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INTIODUCTION:
 ود««،«د«،«ا

FTom studles on tle anodlc diasolut4a of
tذn nد allaline solut1one'', it was auggested thAt the
surface tذm Atoma ex4et s dlataaic moleculeA, a suboxde
(Sn0) 4s £irAt £omed, wH4oh udergoea Aelf oxidation to
dtennouA ،oide.

The study now هذ extended to 1lead. AltHough
mcb rorkg i Beeزثظ publlshed on the electrocAemical be­
hAy1our ٥£ P8 ac1d حلا solut1ons, 1ts behAviour mال alka11ne
aolut1.gA HAs recelved, 2elat±vely l1ttle aitention. Jones
e e3') ouna ع that lead anodea seolved ة1 nذ 1I KOH fذirat as
plumb±te and then pasa1vatgd by A f±L 0f Rb0و . o the

-e3' ±oua tHat leaa enodee diaeolط٣aصم» ther hand, KhAm&kه 
ed dالrEly KOH حد Eolut±on m1th the fomAton o£ HPb0,
ad Rb0, Arter complete coverng of lead ourface wltb
oدldea, the potent4al 1nceased, the fomation of Pb0,
besحa And 0, evolvea.

The electrocheateel behAvlour oR PB٥ ­de 1د
aemtad NaOH solutioa haa been atud1.ed by Abdul Azلا et
a2"), Hey ؟ bserved ه that the poroa±ty of the 1ni4t1ally
fomaed Pb0, 1e aد l in 2NIaOH.

It was obderved that no meDtlon 4a made nد
the 1±terature of the kiaet±ce ٥f the Anoic reactlons of_
leed. Ln the present ,nveAt1get1.anد the mechanle of ±ta
anod1 didsalut1on in allcelذne solutlons 1A exAmned.'
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 جppEp تygp و]
 ا««««ه «««ا

PolAr±aatlon meAsuremets an tl5 leAd an0de
weTa carrled out a صد cell (conatroted fror the areen1c­
free hard boroe1l4cate glAss, Hysll) wh4ch pomttd tEe
r1gorous purflcat1an of the solyt1ons under 1nvest4gat1on
through anod1c pre-alectrolysثو ). Fo th4s purpose a
platlnum anode (2 nمet1nu ك.ت م1 eheet welded to a plAt1num
wlre Bealed to .laA8 ع

The eleotrades were prepared fror axtra pure؟ 
Aتةعذ :m& meter مذa رد3 هد. صد (Scher1ng-KAhlbaum Company)'
The electrodes area wes 1 c.<, Eaeh mu wea camred out
w±th a ew د electrode. All eolut4ons were prepared fror
٨.R: mater±als:

Before eAcb run, the cell was cleaned m4tb a
a1xture of nitrie and sulphur1c ac1ds (A.R), and thorougb
waahed wltH conductance water. he؟ test aolution wae then

the £e4ه _compertentو troduced 1nto the pre-electrolyelصم 
and pre-electrolys4s wae condueted at 1o-3 - 1o- >-.٨ هه
Ror 30 A. THe leed electrode wes then 1ntroduced 1nto the
anode comparدt ent of the cell and Aduated to touch the
Lggذn caplllary which l1d, vذa a aalt br1dRe, to a aeture
ed cAlomel eleetrode. Same of the pre-eleetrolysed aolut1
vas then transfered to tbe anode compartMent, enA the Taf

e waB determined from l0 to h1gh current deNeitles and1 حذ
then dowmrArds AGa1n. After each overpotential rur, the
coneentrat1on of the electrolyte ras determ1ned anAlytlcal

All meesurements wrere cArrled out 1n an E1r­
themmostAt, the tempemature of rhich was lept constAnt wt'
+ 05 90: THe current aens1ty welue waA cAleulated us1صg
apparent Bwrface areA. All potentiAls are reeorded on the
noral hydrogen Acale.

RESULS AND DISCUSSIO?
 »»»،د«»«د،د«،٠ «««د

The potentiAl ٥F the lead anode mas meAsured ،
30 9C 1n 0,l -l0 I MIaOH as a funetion of the curent dens
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w±thn tAe mange o£ 1o-6 1o-±٨ -.هه٨٤٠ any current
aeae1ty the potential waa constant wthn few mثmuteA. In
each solutlon, alx potent1el-cumrent،dens1ty reletlans (on
A± electrodeA and solut±ona) vere #eaaued; the reeults
were ±eproduc4ble t5 ±+5 mV At Teryl0 anodc polAr1sat-
1on, ths anodie poteatدel a ح1 not chAnge wth eurrent, and
a etatlanary potetدAl wa teasured n eaeH of theae solut-
1ons. Theee stat1onary potent1ala are g1ven 1n Table (1)
togetler wth tHe pL weluea o£ ±hs d1fferent solutlons.

?Mature of anode ±eActionو««د«،وسو،«،،د«1 ه 

The atat±onAry potentlals ±epresent, or at
1eAet cl0eely Approach, the revers1ble potent1els for the
reAct±1an teking plece At the anode. 7e cAn, therefore, '
defا the nAture of thls reActian by compar1ng the exper-

ea atationary poteat4als wr±tA tAe theorot4ce1د oua,(#هممة 
walueA for all poaalble reaet1ons 1mvolvذnE lead nد alLellne
solutlone'

2THe folloذag oxdation react1ons have beeA
Buمgeatsd as balng the most pzobabla to oeour on the Durfaoe
o± the lead anadeو 

R +لإير +2 tor ¥ه ح٤ 0.562- ج (1)

٤} (at pH 14 anA 25 °)
(٦HE)

F6 +2 oE P٥ ب + H,0 +2 ( ه-0.580 ج(

F٥ +3 oA ;AR0 بب +H,0 +2e ،-0.540 (3)
R٥ +4 ٥E + Fb0, +2 h,0 +4e -0.166 (4)
The atanaard potentذAls E} for the 'abore ±eeet4oa, at un±t
ydroxyl ±on aot±rو'ذ are calculated fro» the Dtandam free
enome Rereat عذa ه4 ممهده£ )ة' ع وفخ proauste, 0A. an0ق ي±٠ .

Sيnce the standard potentذels are l±ttle Atfected
by teperatugأ , tHe above walues Ayح. be telren aa the staiaEr4.
potentuAls at 30 90. In Fi£. (1), the observe potentials are
plotted aa a funet±om 0£ the pA relue 04 the solut±on.' %He.
dottea l1nes repreaent the theoret±cAl potential / pH relations
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or the oxlaatlon react1ons saggested Above. These are
0mawn an the bssie thet the potential waries with pH by
the Aaصe gradlen8 as that far the Iydrogen electzode
(60 ٥Y a± 30 °c It is clear frou Fig. (1) that the
experiental potentiAl / pH relat1on coذncides with that
٥± tbe Pb / Pb0 couple, ±ndieaذة n3 that th anode reaot­
on 1s ±epresented by eguatfo (2). The؟ oxde dissolveA
as plmmbite blrouch the eetien of 0H ions, with ths
result t ما tعط electrode awن ?fAce rerAim aetive.

eAgt±gج٤ gي@ ap g£ g2 .م هطيضل
٥ا د،د،»«د«د«د،،،د«،

The d4.Ecussion mAde Bo far 1ndicateA 4hAt
.tb 0epGtertذAl (dfferenee between the potentiAl
measred at a given current deNAity and the statlonary
potential) at the lead an0de 1s associated with the
format1on ٥£ Pb0. The mechAnisT of the reAction cam be
eluc1dated fron the obeerved parareters and chAraeter1s­
±4cs ot orerpobentl. 'These are auصaerlzed below:

}g]-1gg.gurrenلإ ggtepyج lppg.gf gye${و(. 
 »«،دي ا»د،د»»»د»»«،د«»«د، د،،،»

dengi ty. re]a±±يnد ;
 ا«»ا ،»،ي،،

TH ma wues'b£ owerpotent1al,37 were و
plotted aعA4nst tHe l0amitHm f tHe current denety;
aome representat4re relat4@s (wh1oh are usually called
Tafel luعes) aMe 1ven nذ Fig. (2). Tt sذ elear tHat tk
Tafel lد ea exhbit a linear logarbhdc prb, mhe aد
waluss of the sl0Es 0f these parts Amopnt to 28.34 m٧
(aee Pable 1)،

[bL. e 2ح elegtzgR ;uber ح
 ،«»د،د،«،،،،«

he1s the number of elactrons requred to؟ 
coplets one aet of tle nate-deterining atep.، mThle
premeter 1s calculated from the excHAnge cumrent o£ the
3afel lهذ e, 1 and و the slope of the overpotent1al.-current
&ens4ty relAtion eنt lot valuee 0f7; the expreasion for the
cleetroi number, :s ,ا1

٤

٨= (RT٤ (p« ذه()ق3 (5) د-"٥2
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Emanmple٥ 8f tle relationa etvreen % and curent density
at 1ow anodie polariaatioa sure 3how ± T1g. (3): The
slopes of Euch relation, t05Etler vith tle exchanEe
current for lo 8ifferent Tefel؟ 11mea .and the calcwulated
walues for the elActron number, ar> Give i 'Table (1).

T٤ 1A obvious 0cr1 Tebl (L) that the exper­
irnental walues f) nre vez%; nieaI t oن 4. This walue i
peculier, since oa ths baeiد ،£ %le stationAry potentiala,
the oLdation to tle tetrEv-.lent 'state 1s excluded.

Reconcillatlon bebween the d1ssolut1on of
lead as plumbite And the doubled walue of the electron
mصu ber cAn be made by aasumlng that the 'surface lead atoms
exst (or at leaot partic1pata 1n electrochemical reActlor)
a٥ d1atoilc molecules. A analogous .Asumption bae account-.. o
ed 8t4sfeetor1ly £or the cthoa39ح ) end anod'' Behav1our
0£ tellur1 ana t3ص ±).

(g) egt±£ ي g£ pE gn. gyeRpgteRtyE  ولإ
 د«دود،د دلا،

oe 0f the important meAns whlch help to
d1st1ngu±sh between the &14£erent posaible mechanisrt is
bhe dependence of overpotettlal, at a constant current
dena1ty and temperature, on the pH of the solut1on. The
overpotentiAl of lead anodes we foud to b almost in­
dependent of tFe alkal1 concentrat1on, as 1e clear fTom
Tab1e (l), nذ wh4eh the welues o£ at 1o-2 ٨ e6ه,- eع e
glven. This behaviour 17ill glve a ind1cAtionص as to
whe ther the suboxde 1a oد dised anod1cally:

R6,0+2 OH- Fb0 ج2---- + H,0 +2  ه
o± undergoeA a self-axldat1on procosE:

2 Fb,0 ----+ 2 Fb0 + Rb,

(6)

(7)

EP±egt g4 eut ح a تعج ج .g ؤي gyeypgtegt1al3(4) ع
 دوا«د«د،««،««،دد،،،«

leutral. BElta affect the structure ٥£ the &ouble
layer at the anode-solution interface, and hence they effect
the concentration o£ oH that ج٧ interfece. It £ollda that
they Affect the velocity o£ +Ha »node ±eectlon. The effeet
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0f neutrel salts cen thus eت ist clucldat1ng لنز the proper
reaction mechan1sm. The؟ overpotentiAl mas measureA nذ
0.1 and 0.3 N solutions whicl conta exces1)د R) HA,S0ر .
mHe reaults icnte4& حذ tLat !!:% Te£el 1ine not فذ affected
by weutmal ealts, foI 1nstenنث , {he overpotentals et 1o-2
• e e- كرر رق the same as for te correspondi pune solutions
(seo able ؟ l). "7e comclud:،l tlet bhe e:prossion Tor 37 oea
not inclwde the zetA patentذ a1 ({).

o h ن lesi.a . ه t:he above wentioned feAtures
٥F overpotent1Al, the mechanisn 04 anodic dissolut±on 0f
lead allceline حذ aolut1ons "%ac 2oraulated as follqs:

$tep I: I», + 0: <٤ دؤج-، Fb,oIi +e (e)

5top tI: PH ٩ OA- F,0 ذؤلإ=م + H0+5)ت2( ه· 
Ste IT: : ±e. ,P ن وقلا +2 PB0 (10)

٥ 4
lieد ctio: (10) 1 the it••detc±uذn? step, sirce 1t regu1eB

s ecianis, the afel l1e sl0pe!د elecvzone. To confira tء 
is thcoretically deduoed ndه coLered mith the experimentally
oboerved walue5. Le veloeitles of the iffarent 6teps in
the anodlc d1rect1oi ere ±eRsrxed to ae 7, V andو , ا end  لا5
and 75 ±epreaent the velocitles of the fذrat two atep 1n the
cathodic direetlon. 31nce the veloc1ty of the reverse 0f
reaction (10) ,neslig1ble كذ the eneral ج exreaelo for the
overall ±ate is:

I٧ 1a
bصah 
(8).

٧-٧٤-٧٥-٧ =م لا٥
aasumed that nذ the eodie

atep I, aad hence, reacbion
It follows that:

 ولا(11)
directian, atep TI 1s faater
(9) is'0ج vemed by reactlom

٧٥=٧ )ة(
On the ther hAnd, step II 13 aasumed to be slaer hA step
I 1n the cAthod1c diection. Thus, reaetion(8) 1s ovemned ج
by reactlon (9), And eccordingly:

/
٧١2=٧ مع م،

Subst1tut1ns ٧ by }(er. e٥Aition ±±),
cond1tian 1), equatiom (ll) :educes to?

d ٢٦-٧-,٧=٥  نه في

 )خ±(
c4و(٠ by٧rه 

(12)
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It 1A inportant to mention tht 1f reactLon
(9) ia euf£1c±ently feEt in the .anodic direction, F,0H 1s
rapidly converted 1nto Fb,0, ith the result that the sur­
face concentrat1on of Rb,OHl 1s neGlected. o the bae4s of
a symetr±cAl energy barrie±, the rAte ",, which represents
the rate of the anode formation 0f Pb,,01و A iven by:

٧; = i,(1-x)[oL'J.1.e3(AN/2RT) = a(1-x) (13)
rhere lr, is the specifio meetio rate, , ه ia the electro-
cleai.cal 1ate cotAnt, : le: ا ا fxact1on of the surface
covered w1th Fb,0, (2-x) is the bare fraction of the metal
surface,[OH] . دج ia the activity £ ه hyةror1 4ons tha حذ
outer Helmholtz ًdoub2e leyer; andD4 ia the potentذAl d4ff
erence betveen the electrode and this Helmholtz layer, The
rate V, which rep±eeente the rate 0f cathodlc reductlon of
Fb4ن0, دذ, ven by:

(s/2mT) = a}(x) ٧ -لي )ع(مex +به-(14)
The rate of the self-oxidation process (±eaction 10) is:

7 و= )ه(و+ ء )ة(,ه(15)
The steedy Atate eorresponding to e constant eoveraGe, cuzد enb
and potentذal, 1s repreeented by eو uat1on (12). 'The Eelf­
ox1detlan process govezns the dlseolution of lead uder the
conait ,(D± رمد

 ,ه( >)ية+1o وه(15)
irom equationa (12)- (16), the total eurface covenage becones:

==٥٦/ (a17)+(٦ )مة، /
Uuder cad4t1one wHen & ±a much allerه than ,, ه

r= e5=k/٥ ر / 1.ea(4#E/m).[om] يا (a)
The net enodic curent is 1ven by:

(e«aAk/m رو ٤ د+Fv و=o 4E]&ا'»,ا[ ر.•1)
The tafel line alopa aeeozaing to eguetion (l9) 1s 0.03 V'at؟ 
30 00, 1 aEreement 1itt t': peTiental velwos.

Equatiت n (2;) 5Etifiea alao tHe eguireLnent د thAt
tLe overpotential is ±i1eyeIitlwid 5f the a2'-ali caicentzation.
"u vee1eA ة1 ف هء y ة ti دغاه . نقذنا«ا]9 ي.و[ by [0]e=4TN/aT,
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(where [OH] ±A the OH eoncentretion 1n the bull of aolut-
1.on), anda4by ( ,( ا-%+}ة (vhereaPls the reversible

'٠٣ ٤
potent1al 1n the g1ren solution), :Thus؟

)(oH]exo«2U3/RTex(2({ +7-[M/EN[4 د٤
and henee,

(

3

3= eonat. + (RT/31n4 - (RT/r)1n [oA-] - # ه
51nee = ج}6 - E,{ف (RT/F)1n [oI], itis clear that ata conatantr
c u rontع denity,= constant.
Te abaence of (from equatlon (21)
facv that add1t1on of neutral salta

accounts also for thA
brlngs about no effect

on the overpotentذAl.

Der±vatian of the mate equAton on the baa±s thAt
the subox1de is ox1d1sed anodically (reactlon 6), 1esds to the
e2preEsion?

? =const. + (NT/2F)L -(1.5NT/)1n [oH]- # ن -
res tAat addit1on 0f excess neutrAl salذ a relatloxsh1p reguذ Th؟ 

( wh1ch cAuses { to approach zero), ths overpotentذAl decreAA€
30 m for ten-fold 1nereAee of the allaal4 concentret1on.' Ex­
perlment shomed tbAt 7 remA1ned pract1cally conatant nد 0.l
and 0.3 N MeOE conta1n1ng excess neutral salts (cf. Teble l),
TH1a result supports the ael4-ox1dat1on mechAn1a.

3. Heat of act±vation:
 »««د««»»،ج٥ ««د»««»

The heat of activat±on, AH; oR the anode react1or
at the reverslble potentlel can be evaluated fra the effect
of temperature on the eRchane ourrent; 'the express1on being:

a10G4/atn-!) - -٥#2.303R (2
The overpotential waaa, therefore, meAsured at 20, 30, 40 and
50 90 4n 0,5, 5 and 10 I soluنt ions. F4g. (4) ahows the "Tafe1
11nes at d1fferent temperatuzes for the 10 I aolution. The

values 0f log1 for ج the d1fferent solut1ons are plotted
against 1/ 53 F1g. (5). It s ذ obvious that the exchenge
curRent is almost unaffected with temperature; thls means that
the heaتt of aet.1vat1on 1a eawal to aero. 'Ihis result can be
under5tood ±n the 1tclt or t! theory o absolute reectlon
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es theصذ ates, wh1ch ahows that tHo parameter that determج 
٩٠reect1on mate 1a the fee energy of activAtion 8G, and noتt 

٥R Since = ك H"- TA5; the value ofaH% end conseguently,
the· و terperature affeci on 1,, dependa am the value of٥S.

٥ w
In the cAse under cansideration, Sa ه evldently negatire,

and• #م 1ta numerlcal velue i5 5ucn tlAt 'TaS؟ compensetes for
» « ٣٥, i٠٥٠,٥G = -TA5, and cccorlindlY AH= 0. It 4a ±eeson-

·Ule tHat the Foivation of tue activated complex (rb,0)ؤ 
1':ou tvrن Rb,0 eztitiea is suoapanie Wy decreaee 1n th

،order o4 the system, and bence, AS' 1s regatfre, Tabl٠(2)ه 

4 PEEg±yلإ ty. g£ 1Ea4  و
 «««د««»««، ددو،د،،ا

Hlen the curren denaity ±s eucb thAt the 2ate
of fomat1on o4 plumbous ode excees tHe rate of its chem­
ical &1ssolution, the potentذAl 1aas found' to rise ±p4dly,

Th ourrent denAity atLowlng tendoncy tomrds pseairltyه٠ 
1lch pdaa1r4ty oecured, neReasadذ as the concentrat1on of the
alkal4 lydrorlde was increased.

SUالARYs
 ««د««د

mhe potentAl oF tbe lead anode ras reaBuned As
a functlan of current denalty in 0 l ء -10 N NeOH aolutions at
20 - 50 %0.

he qverpotentAl 1s 1ndependent of pH 1n pure
solutlons aA well as 1n solut1.ons conttning 6xcess aeutral
aelts. From tba electron numbsr vAlue ،(4), 1t ms suggested
thAt the aurface leed atoma exlAt as d1Atorlc molecul.eA. A
Buboxd (Ro,0) ±a f1rst foraed, mhlch undergoeA self-oxAat-
4on ta Fb0. Thla latter step govems the ovemall reAction
ate. The effect of teuperature ms'alao 1mvestigeted. Theج 
excHanga current ±6 almaAt w ffecteaمص mith tempersture; thig
means thAt the heAt of Act4wtion4s egual to aero.'.
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