January 2008

Trade Science Ine.

Volume 4 Issue 1

A Tndéian Yournal

— Pyl Paper

M SAIJ, 4(1), 2008 [47-49]

Effect of halogen ions on the electrochemical behaviour of
lead in hydrochloride medium

M.Mihit™*, R.Salghi?, L.Bazzi', M.Belkhaouda®
1L_abor atoireM atériaux and Environnement, Equipe de Chimie Physique Appliquees, Faculte des Sciences,
BP8106,Agadir,(MOROCCO)
2|_aboratoired’Ingenierie des Procedes de I’Energie et de I’Environnement, Ecole National des Sciences
Appliquees d’Agadir, BP 1136, Agadir, (MOROCCO)
E-mail: mihitmohammed@yahoo.fr
Received: 18" April, 2007 ; Accepted: 23 April, 2007

ABSTRACT

The effect of the addition of halogen ions on the electrochemical behaviour
of lead in 0.3M HCl solution hasbeen investigated by using cyclic voltammetry
(CV) technique. For thispurpose, 5.102M, 10-2M, 5.10*M and 1M KF, KBr
and K1 solution were used. The results obtained show that the shape of the
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cyclic voltammograms is not modified in the presence of halogen ionsin
solution. The examination of the curves illustrates that the anodic current
density of lead depends on the type of halogen and on its concentration: At
low concentrations, the effect of halogen ionsis related to their ionic rays.
However, at high concentration, that effect follows the constants of solubil-

ity of the saltsKF, KBr and K.

INTRODUCTION

The electrochemical characteristics of the lead
€l ectrodein acid solution depend onthe natureand on
the composition of thislater. In fact, several works
focused onthestudy of the effect of different mediums
ontheleed anditsdloys*”. Whenthemetd isimmerged
inacidic solution containing Cl-, NO, or SO,*, among
the important phenomena that could faced is the
interfacial electrochemical reactions that could be
attributed tovarious phenomenon such asthedissolution
or the passivation of themeta®. Moreover, it’s noted
that thestimul ating effect of acertainanionontheanodic
reactions is manifested only when a certain critical
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potentia hasbeen reached. At thispotentid, thestrength
of covalent bond between the surfaceatomsof themetal
and theadsorbed ionsequa sthe covaent bond strength
inthe corresponding individua compound. Evidently,
thedifferent anions must have different valuesof the
critical potentias. Consequently, it could be expected
that if at agiven potential, several components of the
solution are adsorbed, and then all the surface
complexes can not passinto solution, but only those
withtherequired chemical bond strength. Thisprobably
explainsthe passivating effect of thehalogenionson
theiron dissolutioninsulphuricacid™.

Therefore, the present paper isdevoted to investi
gate the cyclic voltammetric behaviour of the lead
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electrodein hydrochloridesolutionandtheexamination  TABLE 1: Electrochemical parametersderived fromfigures

of the formed complexes. In fact, this study was
undertaken to achieve the following two purposes.
Firstly, tointegrate our studied on the behaviour of the
lead electrodein HCI solution. Secondly, to study the
effect of the addition of the halogen ions on the
eectrochemical characteristicsinHCI.

METHODSAND MATERIALS

Electrochemica measurementswererecorded with
a potentiostat type Amel 550 using a linear sweep
generator typeAmel 567 at ascan rate of 20mvV/min.
Before recording each cyclic voltammetry curve, the
lead el ectrodewas polarised at -1000mV/SCE for 10
min. Weusadfor dl eectrochemicd testsaconventiond
threeeectrodesdectrolysiscylindrical Pyrex glasscell.
Saturated calomel electrode(SCE) and platinum
electrodeareused asreferenceand Auxiliary el ectrodes,
respectively. Theworking electrodeisinform of disc
from lead(99.99%) sheet of the surface 0.5 cm?. Prior
each experiment, the surface of theworking el ectrode
waspolished with different emery paper up 1000 grade,
washed thoroughly with acetone and rinsed with
bidigtilled water.

Thehalogenionsare obtained from the saltsKF,
KBrandKI.All experimentswere carried out in 0.3M
HCI at 25°C. The solution test was prepared by the
dilutionof andyticd grade37% HCI withdoubledidtilled
water. The solution test is also de-aerated by pure
nitrogen. Gaspebbling ismaintained prior and through
the experiments.

RESULTSAND DISCUSSIONS

Thed ectrochemica behaviour of leadin 0.3M HCI
solution was studied by cyclic voltammetry.
M easurements performed in hydrochl oride solution
containing different concentrationsof hadogenionsare
presented infigures 1, 2 and 3. The electrochemical
parameters derived from thesefiguresarereportedin
TABLE 1.

From the cyclic voltammograms obtained, one
anodic peak and one cathodic peak are observed. It
can be seenthat the shape of thevoltammogramsisnot
influenced athough thesolution compositionvaried. In

1,2and 3
. C Ipa I pc Epa Epc
Inhibitor 1y (mAlcm?) (mA/em?) (mV/SCE) (mV/SCE)
Blank 0.3M HCl  29.1 24.7 -343 -510
5.107? 235 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
510" 7.4 15.2 -348 -570
1 2.4 - -365 -
5.102 10.6 6.77 -387 -430
. 10™ 8.5 4.1 -391 -436
5.10™ 5.4 - -391 -
1 1.9 -391
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Figurel: Cyclicvoltammogramsfor thelead electrodein
0.3M HCl inthepresenceof Br ~at variousconcentr ations.
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Figure2: Cyclicvoltammogramsfor thelead electrodein
0.3M HCl inthepresenceof Fat variousconcentrations

fact, the anodic peaks which represent the anodic
reaction (oxidation) are characterised by the potential
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Figure3: Cyclicvoltammogramsfor thelead electrodein

0.3M HCl inthepresenceof |- at variousconcentrations
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Figure4: Evolution of I paasfunction of logarithm of the

halogens concentration

(E pa) and by theanodic current density (1 pa) Also, the
cathodic peaksare characterised by the potentia (E pc)
and by the anodic current density (I pC). These peaks
refer to thereactionsof thereduction. Thesameresults
arefound el sewherel™3.

Theexamination of theresultsshowsthat inthepres-
ence of thehaogenions, both anodic and cathodic re-
actions(l ,and| ) arereduced. Thisreduceismore
significant with therise of the ha ogenions concentra-
tions. Inthissubject, two parts can be observed:

*C=10'M, the currents of the anodic peaks
increasefollowingthisorder: F>Br->I-

Thisorder can beinterpreted with the help of the
ionicrays, Infact, theionic raysof theanionsincrease
following the sequence F(1.33A)>Br(1.96A)>T
(2.2A)". Theanionthat hasabigionicray occupiesa
large adsorption surfacein comparison with theanion

which hasasmall ray. Thisresultisin agreement with
theliterature.

*C=5.10"M, the currents of the anodic peak | |
increasefollowingthisorder: Br>F>I-

This order can be explained from the different
constants of solubility of salts™8l, It’s around 8.2, 7.6
and 5 respectively for Pbl,, PbF, and PbBr,. For the
elevate concentration (1M), the effect of F ions
becomesdlightly moreimportant in comparisonwith I-.
Thisphenomenonisboundto theionicinteractions of
theions|-which aremorevoluminousthan Fions.

Figure4 showsthevariation of the current of an-
odic peak asfunction of the hal ogens concentration.
It’s clear that the current of the peak decreases linearly
with logarithm of the concentration accordingto the
relation (1)*". Thisdependenceisacriteriaof inhibi-
tion.

I va = a—blog(C) (@)

We noted that the addition of KI in hydrochloride
solution accompani ed with the gppearance of theions
Ithat hasabrown color which becomesclear fromthe
concentration 10'M of I-ions. Inthe presenceof Iin
thesolution, theiodinel givesthecomplex |, However,
in the presence of Cl', | forms |,Cl-. The apparent
potential E°(L,CI/I") isnear tothe potential of (1,/1°)
(18] Therefore, the corresponding reactionsare given
asfollows.

I, +2e 3l
I,Cl" +2e & 21"+ Cl
Therelation of Nernst rel ated to each reaction are:

E, .= E°(1;/1) +0.031og[l ;] ~0.09 log [I] @
E.= E(L,CI71) +0.03log[1,C1]-0.03
log[CI- 0.06 log]I] ©)

To confirm the formed species, wefollowed the
evolution of theequilibrium potentid (Eeq) of theplatinum
el ectrode according to the reference el ectrode (SCE).

Theequilibrium potentia E, hasbeen determined
at different concentration of K1 (from 102M to 1M) in
0.3M HCI. E stabilizinglessthan oneminute, shows
alinear variation asfunction of thelogarithm of the con-
centration of theions|-. Theobtained dopeisequal to
57 mV/dec. (Figure5), and it indicatesthat the el ec-
trochemical reaction related to I ismono-electronic.
Thisresultindicatestheformationof I .Cl-instead of 1.,
thustherelation of Nernst can bewritten asfollow:
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Figureb: Variation of Eeq asfunction of thelogarithm of
theconcentration of theionsl-
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E,,=E°+0.0310g[1,C11-0.0310g[ CI]-0.06log[I] @

Theapparent potential E° can be determined from
theoriginvaue (228 mV/SCE).

The concentration of |,Cl- can be calculated from
the concentration of theiodinedeterminedin 0.3M HCl,
and the constant of theformation of thecomplex I.CI-
is0.2138, The concentration of theiodineisdosed by
theionsthisulfatesaccording to thefoll owing reaction:
|,+S02® S02+2I

Theresults obtained reved that[l.]=9.10*M and
[1,CI']=4.3 10*M. The apparent potential E° is then
equd t0312 mV/SCE. This value is in good agreement
withtheliterature?8,

CONCLUSION

We have studied the effect of the presence of the
halogenionsin 0.3M HCIl onthelead e ectrode by the
use of cyclic voltammetry. The results obtained
demonstrated that the addition of halogenionsact on
the anodic behaviour of thelead follow the sequences:
e F>Br>I" atlow concentrations (C<10M)

e Br>F>I" at high concentrations (C>5.10"*M)

The shape of the cyclic voltammograms is not
modified inthepresenceof halogenionsinsolution
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