fundti@dang with the Lee— Yang—Parr nonlocal correlatio
functional (B3LYP) [17]. The chemical araptimized structuresf the compounds studied are given in Fig 1. and
Fig 2.

/ /

H
5-(3-phenylallylidene) pyrimidine-2.4,6-trione (PPT)
(] OH
HN =
(@) N O
H

5-(2-hydroxybenzylidene) pyrimidine-2,4,6-trione
(HPT)
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5-benzilidenepyrimidine-2.4,6-trione
(BPT)

Figure 1. Names, molecular structure and the abbreviation of the inhibitorsinvestigated

PPT

HPT
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BPT

Figure 2. Optimized structure of PPT, HPT and BPT calculated with the B3LY P/6-31G(d,p)

2.2. Theoretical background

Global quantities

Density functional theory (DFT) [16] has been fouadbe successful in providing theoretical insigimto the
chemical reactivity and selectivity, in terms pdpular qualitative chemical concepts like electgativity ),

hardnessi( ), softness(S), electrophilicity index( and local reactivity descriptors such as Fdloction, F(r) and
local softness, s(r).

The basic relationship of the density functionadty of chemical reactivity is precisely, the orgablished by
Parr et al.,[18], that links the chemical potential of DFT lithe first derivative of the energy with respexthe
number of electrons, and therefore with the negadivthe electronegativity.

=[] =- W
H2oN Jvn = X

Wherepn is the chemical potential, E is the total enemyyis the number of electrons, amt) is the external
potential of the system.

Hardness( ) has been defined within the DFT as the secondative of the E with respect to N a4r) property
which measures both the stability and reactivityhef molecule [19].

0°E
= 2
n [aszv(r) &)

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

According to Koopman’s theorem [20], ionization @atial () and electron affinityA) the electronegativityy,
global hardnessgj and softneséS) may be defined in terms of the energy of the HOM@ the LUMO.

lonization potential (I) is defined as the amouhewergy required to remove an electron from a owdie[21]. It is
related to the energy of theduo through the equation:

I = -Enomo ®3)
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Electron affinity (A) is defined as the energy eded when a proton is added to a system [21]réidded to Eyvo
through the equation:

A =-Bumo (4)
When the values dfandA are known, one can determine the electronegaghatyd theglobal hardnessj.

The electronegativity is the measure of the powfean atom or group of atoms to attract electranvgatds itself
[22], it can be estimated by using the equation:

I + A
2

®)

Chemical hardness; measures the resistance of an atom to a changsfarg23], it is estimated by using the
equation:

(6)

Chemical softness (S) is the measure of the capatian atom or group of atoms to receive electf@33, it is
estimated by using the equation:

g1 (7)
n

For a reaction of two systems with different elen&gativities the electronic flow will occur frorne molecule with
the lower electronegativity (the organic inhibittovards that of higher value (metallic surfacegtilithe chemical
potentials are equal [24]. Therefore the fractidrelectrons transferreddN) from the inhibitor molecule to the
metallic atom was calculated according to Pearsectrenegativity scale [25]

AN = /YFe _/Yinh 8)
[Z(OFe +,7inh}

Where yre andyinn denote the absolute electronegativity of iron amibitor molecule respectivelyze andninn
denote the absolute hardness of iron and the bohibiolecule respectively. In this study, we use theoretical
value ofyre=7.0 eV [26] andnre = 0 by assuming that for a metallic bulk | = A/[because they are softer than
the neutral metallic atoms.

The electrophilicity is a descriptor of reactivityat allows a quantitative classification of thelgdl electrophilic
nature of a molecule within a relative scale. Raral [28] have proposed electrophilicity index as a meastire o
energy lowering due to maximal electron flow betaweenor and acceptor. They defined electrophiliziex)

as follows.

2
w= ’u_ (9)

21

According to the definition, this index measures tiropensity of chemical species to accept elestréngood,
more reactive, nucleophile is characterized by lowalue of u, ®; and conversely a good electrophile is
characterized by a high value pf . This new reactivity index measures the stabilizain energy when the
system acquires an additional electronic chafgerom the environment.
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2.3. Local molecular reactivity

Fukui functions were computed since it providesaaenue for analyzing the local selectivity of arosion
inhibitor [29]. Their values are used to identifihish atoms in the inhibitors are more prone to wugdean
electrophilic or a nucleophilic attack. The chamgelectron density is the nucleophilic* (r) and electrophili¢ -
() Fukui functions, which can be calculated gdime finite difference approximation as follow$][3

fi’ = e On (10)
fi=0On- Ona (11)
where @, gv+1and G, are the electronic population of the atom k intreduanionic and cationic systems.

Condensed softness indices allowing the compa$oeactivity between similar atoms of differentlecules can
be calculated easily starting from the relatiomaetn the Fukui functiofi(r) and the local softnes§r) [31].

(900 (N} _
s(r)—( N jv(r)(aﬂl(,) f(r)S (12)

From this relation, one can infer that local safsvand Fukui function are closely related, and gteyuld play an
important role in the field of chemical reactivity.

According to the simple charge transfer model fonation and back-donation of charges proposed tigcey
Gomezet al, [32] 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 fromnttidecule, the energy change is directly relatethéohardness
of the molecule, as indicated in the following eegmion.

AE gack-donation = _% (13)

The AEgack-gonationimplies 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 theoiiyMO) of chemical reactivity, transition of eleatrés due to
interaction between highest occupied moleculartarHOMO) and lowest unoccupied molecular orb{talMO)

of reacting species [33]The energy of the highest occupied molecular drifaonc) measures the tendency
towards the donation of electron by a molecule.réfwee, higher values of gy indicate better tendency towards
the donation of electron, enhancing the adsorptibthe inhibitor on mild steel and therefore betit@nibition
efficiency. Eywo indicates the ability of the molecule to accegicabons. The binding ability of the inhibitor toeth
metal surface increases with increasing of the HOM@ decreasing of the LUMO energy values. Frontier
molecular orbital diagrams of PPT, HPT and BPTemresented in fig. 3.

Table 1. Quantum chemical parametersfor PPT, HPT and BPT calculated using B3L Y P/6-31G(d,p)

Parameters PPT HPT BPT|
Evomo(eV) -6.3777 | -6.4838| -6.9230
ELumo (eV) -2.7359 | -2.6317| -2.7754

Energy gapdE) (eV) 3.6418 | 3.8521 | 4.1476
Dipole moment (Debye) 4.9462 | 5.3651 | 3.5726

Enomo is @ quantum chemical parameter which is often@ated with the electron donating ability of theletule.
High value of Fomo is likely to a tendency of the molecule to donalectrons to appropriate acceptor molecule of
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low empty molecular orbital energy.no facilitate adsorption and therefore inhibition bfluencing the
transport process through the adsorbed layer[34¢. ifhibitor does not only donate electron to theacupied d
orbital of the metal ion but can also accept etecfrom the d-orbital of the metal leading to tbenfiation of a feed
back bond. Thegwo for the three compounds follows the order; PPTHHBPT which implies that PPT has the
highest tendency to donate electrons.

The gap between the guo and Eumo energy levels of the moleculés an important parameter as a function of
reactivity of the inhibitor molecule towards thesatption on the metallic surface. A& decreases the reactivity of
the molecule increases leading to increase in thHe ébthe moleculeLower values of the energy difference will
render good inhibition efficiency, because the gpdp remove an electron from the last occupiedtalriwill be
low [35]. Hard molecules have high HOMO-LUMO ga]&nd thus soft bases inhibitors are the mostt¥fe for
metals [37]. The results as indicated in tabledwsthat inhibitor PPT has the lowest energy gaig, tleans that the
molecule could have better performance as corrdsiubitor.

It is shown from the calculation that there wasobwious correlation between the values of dipolemaot with the
trend of inhibition efficiency obtained experiméhtaln the literature also there is a lack of agreent on the
correlation between the dipole moment and inhibigdficiency[38,39]

lonization energy is a fundamental descriptor @ themical reactivity of atoms and molecules. Highization
energy indicates high stability and chemical inessnand small ionization energy indicates hightiafcof the
atoms and molecules [40]. The low ionization en& @777 (eV) of PPT indicates the high inhibitidfiogency.

Hardness and softness are the basic chemical dsnaghled global reactivity descriptors has bdweeptetically
justified within the framework of density functidntheory (DFT) [16].These are the important projsrtto

measure the molecular stability and reactivityis lapparent that the chemical hardness fundamerstghhifies the
resistance towards the deformation or polarizatibthe electron cloud of the atoms, ions or molesuinder small
perturbation of chemical reaction. A hard moledudes a large energy gap and a soft molecule hasak snergy
gap [41]. In our present study PPT with low hardneslue 1.8209(eV) compared with other compound: tealow

energy gap. Normally, the inhibitor with the leastiue of global hardness (hence the highest vafuglobal

softness) is expected to have the highest inhibigifficiency [42]. For the simplest transfer of@ten, adsorption
could occur at the part of the molecule where &s#(S), which is a local property, has a highelstevpt3]. PPT
with the softness value of 0.54918 has the higinddbition efficiency.

The table 2 shows the order of electronegativityB&T>HPT>PPT. Hence an increase in the difference o
electronegativity between the metal and the inbibis observed in the order PPT>HPT>BPT. Accordiag
Sanderson’s electronegativity equalization prireipd4], with a high electronegativity and low fdifence of
electronegativity quickly reaches equalization drahce low reactivity is expected which in turn oates low
inhibition efficiency.

Global electrophilicity indexd) is the measure of the electrophilic tendency wfadecule. In our case, the inhibitor
PPT with high electrophilicity index value than ther compound, has the highest inhibition efficig

Table 2. Quantum chemical parameter sfor PPT,HPT and BPT calculated using B3LYP/6- 31G(d,p)

Parameters PPT HPT BPT
IE(eV) 6.3777 | 6.4838 | 6.9230
EA(eV) 27359 | 2.6317 | 2.7754
n (eV) 1.8209 | 1.92605 | 2.0738
S (eV) 0.54918| 0.51919 | 0.48220
1 (eV) 45568 | 4.55775 | 4.8492
® 5.70169| 5.39267 | 5.66948
U -4.5568 | -4.55775| -4.8492

The number of electrons transferretlNj and back-donationdE) was also calculated and tabulated in Table 3.
Values ofAN show that the inhibition efficiency resulting frostectron donation agrees with Lukovits’s study [45]
If AN < 3.6, the inhibition efficiency increases by iresing electron-donating ability of these inhibittwsdonate
electrons to the metal surface and it increasdldrfollowing order; PPT>HPT>BPT. The results iradethatAN
values correlates strongly with experimental intidoi efficiencies. Thus, the highest fraction ofattons
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transferred is associated with the best inhibiRRT), while the least fraction is associated wigninhibitor that has
the least inhibition efficiency (BPT).

HOMO of PPT

LUMO of PPT

Table 3. The number of electron transferred (AN) and 4E back donation (eV) calculated for inhibitor PPT, HPT and BPT

Parameters PPT HPT BPT
Transferred electrons fractionll) | 0.67088 | 0.63400 | 0.51856
Back-donatior AE / (eV] -0.4552; | -0.4815: | -0.5184!
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HOMO of HPT

LUMO of HPT

There is a general consensus by several authdrththanore negatively charged a heteroatom, isrbee it can be
adsorbed on the metal surface through the don@gtorctype reaction [46]. It is important to catesithe situation
corresponding to a molecule that is going to rexzeicertain amount of charge at some centre againg to back
donate a certain amount of charge through the s@mige or another one [32]. Parr and Yang proptisaidlarger
value of Fukui function indicate more reactivity’J4Hence greater the value of condensed Fukuitiomcthe more
reactive is the particular atomic centre in theenale.

1035



P. Udhayakala et al J. Chem. Pharm. Res., 2014, 6(4):1027-1039

HOMO of BPT

LUMO of BPT

Figure 3. Frontier molecular orbital diagramsof PPT, HPT and BPT by B3LY P/6-31G(d,p)

3.1 Local Selectivity

Fukui functions compute local reactivity indicesatthmakes possible to rationalize the reactivityirafividual
molecular orbital contributions. The condensed Ffilmction and local softness indices allow ondidguish each
part of the molecule on the basis of its distif@rical behaviour due to the different substitdtetttional group.

Thef," measures the changes of density when the molegales electrons and it corresponds to reactivitiyn wi
respect to nucleophilic attack. On the other h&gd:orresponds to reactivity with respect to electiliplattack or
when the molecule loss electrons. The calculatddiiFunctions for the molecules PPT,HPT and BPTspreged in
Tables 4,5 and 6.

According to fukui indices, O7 is the most reaetsite for nucleophilic attack and H28 is the sitelectrophilic
attack in the compoun@PT. In the compound HPT, C12 is the site of emphilic attack and O24 ke site of
electrophilic attackIn the other compound BPT, O8 is the site ofcleophilic attack and C15 ithe site of
electrophilic attack
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Table4. Fukui and local softnessindicesfor nucleophilic and electrophilic attacksin PPT atoms calculated from M ulliken atomic
charges; Maximain bold

Atom No [ o % ~
1c 0.031642 0.02253 0.017377 0.012373
2¢C 0.056911 0.037443 0.031254 0.020563
3cC 0.00409 0.03981 0.002246 0.021863
4cC 0.06576 0.039158 0.036114 0.021505
5H 0.03659 0.030829 0.020094 0.01693.
6 H 0.038577 0.032428 0.021186 0.017808
70 0.078517 0.060231 0.043119 0.033077
8 C 0.07€721 0.06346! 0.04213: 0.03485
90 0.057697 0.025978 0.031686 0.014266
10 N -0.004568 0.000227 -0.002508 0.000125
11 N -0.00478! 0.00338: -0.002631 0.00185
12 ¢C 0.04518 -0.001139 0.024812 -0.000626
13 H 0.060474 0.046209 0.033211 0.025377
14 C -0.00623! 0.04753 -0.00342! 0.026107
15 H 0.055208 0.058611 0.030319 0.032188
16 C 0.073161 0.020665 0.040178 0.011348
17 + 0.04359; 0.04354 0.023941 0.023915
18 C -0.01912 0.001545 -0.010500 0.000848
19 C 0.019578 0.040221 0.010752 0.022088
20 C 0.025234 0.036789 0.013858 0.020204
21 C 0.002153 0.0109 0.001182 0.005986
22 H 0.038001 0.051898 0.020869 0.028501
23 C 0.000784 0.009833 0.000430 0.005400
24 H 0.034023 0.047447 0.018685 0.026057
25 C 0.030224 0.037784 0.016598 0.020750
26 H 0.051572 0.061838 0.028322 0.03396!
27 H 0.051261 0.061455 0.028151 0.033749
28 H 0.057765 0.069375 0.031723 0.038099

Table5. Fukui and local softnessindices for nucleophilic and electrophilic attacksin HPT atoms calculated from Mulliken atomic
charges; Maxima in bold

Atom No it fio” s S
1c 0.011958
2C 0.036166 0.023033 0.018777 0.020407
3 C 0.06174 0.03930 0.03205! 0.02173:
4 C -0.009021 0.041856 -0.004684 0.020194
5H 0.075708 0.038895 0.039307 0.016825
6 H 0.04009 0.03240 0.02088 0.01705
70 0.040942 0.032854 0.021256 0.026747
80 0.080813 0.051517 0.041957 0.033821
90 0.08365. 0.06514 0.04343; 0.017410
10N 0.075967 0.033610 0.039441 0.000010
11 N -0.005734 0.000021 -0.002977 0.000749
12 ¢ -0.006822 0.001444 -0.003542 0.003603
13 H 0.090215 0.006939 0.046838 0.015529
14 € 0.058077 0.029910 0.030153 0.012739
5 ¢ -0.033398 0.024537 -0.017339 0.012625
16 C 0.039738 0.024316 0.020632 0.028291
17 c 0.041528 0.054490 0.021561 0.017634
18 H -0.001208 0.033965 -0.000627 0.025006
19 ¢C 0.035275 0.048163 0.018314 0.015139
20 C 0.012564 0.029159 0.006523 0.013271
21 F 0.038086 0.025562 0.019774 0.039708
22 H 0.060104 0.076481 0.031205 0.037980
23 H 0.063477 0.073153 0.032956 0.039720
24 C 0.06997: 0.07650. 0.03632! 0.046392
25 H 0.019382 0.089354 0.010063 0.024602

0.03267 0.04738! 0.01696!
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Table6. Fukui and local softnessindicesfor nucleophilic and electrophilic attacksin BPT atoms calculated from M ulliken atomic
charges; Maximain bold

Atom No fi " f s S
1C 0.03713 0.03020 0.017904 0.014564
2C 0.06485 0.03869 0.031270 0.018657
3C -0.01079 0.03856 -0.005204 0.018596
4 C 0.07756 0.05803 0.037399 0.027983
5H 0.04102 0.03688 0.019781 0.017787
6 H 0.04203 0.03625 0.020267 0.017478
7 0O 0.08414 0.06802 0.040575 0.032801
8 C 0.08580 0.0757 0.041375 0.03653
90 0.07854 0.06218 0.037871 0.029985
10 N -0.00571 -0.00246 -0.002755 -0.001188
11 N -0.0066¢ -0.0019: -0.00322 -0.00093¢t
12 C 0.08488 0.01652 0.040931 0.007966
13 H 0.06282 0.05643 0.030290 0.027212
14 C -0.0234( -0.0062¢ -0.01128i -0.00303!
15 C 0.03792 0.08331 0.018285 0.040173
16 C 0.02028 0.03858 0.009782 0.018605
17 C 0.00192 0.02049 0.000927 0.009882
18 H 0.03447 0.01853 0.016625 0.008934
19 C 0.00304 0.03280 0.001465 0.015817
20 C 0.03855 0.02848 0.018588 0.013736
21 H 0.06086 0.06659 0.029347 0.032112
22 H 0.06445 0.07511 0.031077 0.036218
23 H 0.07048 0.07343 0.033987 0.035409
24 H 0.05582 0.05579 0.026918 0.026902

CONCLUSION

The inhibition potentials of three barbituratemmely, 5-(3-phenylallylidene) pyrimidine-2,4,6etne (PPT), 5-(2-
hydroxybenzylidene) pyrimidine-2,4,6-trione (HPThda 5-benzlidenepyrimidine-2,4,6-trione (BPT) haserbe
elucidated using quantum chemical calculations dasedensity functional theory (DFT). The inhibitiefficiency
increase with the increase indmo, and decrease in energy gagj. PPT has the highest inhibition efficiency
because it had the highest HOMO energy Ahdvalues and lowest energy gap it was most capatbtdfering
electrons and it could have a better performancecasosion inhibitor. The parameters like hard(igss
Softness(S), electron affinity(EA) ionization pati@l(IE), electronegativity) and the fraction of electron
transferred AN) confirms the inhibition efficiency in the ordef PPT>HPT>BPT. Fukui function shows the
nucleophilic and electrophilic attacking sites fre tinhibitors Comparison of theoretical and experimental data
exhibit good correlation confirming the reliability the method employed here.
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