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Fhe ntluence of chlonde wons on the electrochemical behaviour ol palladiom oxide Gilms grown m 2000 v o § M
HLSO, + 8 M HCHO < xo< 100 s mvestigated by means of voltammetry. rotating ring-disk and potential step technigues,

Both voltimmeic and current transients electroreduction data show thar the presence of Cl

fons docelerate  the

electroreduction of palladinm oxide films, The potential of the clectroreduction voltummertric peak increases with the
chilonide concentration. Cathodic current transients show current maxima related o the presence of a nucleation and growth
provess. The mechanism ol palladium oxide layer electroreduction can be interpreted through the formation of chloride-
contaning comples species which avours the electroreduction by decreasing the time needed 1o start the aucleation and
crowth ol the pew electroreduced phase. This effect iy achieved by the breakdown ol the anodie Tayer, The resulis e
discussed within the Trame of data previously obtaimed Tor perehlorate. phosplate and sulphate jon-contaming solutions.

The growth of thick palladium oxide films at high
posttive polentials can be achieved by applying fast
repetitive cither triangalar' ' or square” wave potential
routines,  They  can also be  obtained  under
potentiostatic  conditions”  though the  thicknesses
attwmned  under such are usually lower than those
obtamed by potentiodynamic routines, The structure
of the palladium oxide films formed at high positive
potentials has been described as an outer hydrous
oxide Tayer, usually denoted as [-layer. which grows
above an nner more  compact  anhydrons  layer.
usually denoted  as t-layer' . The growth of the
[-taver s accompanied by the electroformation ol a
reversible electrochemical svstem which s embedded
i the oxide matrix”.

Some atempls have been made using  ex-siun
methods, like XPS and UPS, to investigate the nature,
primarily the composition. of thin™" and  thick"
clectrochenucally formed Pd oxide Tilms. TEM views

. . il .
ol Pepalladiom oxide Nlms " indieated that this type ol

film exhibis o porous structure, Otherwise, AFM
nnaging showed the tormation ol o columnar-like
stracture of the palladium surface resulting from the
clectroreduction of the hydrous oxide laver’. The
appearance ol 31D structures correlates with
clectrochemical data dertved [rom current transients,
wlneh andicate that the  electroreducton  of - the
[i-oxide layer formed at relatvely high potentials can

ol acholzante it andpeda i

be described i terms of an instantianeous nucleation
and 3D growth process with nucler death™. One point
which s sull not ciear 1s how the electrolyte
composition influences the electroformation of the
palladium  oxide laver or its clectroreducuon. In
alkaline solutions the voltummeltric clectroreduction
of the B-layer tukes place at potentials lower than that
corresponding 1o the v-layer’. On the other hand. in
acid solutions the electroreduction potential for tie
f-layer depends on the solution pll. the potential
sweep rate and the nature of the anons present at the
oxidefsolution interphase™’ . In HCIO; or HPO,
solutions  the  palladivm  oxide  film  fayvers  are
electroreduced at remarkable less positive potentrals
than in H-SO; solutons, Furthermore, ot low pH the
clectroreduction threshold potential tor the cuter thick
oxide fAlm moves positvely as the S(');“ HSO),
concentration 15 increased. while at lagh pH o the
presence of SO.° jons do not exerl o major effect on
the voitammetric electroreduction of the palladium
oxide flm™" Electrolyte composition and pH- also
play an important role in the dissolution of the oxide
layer, which increases as pH decreases and anion
adsorbability increases”. Thus. it is apparent that the
clectroreduction ot relatvely thiek palladium oxide
liims is a complex process which might he strongly
nfuenced by the sature ol the anions present in the
solution.

This work examines the effect of T ojons an the
electraochemical behaviour o palladnom osade Tilms
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formed at relatively high positive potentials, Tt is well
known that CI' ions are strongly adsorbable on metal
clectrodes, and  posses the capuacity ol forming
aqueous metal. in the present case palladium'”,
complex species. Both features make C1ions suitable
for examining the role played by the oxide-anion
interactions during both the electroreduction and the
clectroformation of palladium oxide films. As base
clectrolyte, | M H.50, solution has been chosen as it
wlows a factle growth of the thick oxide film, and the
voltammetric profiles and the electroreduction current
transients exhibit a clear distinction of the different
electrochemical  processes involved  during  the
clectroreduction, Results are discussed in relation to
those obtained for sulphate, phosphate and perchlorate
on-containing solutions,

Materials and Methods

The working electrode was a palladium wire (],
Matthey Chem. Co.. Specpure) with i geometric arei
of about 0.14 ¢m’, The clectrode was electropolished
before each experiment using a  LiCl/methanol
solution””. After the electropolishing the electrode
was thoroughly rinsed with Milli-Q water and placed
in the electrochemical cell. The working solutions |
M H:SO, + v M HCI (0 < v < 107) were prepared
from Mercek (pa) chemicals and Milli-Q water.

The experimental routine consisted of” introducing
the ¢lectrode at E = 0.5 V 1o avoid interferences from
cither H absorption or oxide clectroformation. Then.
the potential was stepped 1o 2.0 Voin order to grow a
relatively thick palladium oxide film during a preset
time 1= 300 5. Afterwards, either a potentiostatic or a
potentiodynamic  routine  were  performed 1o
clectroreduced the anodic oxide film.
Voltammograms were obtained with a slow potential
scan at v =0.005 V s run between 2.00 V and 0.3 V.
This v value was selected as it allowed to separate the
current peaks related 1o the different stages of the
clecnoreduction of the palladium oxide film". Current
transients were recorded by stepping the potential
from 200 V 10 0.7 V. e a potential where only the
clectroreduction of the [f-oxide layer takes place. It
should  be  pomted out tha potentiostatic
meastrement was repeated five times and the average
value was tuken tor the caleulations

A rotating  palludivm-dise/gold-ring

cach

clectrode.
mechameally  pohished with 032 m aluning, was
Oecasionally  employed to - detect the formation ol
soluble during the voltammetric
electroveduction of the palluchum oxide layer. The

species

electrochemical  setup  comprises  a conventional
potentiostat — and  waveform  generator.  The
electroreduction  voltammograms  and  the  current
transients were recorded on a Houston Omnigraphic
recorder and on a model 1401 LeCroy oscilloscope.
respectively. RRDE  experiments  were  pertormed
using a type BI-PAD Tacussel bipotentiostat.

All the potentials in the text are referred 1o the
reversible hydrogen electrode in the same solution.
Runs were carried out under purified N.at 257C.

Results
Voltanmmetrie scans

The voltummetric electroreduction scan at v =
0.005 Vs " from 2.0 V10 03 V ol a palladium oxide
film formed at 2.00 V during 300 s in | M H.SO,
exhibits five current peaks (Fig. la). At ca. 14V
peak I appears which has been related to a lust
electrochemical system embedded in the thick oxide
matrix”, In the 1.3 V 10 09 V range the
voltammogram exhibits an asymmetric current peak
(I with a hump (I1) on the ascending branch. both
refated to the electroreduction of the outer oxide film
tuking  place through o nucleation and  growth
process”. At potentials lower than 0.8 V_ peaks IV and
V appear overlapping a  background diffusional
current contribution. This diffusional current is due o
the electroreduction of traces of O and Pd™ soluble
species  lormed  during  the  anodisation ol the
palladium electrode™ ™' Peaks 1V and V are mainly
related to the electroreduction of the mnermost, or (4-.
oxide layer"’. The electroreduction voltammetric
prolile changes as x. the concentration ol CIrons
the base clectrolyte, is increased. Thuos, for v
increasing from 6.8x10 " M 10 3.7 x10 ' M. peak Il
shifts positively and at the same ume hump |1l
disappears,  secemingly  overlapped by peak 1
(Figs I'b-d). Incidentully. peaks L 1V and V exhibit no
significant  influence  of  the  increasing  Cl
voncentration.

It should be noted that the ditfusional current
contribution formerly recorded at potentials lower
thun 0.8 'V (Fig  la) slightly decreases with the
addition of C1jons, Whilst @ net hmiting current 18
observed in the (L7 V-0.8 V range during the
subsequent positive potential scan in the absence of
CI" ions, such current contribution does not appear in
ithe presence of them. Instead, an increasing positive
current shows up from ¢, 0.7 V upwards.

The potential of peak HT fulfill o hncar relationship
with log oy, with a slope of ea. 0.245 + (L0153 '\
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Fig. 1~ Elecroreduction voltummograms of  palludium  oxide
(it grown at 2200 N during 300 s in 1 M HSOy, + v M HCL v =
0.005 Vs !

decade ', o value appreciably higher than  that
reported for the case of | M HCIO; + v M Nu,SO,
(0.1 10V decade ). where a linear dependence of EP["
with log ¢y W was also found "

The cathodic charge recorded between 1.0V and
.55 V. i that related to the electroreduction ol the
outer thick oxide layer (involving peaks 1. 11 and 1),
decreases abruptly when the CU jon concentration
exceeds 1 x 10" M. apparently due 1o the dissolution
ol the anodic film (Fig. 2). The apparent changes
observed can be due 1o an effect of chloride ions on
cither the electroreduction process or the formation of
the anodic oxide film. In the first case, it means that
there exists an interaction between the oxide surface
and the anion specifically adsorbed. which affects the
Kinetics of the electroreduction process, In the second
case, a change in the nature of the oxide film is
produced by the presence of Cl ions during its
formation at 2.00 V.

To elucidate this point the following experiments
were performed. In a first set of experiments (Fig. 3).
the pulladium electrode was immersed in | M H,SO,
and anodised at 2.00°V during 300 s in order to grow
the oxide layer, and alterwards the anodic lilm was
voltammetrically electroreduced through a potential
scan from 2.00 V1o 0.3 V at v = 0.005 V s ' (Fig, 3,
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Fig. 2—Dependence of the elecroreduction charge recorded
between 1.6V and 1.0V (peaks Tand T witg HCT coneentration
in I M H-S0; + 4 M HCL
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Fig. 3—Electroreduction  voltammograms ot palladiom oxide
films grown ar 2,00V duoring 300 s wnder the following
conditions: electrolormed and electroreduced in I M HLSO, « )
cleetroformed in 1| M H-850,, washed with water and  then
clectroreduced m the sume electrolyte (- - <) electrotormed in | M
LSO, washed with water and then electroreduced in | M H-80),
+ 1.23%10 ' M HCL(—),
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dotted trace). This was considered as the  blank
experiment. In a second run. the electrode was
subjected 1o the same procedure but before reducing
the oxide film. the electrode was taken out ol the cell
at constant potential (E = 2.00 V). washed and
mmmersed for 300 5 in Milh-Q water in order to
remove as far as possible, traces ol sulphate ions (rom
the oxide layer. Afterwards. the electrode  was
immersed at B, = 200 V oin the cell containing | M
ll;.‘i(').+l.23x1“' M HCL, and an electroreduction
scun was immediately started from the immersion
potential E; downwards. The resulting voltammogram
(Fig. 3, full trace) shows that in the presence of CI
ions. peak 11 is no longer observed and instead a
double peak is recorded in the range 1.3 V-1.4 V in
good agreement with the results depicted in Fig. 1. At
the same time the voltummogram shows that the
potential region related o peaks TV and V exhibits no
major changes. just a decrease in the base diffusional
cathodic current. To disregurd any influence of the
wiushing procedure on the resulting voltammaograms. a
third experiment  consisting  of introducing  the
electrode in plam 1 M H,S0; after the washing stage,
was performed. The voltammogram (Fig. 3. dashed
trace) shows that the effect of washing the oxide film
with Milli-Q water exerts a very little influence on
peak 1 and rather promotes a small potential shift of
peak | to less positive values, increasing, at the same

time, s height-to-width ratio. In a second set ol

experiments. the procedure was inverted (Fig. 4). The
palladium oxide film was first grown and reduced in 1
M H-SO, + 1.23 x 10 "M HCI (Fig. 4, doued trace).
Afterwards, the palladium oxide film was first built
up in this solution, washed in Milli-Q water as hefore,
and finally electroreduced in plain 1T M H-SO, (Fig. 4,
full trace). As blank experiment once again the oxide
tilm grown mn the CI jon-containing H-50, solution
wis electroreduced in the same electrolyte after the
washing procedure formerly described (Fig. 4, dashed
trace). These results clearly show that peaks T1 and 111
are originated from a specilic elfect of HSO J50,~
jons. as reporied elsewhere'

Theretore, from the above sets of experiments it
can be concluded that the main influence ol chloride
1ons appears during the electroreduction process and
not during the growth ol the oxide layer.

RRDI data

The voltammogram of a palladium RRDE recorded
at @ = 2000 rpm and v = 0.005 V s for the
clectroreduction ol an oxide film grown at 2.00 'V
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Fieg. 4— Elecrroreduction volammograms o palladivm oxide
films grown at 200V during 300 s under fhe Tollowim
conditions: elecuroformed and ¢lectroreduced in | M TELSO, +
L23% 00 M UCHE 1 elecrroformed in | M LSO, + 12310 ' M
HCL washed with water and then electroreduced in the sime
electrolyte (- - <) electrotormed i | M HLSO, + 123x 10 M
HOL washed in water and then electroreduced in | M HSO, ()

during 300 s in 1 M H-SO, + 3 x 10 "M HCL, shows a
net anodic current which decreases as the negative
potential scan goes from 2.00 V1o 1.6 V., Then, the
current increases exhibiting an anodic peak at ca.
1.55 V., and afterwards decreases steadily to reach a
cathodie peak at ca. 1.37 V. From 1.25 V 10 0.8 V u
practically null current is recorded. which is followed
by the appearance of two cathodic peaks at ca, 0.65 'V
and 0.35 V. During the subsequent positive potential
scan the current remains cathodic up 10 0.7 V. where
an abrupt anodic current increase is observed (Fig. 5).
By setting Ex = 04 V. the ring current response
closely tollows that of the disk (Fig. 5. full trace), 1.e.
firstly there is a progressive cuthodic current decrease
for 2.0 < £, < 1.7 V [ollowed by the appearance ol i
cathodic peak at ca. 1.45 V. concomitantly with the
anodic peak at the disk. Afterwards, o shoulder at (a
.35 V. concomitantly with the appearance of the
ciathodic peak ar 1.37 'V oat the disk, is recorded.
Subsequently. the cathodic ring current tends o u
limiting value that decreases 1o zero for By < 0.5V,
During the following positive polential  scan  the
current at the ring remains at zero bul mereases from
L= 0.7 V upwards
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By setting Ey = 1,15 V (Fig. 5, dotted trace) the
current profile at the ring shows a plateau from 2.00 V
o 1.6V and a cathodic peak at ca. 1.5V which is
much lower than that previously recorded for Ey = 0.4
V. It should be noted that in this case no shoulder is
observed at ¢ 135V oand no current increase 1S
observed in the range 0.3 1w 09V during the
subsequent positive potential scan.

Potentiostatic current rransienty
As Cl odons produce dramatic changes in the

voltammetric response for the electroreduction of

thick  palladium oxide  films  compared  to  that
nbserved for plain sulphuric acid solution. it is worth
o know whether they reflect a change in the
clectroreduction  mechanism  previously  found  for
sulphuric acid solutions in the absence of chloride
fons'

Far this purpose. potentiostatic current transients ai
E =07V tor the electroreduction of the palladium
oxide film grown at 2.00 Vin I M H.SO, + v M HCI
<< 10 “) were recorded.

For plain I M H>SO,. the current transient exhibits
an tnitial current decay followed by two current peaks
(Fig. 6. full trace) that are characteristic of an
clectrochemical reaction undergoing under a phase

02
g S0
€ I M HS0,
= IMHSO + 37 %10 MHCI
5 :
0
01
fEN
0 -
n an 50
lime s
e, 6 Polenttostatic current transients at i = 0.7 N for the

clectroreduction of a palladivm oxide i goown ar 200N duging
300 S

change process'™. On the other hand. for | M H:SO, +
3.7 x 10 ' M HCI also the current transient shows two
maxima, but the time (1) for reaching the maximum
is appreciably shorter and the current at the maximunm
(1) higher than that recorded in the absence of Ol
ions (Fig. 6. dotted trace).

As the chloride concentration is increased in the
range 1x10 "M < tigr < S %10 " M., decreases
lincarly with the logarithm ol ¢ while 1, increases
linearly with ey,

Discussion

The growth of thick palladium oxide films at high
positive potentials nvolves three fain
electrochemical process™™"'. At the very beginning
the oxidation of the palladium surfuce produces the
formation ol a thin. compact. anhydrous film. usually
denoted as c-Tayer, which 1s butlt up through a place
exchange mechanism"''. The further oxidation of the
surface results in the growth ol an outer. thick.
hydrous oxide layer, usually devoted as f-layer'
accompanied by the formation of the following
reversible electrochemical system”

{(xPd"" fy Pd™ )OH )aesnynH-0] 4 2H.O
+2¢ =[{(x=Pd" fiy+ )P ) JIOH ).,
(n+4H) 1.0 i
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This reaction involves changes in the oxidation
state of Pd as well as changes in the amount of
bounded OH species and water molecules in the oxide
layer. A similar redox system has also been found
during the formation of thick oxide films on Pt'".

This reversible electrochemical system. which is
related to presence of peak 1", is not influenced by the
presence ol Cl ions (Fig. 1). The lack of any
significant effect of the anions of the electrochemical
behaviour of peak 1 supports the former assumption
that this reversible electrochemical  system  is
embedded in the oxide matrix,

The comparative voltammograms run in different
acid solutions (Figs 5 and 6) clearly show that the
electroreduction of the oxide film and not its anodic
formation. is influenced by the adsorption of Cl ions.
This effect agrees with data previously reported [or |
M H-S0, and 1 M HCIO, solutions'”. By washing the
anodic film a redistribution of the cathodic charge
takes place, but does not alter the oxide film in such a
way to modify the potential windows where the
different electroreduction processes take place. The
comparatively minor changes observed in the
electroreduction voltammograms can be assigned, in
principle, to local changes of pH and anion content in
the oxide film.

The electroreduction  of  the oxide films is
accompanied by the formation of soluble species as
shown by the RRDE experiments. When Ey is set at
0.4 V. the current at the ring exhibits an exponential
decay while for Eg = 1.15 the ring current is rather
constant. This difference arises from the fact that al
0.4 V the oxygen formed at the palladium electrode
during the anodisation process can be electroreduced,
while for Eg = 1.15 V this reaction is precluded.

AL first sight. it should be expected that for Ep =
115V the electrochemical reaction

Cla +2e = 2CI 4 (2)

should be observed as it has a standard potential E" =
1.395 V', and if Cl, evolves at the potentials where
the palladium electrode 1s anodised, the formation of
Cl ions at the ring electrode should be detected.
However, though the contribution of this reaction
cannot be distegarded, the simultaneous appearance
of current peaks at both the disk and the ring
electrodes, and the fact that the appearance of the ring
current peak depends on Ep, indicates that the ring
collects  mainly  products  coming  from  the
electroreduction of the oxide film produced ut the

disk. Thus. the appearance of an anodic peak at ca.
1.6 V at the disk can be assigned to the formation of
soluble palladium chloride-complex species such as
PACl,". For Ey = 1.15 V., these ions are reduced
according to

PdCly" + 2¢ — PACly + 2C1 S JE3)

This reaction has a standard potential E' = 1.47 V™.

On the other hand. for Ex = 04 V., the
electroreduction of the PACly” species can proceed
further to Pd(0) according to

PdCly" +2e — Pd+4CI )

the corresponding standard potential being E' = 0.62
V:”_

Therefore, the increase in the height of the peak
recorded at the ring at ca. 1.5 V when Ey is changed
from 1.15 V to 0.4 V can be explained by an increase
in the base current due o the electroreduction of O,
and  probably Cl,  species  also, and  the
electroreduction  of soluble Pd(IV) and Pd(ID
chloride-complexes.

The electroreduction process of the thick palladium
oxide layer can then be schematically express as:

Pd,Pd0».xH.O,,+ nX (aq) — |Pd,Pd(O)}X),]" .,
+ xH-0O S )

[PdPA(O)X),|" (i +2 H + 2e —|Pd(X); ],
+ Pd,+ H:0 ... (6)

The value of n depends on the type of anion
considered. For the case of Cl ions, it can take the
values of 4 or 6 depending on the electrode potentiul.
Conversely, for non-complexing or weak adsorbable
anions, the electroreduction  reaction  operates
schematically as:

Pd,PdO;.xH,O+4H" +4¢ — Pd,Pd+(4+x)H.O ... (7)

The PdO; x H,O species here represents in a lax way
the [ or outer palladium oxide layer, the
electroreduction of which takes place under peak 111,
According to the presence of strong interactions
between anmons and the palladium oxide layer, the
clectroreduction potential should be affected by the
concentration ol antons and move in the direction of
the standard potential of the complex formation. as
experimentally observed. This potential shift tends 1o
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a limiting value related to the standard potential for
the redox couple [PA(C1), )" fIPd{C[)4|:'. and peak 111
eventually overlaps the potential related 1o peak |
(Fig. 1.

Therefore, it seems that the decrease of the
threshold potential for the electroreduction of the
pulladium oxide layer is assisted by the specific

adsorption of Cl ions which favours the formation of

Cl -containing  complexes.  This effect can  be
correlated with data reported for HSO, -containing
solutions™",  where the electroreduction  potential
shifted positively as the HSO, concentration was
increased, supporting the possible formation of «
surface complex of the type Pd(O)HSO,) .

The potentiostatic current transients recorded in the
presence and in the absence of Cl ions show that,
though Cl ions  accelerate  the  electroreduction
process, they do not change the electroreduction
mechanism. From potentiostatic current transients and
voltummetric measurements, it has been shown that
the electroreduction of  relatively  thick  palladium
oxide luyers  proceeds through an instantaneous
nucleaton and 3D growth process with nuclei death
dite 1o the depletion of the reacting species™'”

For this type of mechanism, the time dependence of

I

the transient current can be written as
J= Py |1 —CXPI—P;“-P:}; |L‘?(|ﬂ —Psy(t=Py)n) .. (8)

where Py = zFk, P, = 1 M'ky"Ny/p”, being k; and ks
the rate constants perpendicular and parallel o the
reacting surface, respectively, Ny the number of active
sites per em™, M and p the molecular weight and the
density of the new phase. The second exponential i
the rhs term accounts for the depletion of reactants in
the palladium oxide layer™ and Py represents and
induction time for beginning the growth of the new
phase'”.

This equation fits very well the transients obtained
i Cl -ton-containimg solutions (Fig. 7), suggesting
that the electroreduction mechanism in acid media is
independent  on  the  solution  composition.  The
parameters Ppoand P:oin Eq. (7) are related 10 the
current density maxunum (f,,) and the tume o reach
the maximum (£,) in the potentiostatic  transients,
according 1o

P, =4, {9

P=ln 247, 10y
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Fig, 7—S8elected numencal fits (lull vaee) ol the cathodie
transients recorded at B = 0.7 Vo | M H-S80, + « mM HCIL
aceording o equation (9 using the following set o) parameters:
1P =1 mA em S =006 55 Po= 000 500 Py =485 mA

em L P =00128 Ps= 137 s,

AS Cper is inereased, 1, decreases and P- increases, 1.c.
the product k:* xN,, increases. On the other hand j,.
i.e. Py oinereases linearly with ¢y, The dilferent
dependencies of Py and P> on ¢y should be assigned
to the fact that in the former case the influence shows
up through the value of kK, while in the later. the
increase in ¢y is reflected in Ny, Assuming that k,
obeys a Butler-Volmer type relationship, then Kk,
should be proportional to exp(-K E) and E being
oe logeyen. Ky should be proportional o ¢y as Tound
experimentally. -
Comparing the present results  with  previously
reported data”. it can be observed that the time needed
to reach the current peak decreases m the order HCI <
H-S0,; < H:PO,; < HCIO,. The threshold potential for
the electroreduction process also shifts negatively as
the adsorbability of the anion decreases'” Therefore,
it can be concluded that strong adsorbable anions
promotes the electroreduction of the thick outer oxide
layer by hreaking this layer through the formation of a
surface complex. Transient current peaks at potentials
as high as 1.2 V or 1.4 V have been recorded for
H-SOy solutions'*. Al these high potentials transient
current peaks can hardly be related o the growth of
an clectroreduced  palladium phase. Seemingly, as
dissolution of the oxide phase takes pluce through the
formation of a palladium complex species. negative
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nucleation. i.e. nucleation of holes could also take
place. From a phenomenological point of view this
type of process cannot be differentiated from a proper
nucleation and  growth of a new phase. The
dependence of Ny with ¢y¢ probably indicates that at
the surface of the oxide layer the adsorption of anions
produce the nucleation of pits which grow in the
perpendicular direction to the base metal.

Peaks IV and V do not exhibit an appreciable
influence of the anions, neither for CI nor for SOy or
ClO, ions-containing solutions'’. The absence of a
significant effect of the solution composition in the
electroreduction current peaks appearing at lower
potentials, i.e. below 0.8 V in the present work, 1s
consistent with the two-layer model"'" which assumes
that they are related to the electroreduction of the
innermost part of the oxide film grown on the
palladium surface. There is some decrease in the base
limiting diffusion current onto which the proper oxide
electroreduction currents are surmounted. This change
15 probably due 1o a change in the current efficiency

for the electroformation of O: due to the evolution of

chlorine as the CI jon concentration is increased.
Finally. it is apparent that the formation of the
surface oxide [1lm 18 independent of the ClI ion
concentration in the Cly evolution potential region.
This suggests that both, CI' adsorption and OH and O
clectrosorption.  follow  a  potential-dependent
adsorption isotherm with the same argument of the
exponent in VF/RT, so that their relative
(competitive) — adsorption 15 almost  potential
independent™. The Cl. evolution reaction proceeds
with a low yield in the case of very diluted Cl ion-
containing solutions™, allowing the evolution of O
during the oxide film formation at high potentials.

Conclusions

The  voltammetric  and  potentiostatic  results
obtained in low Cl -containing 1 M H.S0O; solutions,
indicate that the adsorption of CI' 1ons produce a
breakdown of the outer oxide layer, This produces a
time decrease and a positive shift of the threshold
potential for the electroreduction of the outer thick
oxide layer, Both time and electroreduction potential
decrease  linearly  with  the logarithm  of  Cl
concentration. The structure and nature of the thick
palladium oxide  film  formed at high potentials
appears independent of the nature of the anions
present in the solution. Furthermore. the mechanism
of clectroreduction is apparently independent of the

solution  composition.  The  voltammetric  and
potentiostatic results support the model of an outer
hydrous  oxide layer, embedding a  fasl
electrochemical system. located above a compact
anhydrous oxide film.
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