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Summary 

The kinetic behaviour of the PbOz electrode is determmed by three 
reactions (1) deposition/dissolution of lead dioxide, (11) changes in the 
stoichiometry of the oxide, especially by mcorporation/dissolution of hydro- 
gen, (111) anodic evolution of oxygen 

Immediately followmg commencement of current flow the stoichiom- 
etry-changing reaction predommates, because, we postulate, the proton 
transfer across the Pb02/electrolyte phase boundary is almost unmhibited 
Investigations of the kinetics of this reaction have therefore been carried out 
by means of current pulse measurements. Under appropriate conditions the 
current m the stationary state is used for Pb02 deposition/dissolution only 
Current-overvoltage curves for these reactions have been obtained from 
measurements with thin PbOz layers, where the stationary state was reached 
quickly 

Zusammenfassung 

Das kmetische Verhalten der Pb02-Elektrode wud durch drew Reak- 
tionen bestimmt. (1) Abscheidung/Aufldsung von Bleidioxid; (n) Anderungen 
der Stochiometrie des Oxids, msbesondere durch Embau/Ausbau von Wasser- 
stoff, (111) anodische Sauerstoffentwicklung. 

Unmittelbar nach Begmn emes Stromflusses uberurlegt die Stochio- 
metrieiinderungsreaktion, da der Durchtritt von Protonen durch die Phasen- 
grenze Pb02/Elektrolyt fast ungehemmt erfolgt. Deshalb smd Untersuchun- 
gen zur Kmetlk dieser Reaktion mit Hllfe von Stromunpuls-Messungen 
ausgefuhrt worden. Unter geeigneten Bedmgungen dient der Strom im 
stationaren Zustand nur der Pb02-Abscheidung/AuflSsung. Stromspannungs- 
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kurven fur diese Reaktionen wurden durch Messungen mit dunnen PbOz- 
Schichten erhalten, bei denen sich der stationare Zustand schnell emstellte. 

Introductron 

If a constant anodic current is applied to a lead dioxide electrode m a 
perchlonc acid electrolyte, a contmuous rise m the electrode potential, epbo,, 
from its equihbnum value, eho,, to a stationary value (+,&tat is observed. 
The mitral rise (durmg the first milhsecond or less) is determmed mamly by 
the charge of the double layer, durmg this period of time a substantial part 
of the net current is capacitive. 

The subsequent potential increase is mamly determmed by concentra- 
tion changes on both sides of the PbOz/electrolyte phase boundary. For 
appropriate conditions - namely, acid electrolytes which are stirred well and 
current densities which are not too high - the concentration polarization 
arises almost completely from changes m the stoichiometnc composition 
of the oxide electrode [l]. The mam electrochemical reaction involves 
the dissolution of hydrogen from the oxide, since mterstitial protons and 
quasi-free electrons are the mam defects m PbOz [2 - 41 The overvoltage, 
(c PbO,htat - 6b02, which is measured m the stationary state, must be 
accepted as being due to changes of the hydrogen concentration m the solid 
state. 

With increasing positive polarization further electrode reactions become 
evident, z e , the anodic deposition of lead dioxide (where the electrolyte 
contams Pb2+ ions) and the evolution of oxygen In the stationary state 
the stoichiometry changing reaction has come to rest, with regard to the 
proton transfer reaction the electrode is virtually m equihbnum. In the case 
of a relatively low overvoltage, and a sufficient Pb2+ concentration, the 
apphed current IS associated almost completely with the Pb02 deposition 
reaction 

With regard to the deposition of the oxide components, lead and oxy- 
gen, the measured fpbo, value has to be considered as a mixed potential. The 
quasi-equihbrmm potentials of lead and oxygen are situated higher and lower 
than EPbO,, resulting m a negative transfer overvoltage for lead and a positive 
one for oxygen, so that a cathodic lead and an anodic oxygen partial current 
become possible This problem and the corresponding one for negative 
polarization of the Pb02 electrode have been discussed m detail m previous 
papers [ 5,6] Two cases are of special interest when discussmg current- 
overvoltage curves 

(1) The curve which describes the mitral current-overvoltage behaviour 
of the Pb02 electrode when negligible concentration polarizations have 
arisen This would show the kmetic behaviour of the proton transfer across 
the oxide/electrolyte phase boundary 

(11) The stationary current-overvoltage curve descnbmg the rate of 
deposition and dissolution of Pb02 as a function of the measured potential 
epbO,. From this a corresponding curve for the transfer of lead ions may be 
denved by makmg certam assumptions 
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Theoretical considerations 

The kmetlc behavlour of the PbOz electrode can be described by the 
three reactions which are possible when the electrode 1s m contact with an 
acid Pb’+ electrolyte [l] : 

(1)Anodic deposition or cathodic dissolution of lead dioxide according 
to the followmg equation (depowtion from left to right; dissolution: from 
nght to left) 

Pb2+(aq) + 2H20 = Pb02 + 4H+(aq) + 2e (1) 

This overall reaction may be divided mto two partial reactions For Pb02 
deposition we have the cathodic partial reaction 

Pb’+(aq) + 2e = Pb(m Pb02) (la) 

and the anodic partial reaction 

2H20 = 20(m Pb02) + 4H+(aq) + 4e (lb) 

This has been discussed in detail m previous papers [ 5,6]. 
(11) Changes m the stoichiometric composition of the lead dioxide This 

reaction occurs particularly by cathodic mcorporatlon of hydrogen into the 
oxide (eqn (2) from left to right) or by anodic dissolution out of it (eqn (2) 
from nght to left): 

H+(aq) + e = H(m Pb02) = H+(m Pb02) + e(m Pb02) 

(m) Anodlc evolution of gaseous oxygen: 

(2) 

H,O = i O,(g) + 2H+(aq) + 2e (3) 

Dunng this process the Pb02 electrode works as an inert electrode 
If a current 1s applied to the lead dioxide electrode, it is, m effect, 

divided mto three parts, correspondmg to the three reactions eqns. (l), (2) 
and (3). The net current density, Inet, is denved from the partial current 
densities Ipbo, (Pb02 deposition/dlssolutlon, eqn. (l)), zg (stoichiometry 
change, eqn (2)) and zol (oxygen evolution, eqn. (3)). 

zn,t = ZPbo, + 16 + lo2 (4) 

Consldermg the partition of Inet, the followmg general statement can be 
made on the basis of the results of previous mvestlgations [ 1,7,8] Immedl- 
ately after commencement of the current flow, lg predommates because the 
transfer reaction of the protons across the Pb02/electrolyte phase boundary 
is almost unmhlbited The kmetics of reaction (2) is determmed mainly by 
the preceding or the subsequent diffusion processes. Using a solution with a 
high concentration of H+ ions or an appropriate buffer system, the diffusion 
of the protons wlthm the oxide is rate-determmmg. The electrons, which 
have to diffuse together with the protons, are always m local equlllbnum 
because of their high concentration and mobility [ 4,9]. 
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With contmuous current flow an mcreasmg change of the stoichiometry 
at the PbO$electrolyte phase boundary occurs, which extends mto the 
interior of the solid phase. This stoichiometry change is associated with an 
increasing deviation of the measured electrode potential epbO, from its equi- 
hbnum value e&o, (Fig 1) For applied current densities up to about 10 mA 
cm-’ the transfer overvoltage of reaction (2) is neghgible; the course of the 
electrode potential epbo, is determined only by the stoichiometry change m 
the oxide near the PbOJelectrolyte phase boundary 
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Fig 1 Schematic representation of the varlatlons m the PbOz electrode potential and m 
the current densltles ZPbO, (PbOz deposltlon) and 16 (stolchlometry change) with time for 
the case of a constant anodlc net current density lnet 

The drivmg force for reaction (1) and also reaction (3) becomes greater 
with increasing value of epbO, - eIfbo, The theoretical conception underlying 
the connection between transfer and concentration overvoltages of the 
partial reactions (la) and (1 b) and the measured overvoltage epbo, - e;tbO, has 
been discussed m detail m another paper [ 51 If epbO, deviates from E&,~, m a 
positive direction, increasing partial current densities zpbo, (PbOz deposition) 
and zo2 (oxygen evolution) result, for the corresponding deviation m the 
negative sense, zpbo, (PbO? dissolution) becomes greater. If a constant current 
density, I,,~, is applied to the electrode, z6 has to decrease correspondmgly 
because of eqn (4) 

Depending on the thickness of the PbOz layer, a stationary state is even- 
tually reached which is characterized as follows: is is equal to zero, zpbo, IS 
constant, and the stoichiometry of the oxide has changed completely to a 
new value. 

These considerations give rise to the following equations: Immediately 
following commencement of a constant current flow (assuming that the 
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double layer is already charged) the followmg relation 1s a valid approxi- 
mation 

(z&t, = 16 (5) 

For the stationary state we obtain from eqn. (4) 

(hledstat = bbo, + lo* (6) 

For the case of medium net current densities (znet < 10 mA cm-2) and rela- 
tively hzgh Pb2+ concentratzons (cpbz+ > 10e2 mol 1-l) zoI 1s smaller than zpbo, 
because of the hzgh mhlbztzon of reaction (3) [ 10,111 and may be neglected 
For this case eqns. (4) and (6) may be sunphfled 

znet = zPb0, + z6 (4a) 

(z&stat = zpbo, (6a) 

The varzatlons of zpbo, and z6 - correspondmg to eqn (4a) - are shown m a 
very schematic way m Fig. 1 for the penod of tune between commencement 
of the net current flow and the statzonary state. 

Experimental technique and measuring equipment 

Stationary current-overvoltage curves of the Pb02 deposztzon and dzs- 
solu tzon 

The stationary current-overvoltage curves have been measured using 
thm layer PbO, electrodes m Pb(C104)2/HC104 electrolytes with dzfferent pH 
values and dzfferent Pb2+ concentrations The measurements have been 
carrzed out m such a manner, that lead dzoxzde layers on platinum electrodes 
were deposited anodzcally and dissolved cathodlcally with a constant cur- 
rent Because of the thmness of the oxide layers, stationary over-voltages 
were measured after a short time compared with corresponding measure- 
ments for thick PbO, layers where the stationary state 1s only reached after 
minutes or hours 

The measurmg equipment 1s shown schematzcahy m Fig 2. The mea- 
surmg electrode (ME) was either a rotating platmum disc or a fixed platmum 
sheet, the reference electrode (RE) was a lead dzoxzde electrode m equzhbn- 
urn with the electrolyte The measurements were carried out at a tempera- 
ture of 25 “C (298 K). In the case of the fuced measurmg electrode the 
solutzons were well stzrred. 

At the begmnmg of each expenment the measurmg electrode was 
covered with a thm lead layer which was anodlcally removed using a galvano- 
stat Subsequently, the whole platmum surface of the electrode was covered 
with a compact lead dioxide layer If the Pb02 deposition was carrzed out at 
a low current density, the electrode was mztlally covered with a Pb02 film 
formed by a sequence of three overvoltage pulses (e - E&,~, = 500 mV; dura- 
tion 0.1 s; frequency 0 3 s-l) before the constant current flow was started. 
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Fig 2 SchematIc representation of the experimental set-up for stationary current- 
overvoltage measurements 

After a certam period the current was interrupted for about one hundred 
seconds. A constant cathodic current was then apphed to the measurmg 
electrode, redlssolvmg the oxide deposited on the platinum base. During 
this succession of anodic current, zero current and cathodic current penods, 
the electrode potential of the measuring electrode was measured against the 
reference electrode. 

Current pulse measurements 
The measurements were carried out usmg compact, disc-shaped lead 

&oxide electrodes which were prepared by anodlc deposition from a solu- 
tion of the composltlon Pb(NO& (0.4 mol 1-l); concentrated HNOs (20 
vol%), pH = -0.3 [ 11. The oxide was deposited at room temperature onto a 
graph& disc substrate at a current density of 10 mA cmm2 When the depon- 
tion was complete, the Pb02 layer was removed from the graphite base and 
the samples formed into the required shapes. One sample was fitted with two 
contacts on one side, and another was fitted with one contact, as shown in 
Frg. 3. The two samples, together with their contacts, were cast mto an acld- 
resistant polyester resin to form a single block contammg the measurmg 
electrode and the reference electrode 

The measunng equipment 1s shown schematically m Fig 3. Using a 
pulse galvanostat, short current pulses (10 fis - 1 ms and up to 350 mA cme2) 
were applied to the measuring electrode. The electrode potential of the mea- 
surmg electrode was potentlostatlcally controlled up to the instant before 
commencement of the current pulse. The variation of the potential dlffer- 
ence between measurmg and reference electrodes, U(ME/RE), v&h tune, 
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Fig 3 Schematic representation of the experlmental set-up for current pulse measure- 
ments 

before, durmg, and after the current pulse was recorded by a storage oscillo- 
scope. The evaluation of pairs of faradaic current-overvoltage values from 
these curves IS discussed m the followmg section 

Evaluataon of faradalc current-overvoltage paws for the proton transfer 
across the Pb02/electroly te interface 

The potential behaviour of the PbOz electrode at the commencement of 
a current flow - when the faradaic current is associated almost completely 
with the transfer of protons across the oxide/electrolyte phase boundary - 
may be represented by the equivalent circuit shown m Fig. 4. In this circuit 

C 

cIR(MEIREI - qC - $7 - ‘16 - 

Fig 4 Equivalent clrcult for the mltlal current-overpotential behavlour of the Pb02/elec- 
trolyte phase boundary (abbrevlatlons are explamed m the text) 
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the transfer resistance, corresponding to reaction eqn. (2), 1s denoted by the 
symbol Rt,, and rZtr is the corresponding transfer overvoltage. 2, and 26 are 
complex impedances affecting the build up of the concentration overvoltages 
qc and r16 during contmuous current flow. 7, is the overvoltage due to a 
changmg H+ concentration at the electrolyte side of the mterface, T,J~ denotes 
the overvoltage which arises from the changing stoichiometnc composition 
of the oxide close to the surface 

The potential difference, which is measured between the PbOz mea- 
suring electrode and the reference electrode when a current 1s flowing 
through the cell, is given by 

U(ME/RE) = U*(ME/RE) + ZR(ME/RE) + 77, + r),, + q6 (7) 

In this equation U*(ME/RE) means the voltage U(ME/RE) for the case of 
zero current equihbnum; U*(ME/RE) is equal to zero if a PbOz reference 
electrode is used. ZR(ME/RE) denotes the loss m voltage arising from the 
part, R(ME/RE), of the electrolyte resistance between measunng and refer- 
ence electrodes. 

For an appropnate choice of the electrolyte and for a very short 
current pulse the concentration overvoltages nc and q6 are still small and 
may be neglected compared with ntt. For this case a snnphfied equivalent 
circuit may be used as a basis (Fig. 5) A constant net current, Inet, whrch 
starts to flow at to and which is mterrupted at t,, is divided mto two parts, 
as shown on the left side of Fig 5. the capacitive part, Z,, chargmg the 
double layer with its capacity Cd, and the faradarc part Ztr flowing through 
Rt, and being connected with the electrochemical reaction eqn (2). 

Z net = Ic + It, (8) 

For t = to the faradsuc part is still equal to zero 

Z Z, net = (for t = to) (2) 

After interruption of the net current at t = t,, the double layer is discharged 
mternally by a continuous flow of Ztr across Rt, (right side of Fig. 5) and the 
followmg expression is vahd: 

It, = -I, (for Znet = 0) (10) 

between 1, and 1, after t, 

Fig 5 Slmpllfled equivalent clrcult (wlthout the ohmic resistance of the electrolyte) 
Du-ectlons of the capacbve and the faradalc current for the cases with, and without, 
external current flow (ahhrevlatlons are explained m the text) 
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Fig 6 Schematlc representation of the varlatlon of the overvoltage of the PbOz elec- 
trode U(ME/RE) with time before, durmg, and after, a current pulse (abbrevlatlons are 
explamed m the text) 

Figure 6 shows, schematically, the varratlon of U(ME/RE) with trme before, 
durmg, and after, the current pulse. The rate of change of U with time at 
time t is determmed by Cd and I, and IS given by. 

dU t-1 - I,(t) . 

dt t Cd ’ t 
(11) 

Using eqns (9) and (11) the double-layer capacity of the electrode can 
be calculated. 

I 

Cd = (dU;:QtO (12) 

Assummg that Cd IS constant between U(t,) and U(&), the faradalc part of 
Inet may be calculated for each moment, t, between to and t, using eqns (8), 
(11) and (12): 

&rtt) = Inet - Cd t 
(WWt 
WJIWto I (for Cd = const ) 

(13) 

(14) 
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Using these It,(t) values and the correspondmg U(t) values a current- 
overvoltage curve for the mcorporation/dissolution of hydrogen into or out 
of lead dioxide may be determined. If the approxunation Cd = constant is 
not used, e g , for higher values of U(t) - U( to), the partition of the net cur- 
rent may be calculated for the moment t, using the rates of change of 
U(ME/RE) with time the instant before and the mstant after mterruption of 
the current, (dU/dth_ b and (dU/dt)te, *. 

The points correspondmg to these two slopes differ only by the 
ohmic voltage drop IR(ME/RE), as can be seen from Fig. 6; the overvoltage 
qt, is equal for both pomts The current across R,, - I.e., the faradwc current 
of the proton transfer reaction -, therefore, is also the same immediately 
before and after mterruptlon of the external circuit; it is denoted as I&&.) 
and from eqns. (10) and (11) it follows that 

It A te 1 = -Ie(te, a) = -Cd z 
i 1 te.a 

(15) 

where I,( t,, a) = capacitive current the instant after interruption 
For the partition of Inet at the moment t, the followmg expression is 

obtained using eqns. (a), (11) and (16) 

I net = Ic(te, b) + ItAte) 

with I,( t,, b) = capacitive current the instant before interruption. From eqns 
(15) and (16) one gets 

(17) 

Using eqn. (17) Itr can be calculated, without knowmg Cd, from the rates of 
change of U the instant before and the instant after mterruption. The corre- 
spondmg qtr value is given by U( t,) - IR(ME/RE). From a series of such 
current pulse experiments with mcreasing durations the current-overvoltage 
curve can be obtamed. 

Results of the measurements and discussion 

Stationary current-overvoltage curves of the Pb02 depose tgon and dmsolu taon 
Figure 7 shows the variation of the electrode potential of the measuring 

electrode dunng a measunng cycle (as described earlier) with an anodlc and a 
cathodic current density of 2 mA cm-2 usmg an electrolyte solution of com- 
position Pb(ClO& , c = 0.3 mol l-l, HC104, pH = 1. 

The anodic current flow was started at t = 0 s When the mitial lead 
covering had been completely dissolved from the platmum surface, the 
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Fig 7 Variation of the measuring electrode potential during a measuring cycle with a 
constant anodlc and a constant cathodic current density of 2 mA cm-* 

electrode potential increased within about 2 s from its early value near the 
equihbnum potential of the lead electrode to a value of e - E&,~, = 350 mV, 
followed by a decrease to a stationary value of (epbOJstat - E&,~, = 260 mV 
within about 10 s The initial potential peak may be understood as overvolt- 
age for the formation of PbOz nuclei on the platinum surface 

Following the end of anodic current flow an overvoltage transient was 
observed correspondmg to zero current stoichiometry relaxation of the 
oxide to its equihbnum value. With a cathodic load of the deposited PbOz 
layer the electrode potential reached the stationary value (ePbOJstat - E;$~, = 
-90 mV after about 10 s The end pomt of the PbOz dissolution was mdi- 
cated by a sharp fall m the potential of the current loaded measurmg 
electrode. 

From such a measunng cycle two current density-overvoltage pairs 
were achieved one pan of values for the stationary anodic deposition and 
one for the stationary cathodic dissolution of PbOz. From such values the 
stationary current density-overvoltage curves were denved Further, the cur- 
rent efficiency of the PbOz deposition could be confirmed by comparmg the 
time duration of anodic deposition with that of cathodic dissolution of the 
oxide. The anodic current density-overvoltage curves of Figs 8 and 10 
correspond to current efficiencies between 95 and 100% 

Figures 8 and 9 show the results of measurements using Pb(ClO&/ 
HC104 electrolytes with a Pb2+ concentration of 0.3 mol 1-l and pH values 
between 0 and 3. The Figures show that for a given current density the 
amount of epbo, - E&,~, (where E&,~, denotes the Pb02 equihbrmm potential 
m the respective electrolytes) increases with mcreasmg pH value, both m the 
cathodic and m the anodic case. If, for a given pH value, the amounts of 
the overvoltages for equal anodic and cathodic current densities are com- 
pared, the curves show that the deposition of Pb02 occurs at much higher 
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Fig 8 Stationary deposltlon of PbOz current density-overvoltage curves for Pb(ClO&/ 
HClO4 electrolytes (cpb2+ = 0 3 mol 1-l) with various pH values (pH = 0, 1, 2 and 3) 

Fig 9 Stationary dLssolutlon of PbOz current density-overvoltage curves for Pb(ClO&/ 
HClOd electrolytes (cpbz+ = 0 3 mol 1-l) with various pH values (pH = 0, 1, 2 and 3) 
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Fig 10 Stationary deposltlon of PbOz current density-overvoltage curves for Pb(ClO&/ 
HCl04 electrolytes (pH = 1) with the Pb2+ concentrations 0 1 mol 1-l and 1 mall-1 

Fig 11 Stationary dlssolutlon of Pb02 current density-overvoltage curves for Pb(C104)2/ 
HCl04 electrolytes (pH = 1) with the Pb2+ concentrations 0 1 mol 1-l and 1 mollW1 

overvoltages than the correspondmg dssolution of the oxide. The same 
tendency is shown by Figs. 10 and 11, where the ano&c and cathodic sta- 
tionary current density-overvoltage curves are shown for two Pb(ClO,),/ 
HC104 electrolytes of the same pH value (pH = 1) but with different Pb2+ 
concentrations (1 mol 1-l and 0.1 mol 1-l). 
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Inatlal current-overvoltage curve of proton transfer 
In order to optimize the proton concentrations on both sides of the 

phase boundary - z.e , both m the oxide* and m the solution - and to delay 
the appearance of the concentration polarizations qc and ~6, the lead ace- 
tate/acetic acid buffer system (Pb(CHsC00)2, 1 mol l-i, CHsCOOH, 1 mol 
1-l) with a pH value of 3.8 was chosen as electrolyte for a first series of mea- 
surements. The results of these measurements are represented m Fig. 12 
showing the current density-overvoltage curve for the incorporation and 
dissolution of hydrogen mto or out of the PbOz electrode, respectively 
From Fig 12 an exchange current density lo, equal to 30 mA cm-’ and a 
symmetry factor of about 0.5, results The double layer capacity of PbOz 
electrodes in this electrolyte was measured as about 60 PF cmm2 at the 
equllibnum potential E;$~, 

IlmAcm” PbiCH,COOl, ..3@3 i 

A 
1 md P 

CH,COOH 

1 mod 

pH 38 

Fig 12 Incorporation and dlssolutlon of hydrogen mto or out of PbOz current denslty- 
overvoltage curve for a lead acetate/acetic acid buffer electrolyte 

Discussion 

The current-overpotential curves confirm that there are two mam pro- 
cesses occurrmg at the PbOz electrode at different rates. The stoichiometry 
changing reaction, which we have associated with a proton transfer across 
the interface, determmes the mitral kmetic behaviour of the oxide because 
the rate of transfer is high. Soon after the beginning of current flow the 

*The concentration of mterstltlal protons m Pb02 depends on the pH value of the 
electrolyte bemg m equlhbrlum with the oxide The concentration m the solid phase 
Increases with decreasing H+ concentration in the solution [ 4,12,16 ] 
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transport rate and, hence, the overall reaction, becomes limited by diffusion 
processes, especially withm the solid phase [ 171 

For potentiostatic conditions, z e , if a constant overpotential is applied 
to the electrode, an mitral high current peak is observed which decreases 
rapidly to a much lower stationary value [ 1,8]. The rate of this stationary 
reaction - the deposition or dissolution of Pb02 - is much smaller than that 
of the mitral reaction, as a comparison of the current-overvoltage curves 
demonstrates Under galvanostatic conditions the stationary process becomes 
possible, because the first process has changed the oxide stolchiometry and 
through that has substantially increased the overvoltage 

From this it follows that each pomt of a stationary curve represents 
another stoichiometric composition of lead dioxide, m contrast to the cur- 
rent-overvoltage curve of the proton transfer reaction Associated with the 
stoichlometry changes are the changes m the chemical potentials of lead and 
oxygen. Therefore quantities such as exchange current densities or symmetry 
factors cannot be obtained from these curves Assummg that the transfer 
of lead is much more mhibited than IS that of oxygen, the stationary cur- 
rent-overvoltage curves may be regarded as current-transfer overvoltage 
curves for the deposition or dissolution of Pb2+ ions into, or out of, lead 
dioxide. Then the axes have to be transformed according to the mstructions 
1 = -lp,,Z+ (with I~*+ = lead partial current density) and epbo, - E&,~, = 
-rjpbz+ (with qr,,,z+ = transfer overvoltage of the Pb2+ ions) This problem has 
been discussed previously m detail [ 1, 51 

Fmally, it should be noted that, although current-voltage curves mea- 
sured with Pb02 electrodes m Pb(C104)2/HC104, Pb(BF4)?/HBF4 and 
Pb(N0s)2/HN03 electrolytes have already been pubhshed by various authors 
[ 13 - 151, these may not be compared with the curves of this paper. They 
were obtamed either by current pulse measurements using much longer pulse 
durations, so that the measured overvoltage already includes a significant 
fraction due to stoichiometry changes, or by usmg potential sweep measure- 
ments, so that they have a “quasi-stationary” character In this study we 
have made a umque analyszs of the potential/time transients over the first 
100 ~.ls. The transients measured by us, however, are not clauned to differ 
significantly from those measured by other workers using the same mea- 
surmg method and conditions 
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List of symbols 

Cd Capacity of the double layer 
I net Net current 
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IR(ME/RE) 
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4x& 

ho, 

ki 
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zpb2+ 
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(4let)stat 
ME 
RE 

t 

to 
te 

&ME/RE) 
U*(ME/RE) 

U(t0) 
U(k) 
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Capacltlve part of the net current 
Faradaic part of the net current 
Faradarc current immediately before and after mterruption of 
the net current 
Capacitive current immediately before mterruptlon of the net 
current 
Capacitive current lmmedlately after mterruptlon of the net 
current 
Voltage drop arlsmg from R(ME/RE) 
Current density 
Exchange current density 
Net current density 
Parka3 current density of PbOz deposltlon/dissolutlon 
Partial current density of stolchlometry change 
Partial current density of oxygen evolution 
Lead partial current density 
Net current density immediately after the begmnmg of a cur- 
rent flow 
Net current density m the stationary state 
Measunng electrode 
Reference electrode 
Transfer resistance 
Part of the electrolyte resistance between ME and RE 
Time 
Time at which the current flow 1s started 
Time at which the current flow is interrupted 
Abbrevratlon for U(ME/RE) 
Potential difference between ME and RE 
Potential difference 
rentless equrhbrmm 
U(ME/RE) at t = to 
U(ME/RE) at t = t, 

between ME and RE for the case of cur- 

Rate of change of U(ME/RE) wrth tune as a function of t 

(dU/dt) at t = to 

(dU/dt) the mstant before mterruptlon of the current 

(dU/dt) the mstant after mterruptlon of the current 



E 

EPbO, 

GiJO, 

@PbO,)stat 

rltr 

q.2 

qPbz+ 
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Impedance affecting the build up of the concentration over- 
voltage q, 
Impedance affecting the burld up of the stolchlometry change 
overvoltage 7j6 
Electrode potential 
Electrode potential of the PbOz electrode 
Equlhbnum electrode potential of the PbOz electrode 
Electrode potential of the PbOz electrode m the stationary 
state 
Transfer overvoltage of the protons 
Overvoltage due to changmg H+ concentration at the elec- 
trolyte side of the mterface 
Overvoltage due to changmg stolchlometry of PbOz close to 
the interface 
Transfer overvoltage of the Pb2+ ions 
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