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A deposicdo em subtensdo de Cd sobre Pt e Au policristalinos foi estudada por voltametrianos
eletrodos estaciondrio e de disco-andl rotatorio. Sobre Pt, os picos de redissolugdo do Cdags se
sobrepdem aquel esrel acionados com aoxidacdo do Hags dificultando assim aavaliagdo precisadas
cargas de dessor¢do. Um modelo proposto para se calcular estas cargas a partir de voltametria no
eletrodo estacionio revelou um valor de 285 nC cm para a monocamada completa, 0 que
corresponde a um recobrimento de 90%, com os ad-atomos de Cd apresentando uma valéncia de
eletrossorcao de0,5. Osresultados obtidos com atécnicade colecdo do el etrodo rotatorio confirmam
plenamente estesvalores. A diferencaentre ostamanhos dos raios atdmicos do Cd e da Pt justificam
0 recobrimento de menos de 100%.

Por outro lado, sobre Au, a auséncia de Hads simplifica o procedimento para a determinagdo
das cargas de redissolugdo da monocamada de Cd. Aqui, um valor de apenas 41 nC cm? foi
calculado, o que corresponde a um recobrimento maximo de 15%, com valéncia de el etrossor¢édo
de 0,5. Os resultados obtidos com os experimentos de colegéo estdo em perfeita concordancia com
estes valores.

The underpotential deposition of Cd on polycrystalline Pt and Au was studied by voltammetry
at stationary and rotating ring-disc electrodes. On Pt, the Cdads dissolution peaks overlap those
related to the oxidation of Hads, thus hindering the preci se eval uation of desorption charges. A model
proposed to calculate such charges from voltammetry at stationary electrodes reveaed a value of
285 nC cm for the monolayer dissolution, which corresponds to a coverage of 90% with Cdads
presenting an €electrosorption valence of 0.5. Rotating ring-disc experiments fully confirmed such
values. The misfit between atomic radii of Cd and Pt justifies the less-than-100% coverage.

On the other hand, on Au, the absence of Hads ssmplifies the procedure for determination of
dissolution charges for the Cd monolayer. Here, avalue of only 41 nC cm 2 was calcul ated, which
corresponds to a maximum coverage of 15%, with the electrosorption valence of 0.5. The results
obtained in the collecting experiments with the rotating electrode are in complete agreement with
those values.
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Introduction

The underpotential deposition (UPD) of metals onto a
foreign substrate is a very useful electrochemical proce-
dure, which provides orderly modified surfaces with spe-
cial propertiessuitablefor utilizationin different fieldslike
electrocatalysist*3, semiconductors™®, el ectrodepositon of
dloys®’, etc.

Inits broader sense, UPD isrelated to the electrodepo-
sition of a metallic ion, Me*, in a potential range more
positive than the reversible potential of the redox couple
Me“*/Me. Thedriving force of thisapparent violation of the
Nernst Law isthe differencein work function between the
substrate (S) and the ad-atom, which provides an extra
energy and promotes the deposition of the first monolayer
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of the depositing metal, at more positive potentials. This
can be represented by the Eq. 18;
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where DEv is the submonolayer equilibrium potential,
DEwmLO the standard submonolayer potential, gurp the
electrosorption valence, avz+ the activity of the metal ions
in the solution and awv. the activity of the submonolayer
whilethe other symbolsretain their usual meaning. guep is
defined by the difference between the valence of theionin
solution (z) and the charge transferred to it during the
deposition process.

Reviews available in the literature include the classic
work of Kolb and co-workers’, an extensive paper by
Szab6'® analyzing the theoretical aspects of UPD, which
are updated by the recent work of Leivall, and the papers
of Adzict?**® and Kokkinidis* concerning mainly the in-
fluence of UPD processesin the oxidation of small organic
molecules. These reviews cover a great amount of the
theoretical devel opment, applications and el ectrochemical
techniques used in the study of surfacesmodified by under-
potential deposition of metals.

Among several Me/Ssystemswhich areusually studied
in the underpotential region, cadmium on platinum or on
gold seems to be a suitable subject. Jovicevic et al.'® have
analyzed the deposition of cadmium on foreign substrates.
These authors have investigated the Cd deposition on Ni,
Pb, Ag, Au and Cu by potential sweep and potentiostatic
methods with the simultaneous observation of the surface
by optical microscopy. They verified that substrates with
an increased affinity for the ad-atom favour epitaxial
growth. In this case are included Cu, Ag and Au. On the
others surfaces, the deposition initiates with a nucleation
and growth mechanism. Daujotis and Raudonis'® have
studied the Cd UPD on Pt from acid medium with a
potential step relaxation technique, which led the authors
to propose a deposition mechanism. This mechanism is
composed by: (i) direct underpotential adsorption of Cd(l1)
from the solution onto certain sites of the surface, followed
by one-electron transfer, (ii) rapid surface migration of
Cd(1) between two types of adsorption sites, (iii) discharge
of Cd(l) adsorbed onto the second specie of active site and
(iv) dow underpotential adsorption of Cd(ll) from the
solution onto the second kind active site followed by a
simultaneous two-electron transfer. Equilibrium constants
for two adsorption states were determined via analysis of
the transformed relaxation data in (real) Laplace space.
Martins et al.X” have discussed the surface alloying pro-
moted by cadmium underpotential deposition on irregular
silver electrodeposits by anodic stripping cycles. These
authors studied the surface rearrangement processes in-
volving theformation of Cd+Ag alloysat Cd coverageless
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than or close to unity. A place-exchange mechanism was
proposed to account for the kinetics of alloy formation.

An important application of Cd UPD monolayers
comesfromthe need for high quality thin film semiconduc-
tor devices. Compoundslike cadmium telluride (CdTe) are
very convenient for solar energy conversion since its
bandgap is 1.47 eV, which provides optica match to the
solar spectrum?®. In this way, Gregory et al.'® have inves-
tigated Cd and Te UPD together with their alternate depo-
sition on polycrystalline Au, Pt and Cu substrates. They
observed that, on Pt, the UPD processfor Cdisill defined,
with the voltammetric peaks overlapping the hydrogen
response. Onthe other hand, Auisamost suitable substrate,
due to the large double-layer region and the lack of inter-
ference of adsorbed hydrogen. Results obtained from the
alternate deposition studies on Au revealed that Te can
displace UPD Cd from the surface at potentials dlightly
more negative than that for Cd UPD. This displaced Cd?*
can then be underpotentially deposited onto the surface-
bonded Te'®. In a further publication, Gregory and Stick-
ney® discussed the formation of epitaxial layers by
alternate deposition of Cd and Te. They referred to the
technique as ‘ECALE’ for eectrochemical atomic layer
epitaxy. Another system analyzed by Colleti et al.? using
the same technique was CdS.

In electrocatalysis, the modification of surfaces with
UPD Cd has been applied in order to promote important
effects in electrochemical reactions of interest. Huang et
al.?? studied the reduction of nitrate on gold surfaces me-
diated by Cd UPD. They concluded that in acid media,
nitriteisthe only detectable product, asanalyzed by FTIR-
RAS. Such reaction was found to be absent on smooth Au
surfaces. These results confirmed the previous analysis of
Xing and Scherson® who studied the same system with a
rotating ring-disk technique. Ritzoulis** reported data con-
cerning the effect of Pb, Cd and Tl ad-atoms on the reduc-
tion process of N2O on polyoriented Pt electrodes. This
surfacereaction requiresadsorbed H availableto react with
N2O molecules. Ritzoulis proposed that the only effect of
these three ad-atoms was to block the active sites for
hydrogen adsorption, thus inhibiting the reaction under
study. More favorable effects were observed in the oxida
tion of formic acid on Pt modified by Pb, Tl, Cd and Ge
ad-atoms®.

Modifications with any of the four metals produced a
large enhancement in the currents of the voltammetric
responses. The effect was attributed to the co-adsorption of
O or OH on Ge or Cd at potentials more negative than on
Pt. EI-Shafei et al.?® have also studied the catalytic influ-
ence of underpotentially deposited submonolayers of dif-
ferent metalsin ethylene glycol oxidation on various noble
metal electrodesin alkalinemedium. Thesameconclusions
about simultaneous adsorption of O or OH on the ad-atom
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has been inferred but with Cd UPD exerting only a dlight
effect in the organic molecule oxidation.

Another very interesting aspect that becomesevident in
the discussions concerning the CD UPD mechanismisthe
electrosorption valence of the ad-atom. As stressed by
Varga et al.?’, the total voltammetric charge measured in
the UPD studies pointsto two possibilities. In thefirst one,
assuming that a total discharge of Cd?* takes place, the
charge measured would indicate that no more than half a
monolayer of cadmium isformed on Pt(111). On the other
hand, if the discharge is incomplete and a full monolayer
of cadmium isformed, the apparent el ectrosorption valence
is 0.8. Those authors were not able to decide between the
two possibilities mainly because they have used only vol-
tammetric experiments at stationary electrodesto calculate
the charges. A more complete investigation in this subject
was performed by Machado et al.?® using the rotating
ring-disk electrode. In their experiments the authors were
able to show that Cd ad-atoms present an electrosorption
valenceof 0.45 and that acomplete monolayer corresponds
to aCd coverage closeto 100%. In that work, those authors
also analyzed the influence of Cdads On the oxygen reduc-
tion reaction. They found that a total coverage with Cdads
promotesamodificationin thereaction mechanismin order
to produce H>0- as the fina product, instead of the H-O
detected on bare surfaces.

The objective of this paper is to anayze Cd UPD on
polycrystalline Pt and Au surfaces, from acid medium,
using either stationary and rotating ring-disc el ectrode vol -
tammetry.

Experimental

All the experiments were carried out in a single-com-
partment Pyrex® el ectrochemical cell withaTeflon® cover.
Theauxiliary electrodewasaPt foil with 2 cm? geometrical
area and the reversible hydrogen el ectrode was used asthe
reference system. The rotating ring-disc electrodes were
Pine Instruments products. The P/Pt and Pt/Au electrode
presented geometric areas of 0.001 and 0.160 cm? for ring
and disc, respectively, and with collection factors of 0.195
and 0.211, respectively, asdetermined in experimentswith
the Fe?*/Fe>* couple?®®, All glassware were boiled in a
HNO3/H2S04 solution and thoroughly washed with puri-
fied water.

The electrodepositions of Cd on Pt and Au were con-
ducted from solutions composed either by (1, 2, 4 and 5 x
10°) M CdSO4 + 0.1 M H2SO40r by (5x 10%and 5 x 107°)
M CdSOs+ 0.1 M H2SO4, respectively. The CdSO4 used
wasMerck PA, whilethe HSO4 was Merck suprapur. The
water was purified in aMilli-Q system from MilliporeInc..
Prior to the experiments the solutions were deaerated by
bubbling N2> SS White Martins.

The stationary electrode experiments were performed
with an EG& G PARC model 273 potenti ostat/gal vanostat
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linked to an IBM compatible microcomputer, through a
GPIB interface and controlled by the M270 software from
EG& G PARC. The rotating ring/disc experiments were
conducted with an EG& G PARC model 366A bipoten-
tiostat and recorded in a Hewlett Packard model 7046B
instrument.

Results and Discussion

Cyclic voltammetric experiments on polycrystalline Pt
and Au electrodes

The stationary voltammetric responses of Pt and Au
disc electrodes in 0.5 M H,SO4 solutions at 0.05 V s are
presented in Figs. 1A and 1B, respectively. The excellent
definition of voltammetric peaks for H adsorption/desorp-
tion on the Pt and oxides formation/reduction on both
surfaces attests the purity of the solution and the electrode
surface® 2,

From theses experimentsit is possible to determine the
active area of the electrodes. For Pt surfaces this determi-
nation involves the calculation of the charge under the
hydrogen desorption peaks, between 0.05 and 0.4 V. Asit
dready has been well established®*3*, for polycrystalline
Pt surfaces, the occupation of all active sites of the surface
with a complete monolayer of adsorbed hydrogen requires
acharge of 210 nC cm 2. Asthe corresponding areain Fig.
1A presented acharge of 58 C, it should correspond to an
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Figure 1. Steady-state voltammetric responses for Pt (A) and Au (B)
electrodes in 0.5 M H2S04 solutions a 0.05 V s In (B), the effect of
expanding the potential window in the voltammetric profile is presented.
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electrochemical area of 0.27 cm?. In the case of Au sur-
faces, the methodology to obtain the electrochemical area
involves repetitive potential scanning to increasingly posi-
tive values, followed by the measurement of several
cathodic charges associated to the reduction of the oxide
formed at each potential scan. A plot of charge against the
inversion potentials should contain straight lines with, at
least, three different slopes, as displayed in Fig. 2. The
interception between the second and third straight lines
should correspond to the charge required for the formation
of an AuO complete monolayer, i.e., 380 nC cm?2 322 |n
the present work, the second inflection point obtained from
the plot of Q vs. Einv was associated with a charge of
220 nC, indicating an electrochemical area of 0.55 cm?.
Such values of electrochemical areawere used throughout
this paper in order to normalize the different set of voltam-
metric data.

Cd UPD on polycrystalline Pt

Figure 3 showsthe voltammetric responses, obtained at
stationary electrode, for Cd UPD from 0.1 M H>SO4 + 5 x
10° M CdSOa. The potential variation includes different
delays at 0.05 V in order to alow the progressive metal
deposition followed by a potential excursion at 0.2 V s™.
The occupation of the surface by the ad-atomsis shown to
inhibit the adsorption of hydrogen, mainly the weakly
adsorbed H ad-atoms. Thisbehaviour isin complete agree-
ment with previous results published by Machado et al.?
and by Gregory et al.’®. Inthelinerel ated to the dissol ution
of Cd monolayer deposited during 600 s, it is possible to
observe three distinct anodic peaks denoted by A, B and C
where peak A occurs a ca. 0.65V, B at 045V and C at
0.3 V. Here, one of the major problems found in using
stationary electrode voltammetry for such a study becomes
evident. As one can see in the voltammograms of Fig. 3,
Peak C completely overlaps the dissolution peak of adsor-
bed hydrogen. The difficulty in the separation of charges

400
300 [
e
y 200
o
100
O 1 1 L 1 1
1.4 1.5 1.6 1.7 1.8 1.9 2.0

E/V

Figure 2. Linear relationships between reduction charges and inversion
potentials for the voltammograms displayed in Fig. 1(B).
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dueto Peak C and Hads brings, asaconsequence, adeviation
fromlinearity inthe Qcqvs. Qn plot. Such plotsaredecisive
in order to determine the number of electrons transferred
by active site on the surface, which can be calculated from
itsslope. Thiscan be seenin Fig. 4, where the relationship
between both chargesis presented. For deposition timesup
to 90 s, when only peaks A and B develop and no overlap-
ping occurs, the linear relationship stands. After that time,
with the beginning of peak C and overlapping, the points
deviate from the straight line, which can be associated to
an underestimation of the Qcg, due to the interference of
Qn. Animportant feature in Fig. 4 isthat, if the deposition
is carried out during a sufficiently long time to allow the
complete monolayer to be formed (point i, 600 s), the
measured point returns to the straight line. This seems to
confirm that afull monolayer of Cd was deposited and only
small amounts of Hags remain on the surface. The slope of
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Figure 3. Steady-state voltammogram for the stationary Pt electrode in
0.5 M H2S04 electrolyte (—) and first-cycle responses after the addition
of 5x 10°° M CdSO4 for different depositiontimesat 0.05V: (---) 1, ()
20, (- -)60,and (- - -) 600s.
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Figure 4. Linear dependence of the dissolution charges for H and Cd

ad-atoms on Pt in the conditions of Fig. 3. Depositiontimesat 0.05V are:
(@ 0, (b) 10, (c) 20, (d) 30, (e) 60, (f) 90, (g) 120, (h) 300, and (i) 600 s.



Vol. 9, No. 3, 1998

the straight line can be described by the following relation-
ship:

_ NHags

dope=N Mot 2
where N is the number of H ad-atom displaced by each
Cdags and nthe number of electronstransferred to each kind
of ad-atom. In this case, considering that the lope valueis
0.74, N is equal to 1.1, as obtained from the relationship
between the atomic radii of Cd and Pt (1.54 and 1.39 A,
respectively), and that nnags IS 1, the number of electrons
transferred to each Cd ad-atom can be calculated as 1.5.
This means that each Cd ad-atom on Pt retains a partial
chargeof 0.5inauniquefeaturein UPD studies. Moreover,
the maximum amount of charge related to the desorption
peaks of Cdags is 285 mC cm?, which means that 90% of
the Pt surfaceis covered with Cd in afull monolayer.

Although the results obtained in this work, using the
stationary electrode voltammetry, are in complete agree-
ment with previously published results, it is necessary to
compare these data with those obtained with another ex-
perimental technique, in order to confirm the assumptions
made above. Here, the second experimental technique was
chosen to be the collecting experiment with a rotating
ring-disc el ectrode system. To do so, the same experimental
conditions used in stationary electrode experiments were
preserved. The ring-disc system was rotated at 2,000 rpm.
Thering potential was polarized at avalue of -0.5V during
15 min, in order to promote the deposition of massive Cd.
In this situation, the Nernstian deposition current on the
ring becomes constant and dependent only on the rotation
rate andion concentration in solution. After thering current
stabilizes, the disc was polarized at 0.05 V during 0, 1, 10,
20, 30, 60 and 120 s, followed by an anodic potential
scanningat 0.2V stupto 1.55V, after which both ring and
disc responses were collected.

The results of the experiments described above are
representedin Fig. 5. Thefirst observation that can be made
is the similarity between the voltammetric responses ob-
tained here at the rotating disc electrode and those at the
stationary one. Again three desorption peaks can be obtai-
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ned at higher deposition times. The total voltammetric
charge calcul ated for the three peaks reaches 285 nC cm?,
avalueidentical to the previous one. On the other hand, for
the ring response one can aso distinguish three separated
peaks, in a similar potential region to that for the disc. It
must be noted that, for tgep = O, the ring current is always
constant and equals 0.1 mA, its Nernstian value. In this
way, the ring response does not include any hydrogen
desorption or oxide formation contributions. The maxi-
mum charge calculated for the ring response is 74.1 nC
cm2. Considering the collection factor of the rotating sys-
tem, 0.195, the charge val ue obtained can be transposed for
the disc as 380 nC cm2, which correspond to a maximum
coverage of 90% for a two-electrons process, in close
agreement with the value found in the stationary electrode
experiments. This charge valueis not affected by the elec-
trosorption valence, since on the ring the deposition occurs
towards Cd(0). In this way, the relationship observed be-
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Figure 5. Rotating ring-disc responses to potential sweeps at 0.20 V st
onthe Pt disc electrode at 2,000 rpmin 0.5 M H2SO4+ 5 x 10°M CdSO4
solutions. The ring potential was kept constant at -0.5 V throughout the
experiment. Prior to the potential sweep, the disc electrode was kept
polarizedat 0.05V during: (—) 0, (---) 1, () 10, (- - -) 20, (--) 30, (- - -) 60,
and(...) 120 s.

Table 1. Charge values for the Cd UPD on polycrystalline Pt rotating ring-disk electrode.

Tdep /S Qring/ NC cm™® Qanodic / (MC cm®) Quisk / (MC cm™®) Qu/ (nC cmd)
0 0 210 0 210
1 164 295 120 175
10 284 307 213 94
20 312 315 234 81
30 342 309 257 52
60 368 304 275 29
120 380 285 285 0
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tween thering and the disc charge valuesat Cdads maximum
coverage can beassociated withthe el ectrosorptionvalence
of Cd on Pt. Thisrelationship representsavalueof 0.5, also
in agreement with the value observed in stationary voltam-
metric experiments. In order to correlate the ring and disk
responses, the complete set of charge values for different
deposition times is collected in Table 1. The ring charges
(column two) were obtained directly by integration of the
ring curves. The total anodic charges (column three) are
generated by the integration of the anodic branch of disc
voltammograms, from 0.05t0 0.80 V. Thesevaluesinclude
both the hydrogen and Cdags Oxidation contributions. The
Cdads charge values on the disc (column four) are obtained
from thering values corrected by the collection coefficient
and considering that, on the disc, the deposition isa 1.5
electrons reaction while on thering it involves 2 el ectrons.
Finally, in column five, the hydrogen contribution is cal cu-
lated by subtraction of columns three and four. It can be
noted that the hydrogen desorption contribution to thetotal
anodic charge values diminishes correspondingly to the
increasing coverage with Cd ad-atoms, approaching close
to zero.

Atthispoint, itisimportant to highlight that such charge
value found for the ring electrode is absolutely free from
any interference of hydrogen desorption or partial electron
transference. Moreover, this value is concerned only with
the reversible deposition of the Cd(11)/Cd(0) redox couple.
The transposition for disc value through the collection
factor also does not include any contribution other than the
amount of Cd(ll) ions coming from the disc during the
monolayer dissolution.

Cd UPD on polycrystalline Au

The Cd UPD was also studied on polycrystaline Au
surfacesin 0.1 M H2SO4 + 5 x 10° M CdSO4 solutions by
cyclic voltammetry at 0.2 V s, using the stationary elec-
trode. The results obtained by holding the potential scan-
ning at 0.05V for several deposition timesare presented in
Fig. 6.

An important feature displayed in Fig. 6 is the small
amount of Cdags Obtained in the conditions of such experi-
ments. The maximum desorption charge measured under
theunique peak at approximately 0.2V reaches41 nCcm™,
A calculation involving the maximum charge for an AuO
monolayer, i.e., 380 nC cm for atwo electron reaction,
allows one to postulate the formation of only 15% of the
full monolayer, if it is considered a transference of 1.5
electrons®, in a similar manner to that discussed for Cd
UPD on Pt. Such low valuesfor Cd coverage have already
been observed®®, but those authors did not propose any
interpretation for such phenomenon. An explanationfor the
low coverage with Cdags could involve the co-adsorption
of anions (in this case sulphate), which inhibits the full
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monolayer formation. Thisisacurrently controversia subject,
though many authorshave used thisideato justify incomplete
monolayer formation by several metal ad-atoms>",

In order to evaluate the participation of adsorbed sul-
phate anions in the low coverage value of the full Cd
monolayer, voltammetric experiments at stationary Au
electrode were also conducted in 0.1 M HCIO4 + 1 x 10°
M CdClOqs, thus avoiding the presence of sulphate. The
voltammetric profile, obtained in the same conditions as
before, is presented in Fig. 7, for a deposition time of 600
s. The maximum coverage was assured by the absence of
any further increase in peak-current after that time. The
charge value calculated for the anodic peak at 0.23 V was
47 nC cm?, which is very close to that one observed in
sulphate medium. It is aready well-established that per-
chlorate anions adsorb very weakly on Au surfaces®. In
this way, the agreement between the maximum charge
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Figure 6. Steady-state voltammograms for the stationary Au electrodein
0.5 M H2S04 electrolyte (—) and first-cycle responses after the addition
of 5x 10> M CdSO4 for different depositiontimesat 0.05V: (---) 1, ()
20, (- -),60and (- - -) 600 s. The insert displays amagnification of the
current response in the potential range of -0.1 to 0.4 V, where the UPD
Cd peak is evident.
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Figure 7. Steady-state voltammograms for the stationary Au electrodein
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of 5x10°M Cd(ClO4)2 and holding the potential at 0.05V for 600 s(—).
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values calculated for both media seems to minimize the
influence of anion co-adsorption in the deposition of the
first Cdags monolayer. Other authors proposed a formation
of aCd-Au dlaoy, in order to account for the low values of
desorption charges?-*®, Nevertheless, no evidence of such
alloy formation was found in this work. Specificaly, a
cyclic voltammetric experiment performed after Cd mono-
layer deposition and moving the electrode to a Cd?* free
solution revealed only a smooth Au profile, with an active
areasimilar tothat obtained prior to Cd deposition. Another
interpretation for the low coverage with deposited Cd is
related to the vertical interactions between ad-atoms and
substrate. Thiskind of interaction isvery particular for each
substrate, with theindividual characteristicsbeing revealed
by the specific adsorption isotherm. Studies aiming to
determinethe adsorptionisothermsfor Cdon Ptand Au are
now under progressin thislaboratory.

The rotating ring-disc experiments for Cd UPD on Au
were conducted in a similar manner to those already de-
scribed for Pt. The electrolyte was composed by 0.1 m
H2S04 + 5x 10°> M CdSOs. The scan rate value used here
was0.05V st and therotation ratewas 2,000 rpm. Thering
waskept polarized at -0.5V throughout the experiment and
the deposition potential value for the disc was 0.05 V. At
such conditions, depositions were carried out for several
times and the voltammetric ring-disc responseis presented
in Fig. 8. By increasing the deposition time a gradually
larger dissolution charge was obtained up to 60 s when it
stabilized. Using the same methodology previously de-
tailed for the Pt disc electrode, atotal charge of 40 nC cm2
was calculated for the Au rotating disc electrode. This
corresponds to an occupancy of approximately 15% of the
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Figure 8. Rotating ring-disc responses to potential sweeps at 0.20 V st
ontheAudisc electrodeat 2,000 rpmin 0.5M H2SO4+ 5 x 10°M cdsoq
solutions. The ring potential was kept constant at -0.5 V throughout the
experiment. Prior to the potential sweep, the disc electrode was kept
polarized at 0.05 V during: (—) 5, (- - -) 10, () 20, and (- -) 60 s.
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active sites on the Au surface, in complete agreement with
the results found for the stationary experiments.

Conclusions

This work shows, in a very convincing way, the suit-
ability of the rotating ring-disc technique to study the
underpotential deposition of metalsonto foreign substrates.
The information obtained about electrosorption valences
and maximum coverage is frequently beyond the limits of
stationary voltammetric experiments.

The Cd UPD on Pt was characterized by the occupation
of only 90% of thetotal available active siteson the surface
and by an electrosorption value of 0.5 for the Cd ad-atom.
Thefirst characteristic can be associated to the small misfit
observed for theatomicradii of Cd and Pt, whilethe second
one is a very specia character, only observed for the Cd
ad-atoms. The dependence of the surface coverage by
adsorbed hydrogen was found to be inversely proportional
to the amount of UPD Cd and that the total coverage with
Cd ad-atoms completely inhibits the hydrogen adsorption.

On the other hand, on Au surfaces, the maximum cov-
erage found for Cd ad-atoms was about 15%. This low
coverage was firstly associated with sulphate co-adsorp-
tion, which could block the active sites on the surface.
However, experiments using free-sulphate electrolyte re-
sultedin Cd coverage aslow asbefore, thusindicating only
aminor participation of sulphate in the adsorption process
of Cd on Au. Another and more interesting proposition
concerns the vertical interaction between adsorbate and
substrate atoms. Such interactions are revealed in the iso-
thermsfor the Cd adsorption on Au and will be the subject
of further work.

The ring-disc experiments, for both substrates, fully
confirmed the stationary voltammetric charge data and,
moreover, in the case of Pt as substrate, eliminated any
influence of adsorbed hydrogen in the determination of the
ad-atom monolayer charge.
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