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ABSTRACT

The azo Schiff base (A.S.B) under study was symtidelsy mixing Schiff base and 2-aminobenzoic, adicbreas,
the used Schiff base was obtained from the reffuafrsalicylaldehyde and 2-aminothiophenol. The &ezbiff base
reacted with Co(ll) ion giving a chelate. The sy#ized azo Schiff base and its Co(ll) chelate vgaigected to
several physiochemical techniques; such as, CHE®aeital analyses, molar conductivity, IR, elecephiNMR

and mass spectra. The used techniques showed ration of 2:1[M:L]chelate and confirm the geometi

structures of the azo Schiff base and its Co(IBlate. A square planar geometry was establishedHerchelate.
The inhibition characteristics of azo dye on stmrosion in hydrochloric acid media is investigdtat 30C. The
results3 showed a high protection efficiency (gredib@n 85%) for acid corrosion of steel at its lm@ncentration
(3x10°M).

Keywords: Synthesis, Characterization, Azo Schiff base, liEdfhelate, Corrosion Inhibition, physiochemical
techniques.

INTRODUCTION

Schiff bases derived from salicylaldehyde and prinamines and their complexes played an imponantin the
development of inorganic chemistry as widely stddieordination compounds and are increasingly iteporin
applications such as biochemical, analytical andrmacrobial reagents [1, 2]. Also they have beeredusms
antibacterial, antifungal, anticancer, antitubesmcuhypertensive and hypothermic reagents [3]. Szbiff base
complexes of VO(II), Mn(ll), Co(ll), Ni(ll) and Cul) ions have been synthesized from N-5-(4-
chlorophenyl)diazenyl)-2-hydroxybenzyl-idene)-2-hyxlybenzohydrazide. The nature of bonding and thetiral
features of the complexes have been deduced framyiag of several physiochemical techniques. Thedus
techniques revealed a square planar geometry f@it)@omplex, square pyramidal for oxovanadium céewpand
tetrahedral structure for the other complexes[4je Tazo Schiff base derived from N-4-methoxybenzyial3-
hydroxyphenylamine(SB) and 2-aminophenol reactat Wi(ll) ion to form azo Schiff base chelate. Tdwo Schiff
base and its Ni(ll) chelate were characterized BiN@lemental analyses, molar conductivity, IR, U{§MHNMR
and mass spectroscopies. The analytical and speetsalts supported the formation of the azo Sdidke and the
Ni(Il) chelate in 2:1[M:L] ratio. And confirmed ajsare planar geometry for the chelate [5].

This study aims to synthesis, investigate the ciipalof the diazo Schiff base in coordination astudy the
corrosion inhibition of azo Schiff base and ityIlQcchelate.
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EXPERIMENTAL SECTION

Chemicals and Methods

All chemicals used in this study are of high gr@@BH\Aldrich) including; salicylaldehyde, 2-amirtobphenol, 2-
aminobenzoic acid, ethanol, dimethylformamide (DMBpdium hydroxide, dimethylsulphoxide (DMSO),
CoChL.6H,0 and double distilled water. The synthesized acdnifSbase and its Co(ll) chelate were subjected to
CHNS elemental analyses using Perkin-Elmer 240@@fh¢al analyzer, infrared spectra were obtainefBiydisc
technique by using IFS-25DPUSR\IR spectrometer KBrwin the range of 4000-400 &mproton nuclear magnetic
resonance spectrum of the azo Schiff base wasdedan Varian Gemini 200-200MHz spectrometer u3ikty as
internal standard and°DMSO as a solvent, The electronic spectra of #® $chiff base and its Co(ll) chelate
were measured in DOMSO solvent using a Perkin—Elmaenbdap—spectrophotometer. The mass spectra were
carried out by using Shimadzu QP-2010 Plus. Theammdnductivity of the chelate was measured in Dédivent
using digital conductivity meter CMD 650, at chetmisdepartment, Sebha University, Sebha, Libya. tht
mentioned analyses were done at Micro analyticaece Cairo University, Giza, Egypt.

Synthesis of Schiff base (SB)

The Schiff base was synthesized by dissolving 0ddénil.22 g of salicylaldehyde and 0.01 mole; 1g26f 2-
aminothiophenol in 50 ml ethanol. The mixture wasluxed for two hours, then the obtained productswa
concentrated in vacuum to remove ethanol. The mtodas filtrated, dried and recrystallized fromtahble solvent
(vield = 70.72 %).

Synthesis of azo Schiff base (ASB)

The azo Schiff base (ASB) under investigation wasthesized by mixing 0.01 mole; 2.29 g of Schifebawith
0.01 mole; 1.37 g of 2-aminobenzoic acid in 50 afilethanol in the presence of 10% NaOH, Nal@ution and
conc. HCI. The obtained azo Schiff base was aedifby dilute hydrochloric acid until pH= 2-4. Thsolated
compound was filtrated, washed several times wishilléd water until the filtrate becomes free frarnloride ion
by testing it with silver nitrate solution, drieddarecrystallized from suitable solveahen dried in desecrator over
calcium chloriddyield =64.94%).

Synthesis of azo Schiff base Co(ll) chelate

The reaction of azo Schiff base (ASB) ( 0.01 m8l&7 g) with 0.01 mole; 2.37g of Ca@H,O in 50 mL ethanol
was refluxed for three hours, then filtered and healsseveral times with hot ethanol until the fikrdoecomes
colorless. The chelate was dried in desecator @aleium chloride for a night.

Corrosion

The corrosion rate of steel sample in 0.5M, HCI watermined by mass loss technique, the specimsst were
cut in the form of rods of dimensions 40 mm lengtid 10 mm diameter. The commercial steel rodsdbiécted
from Musrata steel factory was of composition gieen C= 0.32, Si= 0.21, Mn= 0.75, P= 0.014, S=4,.00r=
0.20, Ni= 0.001, Cu= 0.001, Al= 0.002, Fe to 10¢ (beight). Before the measurements, the sampleg wer
mechanically polished with a series of emery papetis different grades (60,100,120,180,220,320,408 1200)
starting with coarse one and proceeding to ther fgrades. Both sample and solution were allowedttain
temperature equilibrium for a minimum of 20 mingurto starting the corrosion experiments. The ieastwere
under stagnant conditions at’@0and rates followed for a maximum of 1 hour toidwirastic changes in surface
characteristics.

Inhibitors

All the chemicals used are analytical grade. Freslidtilled deionized water was used in all prepares. Azo
Schiff base namely (ASB) as corrosion inhibitorOisM, HCI medium was prepared in dimethylformamidd.
tested solutions containing 10 vol. percent of Didaintain complete soluble.

RESULTS AND DISCUSSION

The azo Schiff base (ASB) and its Co (ll) chelatenbeen investigated on the basis of elementdyssamolar
conductivity and spectroscopic techniques. Theyigal, IR, electronic’HNMR and mass spectral data (Table 1)
of the azo Schiff base product proposed that thetien occurred in 1:1: ratio. The azo Schiff basd its Co(ll)
chelate are colored solids and stable in air. Tdreyinsoluble in water but soluble in coordinatsadvents, such as
DMF solvent. The melting points of the azo Schifisb and its Co(ll) chelate are 132.20 and >260 0
respectively. The CHNS elemental analyses exHilit the calculated values are in a good agreemséttit found
data (Table I). The CHNS elemental analysis dagetter with the non-electrolytic nature, [6] in BMolvent
suggest 2:1 [M:L] ratio.
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Table-1: Elemental analyses, some physical propees, infrared and electronic spectral data of ASB athits Co(ll) chelate

™~

. M. o Yield Found (Calcd.), % )
azo Schiff base/ Chalets Wt Color M.P °C % % 1% N % UV-Vis nm (cm-1)
. Bright , 63.66 3.98 11.14 8.49
ASB (CigH15N305S); L 377.00 goiden 132.1 70.72 63.68) | (3.00)| (1173) | (8.25) 2874(34843), 329(30395)
light 44.04 3.12 7.71 5..87

[Coz (ASB)(OH)(H.0)H,0 561 Olive >250.00 | 54.00 (4468) | (3.00)| (755) (5.27) 290(34483), 332(30120)
azo Schiff base/ Chalets IR (cm-1) mie+

v(OH) | v(HCN) | v(COOH) | v(N=N) | ©(C-OH) | v(SH) | v(M-O) v(M-N)
ASB (C1gH15N30,S); L 3416 1616 2762 1482 1311 3055 - - 377,330, 302, 285, 258, 5
[Co, (ASB)(OH)(H,0)]H.0 3436 1598 - 1475 1273 3052 626 549 450, 421, 259, 227, 55

Infrared spectra of azo Schiff base and its Co(llxhelate
The infrared spectral data of the azo Schiff bas®B) and its Co(ll) chelate were listed in tableThe infrared
spectrum of the synthesized azo Schiff base chelglibits a band at 3436 Cuue to the existence of water
molecule as hydrated and coordinated [7]. Meareytile same spectrum shows a band at 1598atmibuted to
(—HC=N) vibration, the changing of this band conipguto the free ligand (1616 cthconfirmed the involvement
of this group in chelation through nitrogen atorh [Bhe spectrum of the chelate exhibits a changherposition of
the thio group (SH) indicating the involvement bistgroup in complexation through sulfur atom [8lso the azo
Schiff base spectrum displays the azo (-N=N-) graudl482 cni, this group is changing to lower frequency
suggests its participation in bonding with the rhietas [10]. New bands at 626.and 549 twhich are not present
in the azo Schiff base are attributedu®1-O) and v(M-N) vibrations [11], and the their appearancetiudése
vibrations support the participation of oxygen aitiogen atoms of the azomethine, azo and OH gro@iise azo
Schiff base in chelation process.

Proton nuclear magnetic resonance spectrum of azaKiff base

The'HNMR spectrum of the azo Schiff base compound .(Eigvas measured using iFBMSO solvent. The azo
Schiff base spectral results show signals at 8B 1d.58 ppm which are assigned to the presengeoddns of
azomethine and hydroxyl groups, respectively. Alse, same spectrum displays signal between 7.0®-pmn
attributed to phenyl rings. The signals at 2.51 ar&ll ppm due to the existence of methyl and DM8Wesnt
groups in the compound. Meanwhile, the signal whigheared at 3.31 ppm in the spectrum of the fmegound is
attributed to the presence of thio (SH) group [12].

Fig.(1): '"HNMR spectrum of ASB

Mass spectra of the azo Schiff base and its Co(lthelate
The mass spectral fragmentations of the azo Skba#é (ASB) and its Co(ll) chelate are shown in se®el and 2,
table 1 and figures (2, 3). The base peak of atuffShase at m\e+ = 377. is attributed to the ioagymolecular
weight. Meanwhile, the peak at m\e+ =330 is analsgo the loss of COOH and two hydrogen atoms fitoerazo
Schiff base. The loss of two nitrogen atoms giveeak at m\e+ = 302. The peak at m\e+ = 285 dues® of
hydroxyl group. The same spectrum shows a peaRet = 258 corresponding to loss of azomethine (H@Nup.
A peak at m\e+= 52 is analogous to the appearahCgHy ion. For Co(ll) chelate, the spectrum exhibitsealpat
m\e+ = 450 due to loss of water molecule, COOH tarmdoxygen atoms. The peak at m\e+ = 421 correspgrid
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the loss of azomethine group and two hydrogen atdins peak at m\e+ = 259 due to the loss of aramrtwo
cobalt and oxygen atoms. The loss of the thio gr@Hhb) gives a peak of m\e+= 227. The same specthows a
peak at m\e+=55 analogous to the appearancgttfiGn.
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Electronic spectra of azo Schiff base and its Cdjlchelate

The electronic spectral results of the azo Schaffdoshow two bands at 287 nm (34843"cand 329 nm (30395
cm®) due ton—n* (Phenyl rings) and +a* (H-C=N and azo group) transitions [13]. The efenic spectral studies
of Co(ll) chelate with the azo Schiff base wasiegrout in DMSO solvent. The square planar chelsdée contains

a metal ion of Belectronic configuration is paramagnetic. The sp@e of Co(ll) chelate shows two bands at 290
nm (34483 crif) and 332 nm (30120 ¢y ascribed to the two component excitatidng—'Bsu, B.u transitions
[14].

Corrosion Inhibitions

Rates of dissolution were determined chemicallyWly at 30°C. Table 2 gives the corrosion rate and inhibitor
efficiency for mild steel in 0.5M HCI, 10% DMF irbaence and presence of different concentratiorzofSchiff
base (ASB) at 3. This shows that the corrosion rate decreasesnaitttor efficiencies increase with increasing
concentration of each inhibitor at given tempemtur

Table-2: Corrosion parameters obtained from WL datafor mild steel in 0.5 M, HCI, 10% DMF in absenceand presence of different
concentrations  of azo Schiff base (ASB) at 3¢

Inhibitor concentration xI¥M/litter log[1] C.Rx10°mg/cnf min | Inh%
4 -2.39794 0.0785 98.55
3 -2.52287845 0.2133 96.07
0.6 -3.2218487 0.4823 91.12
0.5 -3.30102999 0.5669 89.61
0.4 -3.39794000 0.6364 88.29
0.3 -3.522878745 .64760 88.08

0.06 -4.22184875 0.6506 88.03
0.05 -4.301029996 0. 7880 85.50
0.04 -4.397940009 0.7983 85.31
0.03 -4.522878745 0.8336 84.66

Figure (4) shows the variation of the corrosior ra$ a function of the concentration of azo Sdiaffe (ASB) at 30
%C. As shown in this figure on increasing the comaion of azo Schiff base inhibitor, the corrosrate decreases.

carasion reection rate

o 0.5 1 1.5 2 2.5 3 3.5 4
concentration [1]

Fig (4) :Variation of the corrosion rate with the mncentration of Azo Schiff base at 36C

Figure (5) represents the variation of percentadpbitor as a function of the logarithmic concetita of azo
Schiff base at 38C. As shown in this figure that the efficiency ohibition of acid corrosion of steel by azo Schiff
base is increased as concentration of inhibitoemses at 3%C.

1149



Marei M. Elajaily et al J. Chem. Pharm. Res,, 2013, 5(12):1144-1151

100

o8 -

96

oal

92 -

90

percert irtikitiaGrieg

88

86 -

84 I I I I
-5 -4.5 -4 -3.5 -3 -2.5 -2

log[l]

Fig (5): Variation of percentage inhibitor with the logarithmic concentration of azo Schiff base

In figure (5), the results have characteristicS-athaped adsorption isotherm indicative of adsonptiechanisms
for the inhibition process.

DISCUSSION

It is evident that the presence of different winglirig groups have clear in influence on inhibitdfic@éncy created
by adsorption centers (HC=N-, N=N-, -SH,-OH,-COCQOHe inhibition effect could be attributed to physistion
process between clean charged steel surface iic aviedium followed by chemisorptions forming cooratie-
covalent bond due to its free electron pair atofhe results show that at 30 and low concentration range (4%10
3. 4x10° M) gives (85-98%) protection efficiency. The gradimerease in these protection efficiency perceesag
can be discussed on the basis that presence ofedbobds and hetero-electron pair atoms resultfrigteraction
between this molecule and the metal surface.

CONCLUSION

From the obtained results, we can suggest thewollp structure for Cpchelate.
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