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Abstract : Quantum chemical methodsare becom-
ing ever moreprevaent for assessing surfaceinterac-
tionssemicarbazid (SC) and 4-phenylsemicarbazide (4-
PSC). Thequantum chemicd cd culaionshavebeen per-
formed by using DFT, ab-initio molecular orbital and
semi-empirical methodsfor SC and 4-PSC being cor-
rosioninhibitorsanditscomparisonwiththat available
experimental data. Interaction energiesof these com-
poundson thesurface or iron arecalculated in hydro-
chloric acid medium by using quantum chemica cacu-
lationsa DFT levd. All cal culaionshavebeen paformed
using the Gauss an 03W suiteof programs. It wasfound
that theoretical datasupport experimental results. The
highest occupied molecular orbitd energy (E,, ), low-

INTRODUCTION

Mild steel, aso called plain-carbon stedl, isthe
most common form of steel becauseitspriceisrela
tively low whileit providesmaterid propertiesthat are
acceptablefor many applications, more so thaniron.

est unoccupied molecular orbital energy (E, ). the
energy gap between EHOMO and ELUMO (AEHOMQLUMO)’
dipolemoments(u), chargesonthe O and N atoms, the
total energiesof themolecules. Theresultsof quantum
chemicd cdculaionsand experimentd efficdenciesof in-
hibitorsweresubjectedto corrdation andyss. Wehave
reached the conclusion that the synthesisof better cor-
rosoninhibitorscan beachieved by controllingdl dec-
tronic propertiesand parameters of asd ected group of
molecules  © Global Scientificlnc.

Keywor ds: DFT; Abinitio; Corrosioninhibitors;
Semi-empirical calculation; Semicarbazide; 4-
phenylsemicarbazid.

Low carbon stedl containsapproximately 0.05-0.15%
carbon and mild stedl contains 0.16-0.29%!Y carbon;
making it malleableand ductile. Mild steel hasarela-
tively low tensile strength, but it is cheap and mal-
leable; surface hardness can beincreased through car-
burizing™.
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Schiff bases, named after Hugo Schiff?, areformed
when any primary aminereactswith an aldehydeor a
ketone under specific conditions. Structurdly, a Schiff
base (also known asimine or azomethine) (Figurel) is
anitrogen anal ogue of an a dehyde or ketoneinwhich
the carbonyl group (C=0) has been replaced by an
imineor azomethinegroup (Figure 1).
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Figurel: General structureof a Schiff basecompound

Schiff bases are some of the most widely used
organic compounds. They are used as pigmentsand
dyes, catalysts, intermediatesin organic synthesis, and
as polymer stabilizerd?. Schiff bases have also been
shown to exhibit abroad range of biologica activities,
including antifungal, antibacterial, antimalarial,
antiproliferative, anti-inflammatory, antivira, and anti-
pyretic properties*7.

In the other hand, organic substances have been
used extensively ascorrosion inhibitorsduring thelast
four decades. Of these, Schiff base compounds con-
taining one or moreN, O and S atoms can effect the
inhibition of corrosion, in agueous acid solutions, of
metal §%14, Theeffectsof concentrationsand functiona
groups on the corrosion of iron and steel have been
studied®17, Theinhibition efficiency of semicarbazid
(SC) and 4-phenyl semi carbazide (4-PSC) on the cor-
rosioninhibition of mild steel in acid mediahasbeen
studied®®, Theefficiency of aninhibitor doesnot only
depend onitsstructure, but a so on the characteristics
of the environment in which it actsthe nature of the
metal and the other experimental conditions. Under
certain condition, theelectronic structure of theorganic
inhibitorshasakey influenceonthecorrosoninhibition
efficiency tothemetd.

A lot of work on Schiff base inhibitors has been
studied experimental ly!**23, However, itstheoretical
study isfewer relativelyi>%1, Hence, it isnecessary and
significant to research corrosion mechanism and influ-
ence of the substituent on inhibition efficiency. Quan-
tum chemica cal culation hasbeen widdy used to study
reaction mechanism andto interpret the experimental
resultsaswel| asto resolve chemica ambiguities. Our

paper concernsthe cal culation of chemical adsorption
energy between semicarbazid (SC) and 4-
phenyl semicarbazide (4-PSC) and the Fe atom by quan-
tum chemica methods, and the purpose of thispaperis
to provideinformation for the e ectron configuration of
two Schiff base compounds by the quantum chemical
calculation and to seek therel ationship between mo-
lecular gructuresinhibition efficiency.
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Scheme 1 : The structure of semicarbazide (SC) and 4-
phenylsemicar bazide (4-PSC) compounds

COMPUTATIONAL MODELAND METHODS

Theoretica cal culations have become apowerful
tool for clarifying the mechanism of sel ective capture
and transportation of meta ionsby ligands?#. Inthis
model theview of film formulation mechanism, thead-
sorption modd of theinhibitorson meta surfacecanbe
described in Scheme 2.

O O O

Fe Fe Fe Fe Fe Fe FeFe Fe Fe Fe Fe Fe Fe

Scheme2: Theadsor ption model of theinhibitor on Fesur-
face

Inthiswork we can only focus chemical adsorp-
tion of onesingle molecule on the Featom and there-
foreamodel of chemical adsorption of SC or 4-PSC
molecule on Featom can simulated as Scheme 3. The
coordination sitesfor these compoundsareN (5) and
O (4).

We have obtained molecular geometry, charge
density, dipole moments and the other of structural
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Fe Fe

Scheme 3: M odel of chemical adsor ption for SC or 4-PSC
moleculeson Fesurface

properties for SC and 4-PSC compounds by DFT
cdculaioningasphase. Dendty functiond theory (DFT)
calculationsare performed to predict thehost-guest in-
teractions between the [Fe(H,0), ] ** and two Schiff
bases. Inthe present work, to explicitly display the hy-
dration of metd cation assix-coordination complex and
ligands asthefollowing equationsare used to compute
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therdativebinding energies.
[M(Hz0)el*® +8L —— [M(L)3]"® +6H,0 (1)
And AE or binding energy for thisequationis:
E[M(L),]**+6E(H,0)- E[M(H,0) ]**- 3E[L] )
TABLE 1 summarized the important cal culated
structural properties of SC and 4-PSC molecules. All
the geometriesincluding thereactions and products of
thereaction arefully optimized usingthe B3LY Pex-
changecorrdation functiond®21, All ca culaionswere
carried out withthe GAUSSIAN 03 package™. The
geometry of both complexeswerefully optimizedingas
phaseusing 6-31 + G(d,p) basisset for H, C,Nand O
atomsand Lanl 2dz basisset for Fewithout any symme-
try constrain. TABLE 2 showsall energy calculations.

TABLE 1: Someof DFT calculated structural propertiesfor SC and 4-PSC compoundsin thegasphase

Compound M.W  Dipolemoment Enomo ELumo AE Net atomic charge on two coordination sites
P (g/mol) (deby) (eV) (eV)  (eV) N(5) O(4)
SC 75 4.6615 -0.2639 -0.0262 0.2377 -0.5030 -0.4051
4-PSC 151 5.1361 -0.3384 0.0710 0.2594 -0. 8460 -0.7290
TABLE 2: Energy calculationsof [Fe(H20) ]**, [Fe(L),]*® and AE (calculated binding ener gy)
Escau) Espsciau) Eret20)6]+3(au.) Enzogau) Ea (au) Eg au) AE1 (au) AE> (au)y
-280.6858 -505.7474 -1698.5243 -75.6193 -2104.5643 -2797.6824 -17.8084 -35.6317

A=[Fe(SC),]*%, B= [Fe (4-PSC),]*® and AE,= binding energy calculated of (2) equation for SC ligand and AE,= binding energy

calculated of (2) equation for 4-PSC ligand.
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Figure2: Showsall optimized geometriesfor hydrated Fecation, freetwoligandsSC and 4-PSC, two metal complex of Fe(l11)

with theseligandsand Fe(l11) ion isasasix-coor dinated cation.
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Calculated bond lenghis

Fo-O27)= 1936
Fe-O(10)= 1.917
Fo-O(12)= 1.930

Feo-N21)=2.277
Fa-N7)=2.373
Fo-N18)=2.301

Figure3: Thegeometriesoptimized at theB3LY P/Lanel 2DZPlevel of theory of [Fe(SC),]**ion complex with someimpor tant

bond lengths

S &

Calculoted bond lenghis

Fe- O(16)=2.166
Fe_ O18)=2.157
Fe 027)=2.166

Fe-M(7)=2.426
Fe-N(12)=2.322
Fe-N(21)=2.062

Figure4: The geometries optimized at the B3LY P/Lanel 2DZP level of theory of [Fe(4-PSC)_]** ion complex with some

important bond lenghts

CONCLUSIONAND RESULTS

TABLE 1 show the higher negative chargeon co-
ordination sitsof SC and 4-PSC (N5=-0.5030, O4=-
0.4051 for SC ligand and N5=-.08460, O5=-0.7290
for 4-PSC ligand), the higher of the HOMO energy
and thelower of theLUMO energy providethe higher
inhibition efficiency of theinhibitor for metal surface. In
theTABLE 1and TABLE 2 thecalculated valuesfor
binding energy for two inhibitorsarerepresented. These

resultssuggest theflowing conclusions:

Inthe second inhibitor (4-PSC) the negative charge
dengity onthe coordination sitesO(4), -0.8460 eV and
N(5),-0.7290 eV arebigger than the other compound
(-0.5030 eV and-0.4051eV), so 4-PSC complex with
Fe(l11) cation [Fe(4-PSC),] * ismore stable than the
other complex [Fe(SC),| %, TABLE 2 showsthe Fe(4-
PSC), complex ir more stablethan the other complex
see AE, and AE, inthistable. In genera big negative
charge onthe adsorption’s centers of 4-PSC molecule
and big stabilization energy givingrisetoanincreasein
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HOM®O and LUMO molacular orbital levels for Fo(4d-PSC)? complex fon

Figure5: HOM O, LUM O molecular orbitalsand HOM O-L UM O gap for two Fecomplexes

thein Theca culated binding energiesof Fe(I1) meta
iontothe SC and 4-PSC ligandsaregivenin TABLE
2. Asexpected, the Fe(l11) cation with morepositive
chargeshavestronger interactionwith the4-PSCligand
ingas phaseleadingto higher vd uesof binding energies
(-35.6317). However, this cation has strong interac-
tionswith theother Scligand (-17.8084).

HOMO and LUMO energy gapsindicatethe sta-
bility of thecompound. Themolecular orbita with the
highest HOM O and lowest LUM O contoursfor com-
plex aredrawnin Figure 3. Thesefiguresshow that the
HOMO islocated mainly on theligand but therol e of
ligand orbitalsin LUMO reduced and Fe metal center
haveas gnificant percentagefor congructingtheLUMO
and higher MOs.

Generally inthis study we saw agood agreement
between theoretical and experimental data. 4-
Phenyl semi carbazide (4PSC) and semicarbazide (SC)
actudly havevery sgnificant effectsonthecorroson of
mild steel in hydrochloric acid. 4PSC and SC tend to
inhibit thecorrosion of mild sted inhydrochloricacidto
aremarkabl e extent, with 4PSC exhibiting ahigher
maximum inhibition efficiency (82%) than that of SC
(66%0)181,
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