Available online at www.derpharmachemica.com

Scholars Research Library R\«%ifé;l

Scholars Research gw v ‘:3
/ Der Pharma Chemica, 2012, 4 (1):448-454 & ’
(http://derpharmachemica.com/archive.html) L%J

ISSN 0975-413X
CODEN (USA): PCHHAX

Effect of halogen ions in the electrochemical behawr of lead
in hydrochloride medium

R. Salghi’, A. Zarrouk ?, Lh. Bazz?®, H. Zarrouk*, L. Bammou', B. Hammouti?, M. Mihit *
and S. S. Al-DeyaB

1Equipe de Génie de I'Environnement et de Bioteagie] ENSA, Université Ibn Zohr, BP 1136 Agadir,
Morocco
| CAE-URAC18, Faculté des Sciences, Université MahednPremier, BP 4808, Oujda, Morocco.
*Etablissement Autonome de Contréle et de Coordinates Exportations d’Agadir
4 Laboratoire des procédes de séparation, FaculgStgences, Kénitra, Morocco
*Department of Chemistry, College of Science, KiagdSUniversity, B.O. 2455, Riaydh 11451, Saudi
Arabia

ABSTRACT

The effect of the addition of halogen ions on tleeteochemical behaviour of lead in 0.3M HCI
solution has been investigated by using cyclicavoihetry (CV) technique. For this purpose,
5.10°M, 10°M, 5.10'M and 1M KF, KBr and Kl solution were used. Theutesobtained show
that the shape of the cyclic voltammograms is nadified in the presence of halogen ions in
solution. The examination of the curves illustratbat the anodic current density of lead
depends on the type of halogen and on its condemiraAt low concentrations, the effect of
halogen ions is related to their ionic rays. Howea high concentration, that effect follows the
constants of solubility of the salts KF, KBr and KI
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INTRODUCTION

The electrochemical characteristics of the leadtedde in acid solution depend on the nature
and on the composition of this later. In fact, sal/&orks focused on the study of the effect of
different mediums on the lead and its alloys [1¥¥hen the metal is immerged in acidic solution
containing Cl, NO; or SQ?, among the important phenomena that could facéukignterfacial
electrochemical reactions that could be attribiitedarious phenomenon such as the dissolution
or the passivation of the metal [8-11]. Moreovés, moted that the stimulating effect of a certain
anion on the anodic reactions is manifested onlgrwh certain critical potential has been
reached. At this potential, the strength of covalmnd between the surface atoms of the metal
and the adsorbed ions equals the covalent bonagsirein the corresponding individual
compound. Evidently, the different anions must hdifeerent values of the critical potentials.
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Consequently, it could be expected that if at @igigotential, several components of the solution
are adsorbed, and then all the surface complexesaapass into solution, but only those with

the required chemical bond strength. This probaljylains the passivating effect of the halogen
ions on the iron dissolution in sulphuric acid [12]

Therefore, the present paper is devoted to invastithe cyclic voltammetric behaviour of the
lead electrode in hydrochloride solution and thaneixation of the formed complexes. In fact,
this study was undertaken to achieve the folloviimg purposes. Firstly, to integrate our studied
on the behaviour of the lead electrode in HCI sofut Secondly, to study the effect of the
addition of the halogen ions on the electrochengbaracteristics in HCI.

MATERIALS AND METHODS

Electrochemical measurements were recorded witbt@enpostat type Amel 550 using a linear
sweep generator type Amel 567 at a scan rate aihZ0min. Before recording each cyclic
voltammetry curve, the lead electrode was polareged 000 mV/SCE for 10 min. We used for
all electrochemical tests a conventional threeteddes electrolysis cylindrical Pyrex glass cell.
Saturated calomel electrode (SCE) and platinumtrelée are used as reference and Auxiliary
electrodes, respectively. The working electrode f®rm of disc from lead (99.99%) sheet of the
surface 0.5 cf Prior each experiment, the surface of the worldlegtrode was polished with
different emery paper up 1000 grade, washed thtigwgth acetone and rinsed with bidistilled
water.

The halogen ions are obtained from the salts KF; &l KI. All experiments were carried out
in 0.3M HCI at 25°C. The solution test was prepdrgdhe dilution of analytical grade 37% HCI
with double distilled water. The solution test iscade-aerated by pure nitrogen. Gas pebbling is
maintained prior and through the experiments.

RESULTS AND DISCUSSION
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Fig. 1 Cyclic voltammograms for the lead electrodéen 0.3M HCI in the presence of Br™ at various concentrations
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Fig. 2 Cyclic voltammograms for the lead electroden 0.3M HCI in the presence of F at various concentrations
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Fig. 3 Cyclic voltammograms for the lead electrodéen 0.3M HCI in the presence of T at various concentrations

The electrochemical behaviour of lead in 0.3M H@lugon was studied by cyclic voltammetry.

Measurements performed in hydrochloride solutiomt@iming different concentrations of

halogen ions are presented in Figs. 1, 2 and 3.€léarochemical parameters derived from
these figures are reported in table 1.

From the cyclic voltammograms obtained, one anpdek and one cathodic peak are observed.
It can be seen that the shape of the voltammogianm®t influenced although the solution
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composition varied. In fact, the anodic peaks whigresent the anodic reaction (oxidation) are
characterised by the potentid,§) and by the anodic current density,) Also, the cathodic
peaks are characterised by the potenkg) (@nd by the anodic current densikyX These peaks
refer to the reactions of the reduction. The sagselts are found elsewhere [13].

Table 1. Electrochemical parameters derived from Fjs. 1, 2 and 3

Inhibitor & lpa loc Epa Eoc
(M) (mA/lcm?) (mA/cm?) (mV/SCE) (mV/SCE)
Blank 0.3M HCI 29.1 24.7 -343 -510
5.10° 23.5 14.8 -385 -550
Br 10" 15.4 9.4 -398 -501
5.10° 10.7 5.5 -409 -500
1 7.8 2.7 -413 -500
5.10° 26.2 21.3 -328 -572
- 10" 18.6 18.8 -326 -574
5.10° 7.4 15.2 -348 -570

1 2.4 - -365 -
5.10° 10.6 6.77 -387 -430
- 10" 8.5 4.1 -391 -436

5.10° 5.4 - -391 -

1 1.9 - -391

The examination of the results shows that in thes@mce of the halogen ions, both anodic and
cathodic reactiondf; andlc) are reduced. This reduce is more significant i rise of the
halogen ions concentrations. In this subject, pads can be observed:

* C < 10™M, the currents of the anodic peaks increase fatigwhis order: B> Br > I’

This order can be interpreted with the help ofitrec rays; In fact, the ionic rays of the anions
increase following the sequencgE33 A°) > Br (1.96 A°) > [(2.2 A°) [14]. The anion that has
a big ionic ray occupies a large adsorption suriaceomparison with the anion which has a
small ray. This result is in agreement with therhature [15].

* C > 5.10™M, the currents of the anodic pelkincrease following this order: Bf F>I°

This order can be explained from the different tamts of solubility of salts [16]. It's around
8.2, 7.6 and 5 respectively for RbPbF, and PbBy. For the elevate concentration (1M), the
effect of F ions becomes slightly more important in comparigeth I". This phenomenon is
bound to the ionic interactions of the ionhgvhich are more voluminous thaniéns.

Fig. 4 shows the variation of the current of anogieak as function of the halogens
concentration. It's clear that the current of themlp decreases linearly with logarithm of the
concentration according to the relation (1) [1This dependence is a criteria of inhibition.

lpa=a —b log(C) 1)

We noted that the addition of Kl in hydrochloriddwgion accompanied with the appearance of
the ions tthat has a brown color which becomes clear fronttreentration 1M of I ions. In
the presence ofih the solution, the iodine | gives the complgx However, in the presence of
CIl', | forms bCI. The apparent potential EZQI/I") is near to the potential ofs{l I") [18].
Therefore, the corresponding reactions are giveolksvs:
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Fig. 4 Evolution ofl 5, as function of logarithm of the halogens concenttén.
The relation of Nernst related to each reaction are
Eeq E°(I3/1") + 0.03 log[t] — 0.09 log [I] (2)
Eeq~ E°(ICI/I") + 0.03 log [¥CI] - 0.03 log [CT]- 0.06 log [I] (3)

To confirm the formed species, we followed the atioh of the equilibrium potential ¢§ of
the platinum electrode according to the referemeetmde (SCE).

The equilibrium potential & has been determined at different concentratiokil gfrom 10°M

to 1M) in 0.3M HCI. &, stabilizing less than one minute, shows a linv@aiation as function of
the logarithm of the concentration of the ionsThe obtained slope is equal to 57 mV/dec. (Fig.
15), and it indicates that the electrochemical ieaaelated to’lis mono-electronic. This result
indicates the formation o$Cl instead of 4, thus the relation of Nernst can be written akoWwl

Eeq=E° + 0.03 log [ICI'] - 0.03 log [CT] — 0.06 log]I] 4)
The apparent potential E° can be determined fraotlgin value (228 mV/SCE).
The concentration okCl" can be calculated from the concentration of titene determined in
0.3M HCI, and the constant of the formation of tdoenplex $Cl" is 0.2 [18]. The concentration
of the iodine is dosed by the ions thisulfates ediog to the following reaction:

I, + $O5° ¢ S06% + 2I

The results obtained reveal thaf$l 9.10°M and [LCI]= 4.3 10°M. The apparent potential E°
is then equal to 312 mV/SCE. This value is in gagteement with the literatu[28].
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Fig. 5 Variation of E¢q as function of the logarithm of the concentratiorof the ions [
CONCLUSION

We have studied the effect of the presence of &heglen ions in 0.3M HCI on the lead electrode
by the use of cyclic voltammetry. The results aledi demonstrated that the addition of halogen
ions act on the anodic behaviour of the lead folloersequences:

« F>Br>I atlow concentrations (€ 10'M)

« Br>F>1 athigh concentrations (€5.10'M)

- The shape of the cyclic voltammograms is not rikedliin the presence of halogen ions in

solution
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