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Abstract Hydrogen absorption into and surface oxidation
of Pd–Au alloys in acidic solutions were studied by cyclic
voltammetry (CV) and chronoamperometry (CA) coupled
with the electrochemical quartz crystal microbalance
(EQCM). The influence of alloy bulk and surface compo-
sition on the process of oxidation of absorbed hydrogen
was examined. The stresses induced by hydrogen insertion
in Pd–Au alloys were compared with the case of pure Pd.
The potential corresponding to the formation of a mono-
layer of surface oxide was determined for Pd–Au alloys of
different surface states. Electrochemical dissolution of Pd–
Au alloys was investigated.
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Introduction

In the literature, there are numerous works on the
electrochemistry of Pd–Au alloys [1–27]. Two main
subjects were investigated, namely, the phenomenon of
hydrogen absorption [1–6, 13] and the processes connected
with surface oxidation [6–13, 15, 17, 19, 20]. The electro-
catalytic properties of that system were also examined, e.g.

oxidation of carbon monoxide [16, 17, 22], formaldehyde
[3, 20, 21, 23, 24], formates [12, 20, 21, 23], methanol [22],
PF3 [18], oxygen reduction [26, 27] and hydrogen
evolution [25]. However, despite such intensive studies,
some aspects of the electrochemical behaviour of Pd–Au
alloys have not been thoroughly explored.

Palladium and gold form a continuous series of face-
centered cubic solid solutions with the lattice parameter
varying almost linearly with alloy composition [28–31].
The Pd–Au system is homogeneous at normal conditions,
but during anodic polarisation in acidic medium, the surface
of Pd–Au electrodes becomes heterogeneous due to selective
dissolution of Pd [6–13, 15, 17, 19, 20]. According to our
recent results [6], Pd–Au electrodes containing more than
approximately 30% Pd absorb hydrogen. For Pd-rich alloys
the β phase (i.e. non-stoichiometric metal hydride) can be
formed, whilst for lower Pd content, hydrogen is absorbed
only as the α phase (i.e. solid solution of hydrogen in
metal) [2, 32]. Various aspects of the electrochemical
behaviour of Pd–Au alloys in acidic solutions have been
described in detail in [6–9, 12–15].

In this work, we present some new results on the
electrochemistry of Pd–Au alloys not reported in our earlier
papers [6, 7]. We show the influence of alloy bulk and surface
composition on hydrogen desorption from Pd–Au electrodes.
We have determined the potential of surface oxide formation
on Pd-rich phase in Pd–Au alloys. We have used the
electrochemical quartz crystal microbalance to examine
hydrogen absorption into and dissolution of Pd–Au alloys.

Experimental

All the experiments were performed at room temperature in
1 or 0.5 M H2SO4 solutions deoxygenated with an argon
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stream. A platinum gauze and Hg|Hg2SO4|H2SO4 were
used as the auxiliary and the reference electrodes, respec-
tively. All potentials in the text and on the figures are
referred to the RHE in the working solution. In the
electrochemical quartz crystal microbalance (EQCM)
experiments, 10 MHz AT-cut Au-plated crystals were used.
The calibration constant determined by Ag and Pd
deposition was 1.2 ng Hz−1, very close to the theoretical
value based on the Sauerbrey equation [33].

Pd–Au alloys were deposited potentiostatically on Au
wires (0.5 mm diameter) from a bath containing PdCl2 and
HAuCl4 in HCl [6, 7]. The concentrations of the salts in the
bath were in the range 0.08–0.11 M PdCl2 and 0.002–
0.02 M HAuCl4. The composition of the alloys was altered
by employing different bath compositions and deposition
potentials and utilising different dissolution rates of the
metals during the procedure of potential cycling to high
potentials [6–13, 15, 17, 19, 20]. The deposition potential
was from the range 0.41–0.62 V, i.e. was always higher
than the potential of hydrogen sorption to avoid hydrogen
insertion into the alloy being formed. Lower deposition
potential and higher concentration ratio between PdCl2 and
HAuCl4 in the bath resulted in alloys containing more Pd in
the bulk.

The thickness of alloy layers was in the range 2–3 μm
for deposits on Au wires and approximately 0.3 μm for
EQCM electrodes. The roughness factor of freshly depos-
ited alloys was in the range 100–500 for deposits on Au
wires and 40–70 for EQCM electrodes. Alloy real surface
area was determined from surface oxide reduction charge
and double layer capacity, according to procedures de-
scribed earlier [7]. Bulk composition of Pd–Au alloys was
obtained from the EDAX analysis (EDR-286 analyser
coupled with LEO 435VP scanning electron microscope).
In addition, the method based on the potential of α–β phase
transition was also employed [34]. Surface composition of
homogeneous samples was determined from the potential
of surface oxides reduction peak, according to the method
described by Rand and Woods [9]. In the case of
superficially heterogeneous Pd–Au electrodes, the average
composition was estimated from real areas occupied by
each surface phase [7]. All alloy compositions are
expressed in atomic percentages.

At the beginning of hydrogen electrosorption experi-
ments, freshly prepared electrode was cycled continuously
through the potential region of hydrogen adsorption and
absorption until a steady-state voltammogram was obtained.
This procedure was applied to avoid effects of ageing
during further hydrogen insertion/removal. On the other
hand, when surface oxidation processes were studied,
potential cycling range was limited to the mere oxygen
region.

Results and discussion

General cyclic voltammetric behaviour of Pd–Au EQCM
electrodes

Figure 1 presents a cyclic voltammogram together with the
EQCM response recorded for a Pd–Au alloy in 0.5 M
H2SO4. Three main regions can be distinguished on the CV
curve. In the so-called hydrogen region, hydrogen adsorp-
tion/absorption (a1) and subsequent desorption (a2) take
place, whilst in the oxygen region, surface oxide formation
(oxygen adsorption, c1) and reduction (oxygen desorption,
c2) occur. These regions are separated by the double layer
region (b), i.e. a potential range where no faradaic current
flows. One should also note the multiple signals due to
surface oxide reduction. According to Woods [8], it
indicates surface heterogeneity of the sample, i.e. the
existence of separate phases of different Pd surface content.
Such behaviour is typical of Pd–Au alloys with moderate
Pd content subjected after deposition to several potential
cycles in the oxygen region [7]. The cathodic peak placed
at the lowest potential (0.6 V) could be attributed to surface
oxide reduction on a Pd-rich surface phase, the peak placed
at intermediate potential (0.8 V) originates from surface
oxide reduction on an alloy phase with higher Au content,
whilst the peak at the highest potential (1.1 V) corresponds
to surface oxide reduction on Au-rich phase. The analysis
of the anodic part of the CV curve reveals two rather than
three regions of current increase, which may be attributed to
the onset of oxidation of surface atoms in the two phases
with significant Pd concentration and atoms in the Au-rich
phase, respectively. According to the literature [6–9, 12–
15], the latter phase has electrochemical properties almost
identical with those of pure gold and is oxidised at potential
considerably higher than Pd-rich phases which probably
start to be oxidised in a similar potential range and their
signals overlap. Various types of CV curves for Pd–Au
alloys of different compositions and after various ways of
electrochemical treatment have been discussed in detail
elsewhere [7].

The course of the frequency–potential curve can be
explained on the basis of the earlier EQCM studies on
noble metals and their alloys [35–38], taking into account
that negative frequency shift corresponds to effective mass
gain. In the anodic scan, the frequency initially increases
with potential (1), which can be attributed to the oxidation
of the absorbed hydrogen. Then frequency drops (2) due to
the adsorption of anions followed by surface oxide
formation on Pd-rich phase (above 0.75 V). At approxi-
mately 1.0 V, the frequency rises again (3), which probably
reflects the electrochemical dissolution of Pd. Finally,
another frequency decrease is observed (4), which is
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paralleled with surface oxide formation on Au-rich phase
(see current increase above 1.35 V).

The fact of metal dissolution is confirmed by a
frequency rise observed between two consecutive potential
cycles indicating resultant mass loss. It should be added
that the changes in the frequency–potential curve observed
within even so small number of cycles were not accompa-
nied by any noticeable changes in the course of the cyclic
voltammogram. Our earlier studies demonstrated that
during a single anodic scan, the amount of dissolved metal
does not exceed a fraction of a monolayer of surface atoms
[35]. However, with the use of such a sensitive device like
the EQCM, it is possible to detect these subtle effects.

In the cathodic scan, frequency increases in the whole
oxygen region as surface oxides are reduced (5). An
interesting feature is frequency negative shift in the double
layer region (6) where positive changes could be expected
due to the desorption of anions as the electrode potential
becomes less positive. However, the latter type of frequen-
cy course is observed only when the potential scan was
started in the double layer region, i.e. without prior
polarisation to the oxygen region. Therefore, it is possible
that the observed mass gain in the cathodic scan is
connected with a partial redeposition of metal dissolved
previously in the anodic scan. To avoid the effects of metal
dissolution/redeposition, during hydrogen absorption/de-
sorption experiments the electrodes were not polarised to
such high potentials.

It should be stressed that heterogeneity of the surface of
Pd–Au alloys is not an equilibrium feature because these
alloys form continuous series of solid solutions without a
miscibility gap over the entire composition range and their
surface compositions are normally close to the bulk
compositions [19]. In fact, the surface segregation observed
in our work is a result of the preferential dissolution of Pd
during prolonged potential cycling in the oxygen region.
Once the additional surface phases have appeared as a
result of the electrochemical treatment, this surface state
was maintained during further experiments, i.e. no re-
homogenisation could be observed. In that sense, under the
conditions of cyclic voltammetric experiments, heteroge-
neous Pd–Au alloys were more stable than homogeneous
alloys. A detailed discussion on the changes of surface
properties of Pd–Au alloys after electrochemical ageing has
been presented in our earlier papers [6, 7].

Hydrogen absorption in Pd–Au alloys

Figure 2 shows the anodic voltammetric scans for oxidation
of hydrogen absorbed at constant potential (corresponding
to maximum saturation of the electrode with hydrogen) in
Pd and Pd–Au alloys of various bulk Pd content. One
should note that with the decrease in Pd bulk concentration,
the potential of hydrogen oxidation peak is shifted
negatively. It means that hydrogen removal from those
alloys is facilitated in comparison with pure Pd. The reason

Fig. 1 Cyclic voltammogram
and frequency–potential re-
sponse for a heterogeneous
Pd–Au alloy (38% Pd on the
surface). Potential range −0.01÷
1.59 V, scan rate 0.1 V s−1,
0.5 M H2SO4
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may be the fact that Au addition to Pd changes both surface
and bulk characteristics of the system, which influence its
absorption properties. The process of hydrogen desorption
is affected by such factors (dependent on alloy surface and
bulk composition) as: surface coverage with adsorbed
hydrogen, adsorbed hydrogen–metal bond energy, surface
arrangement of atoms of particular alloy components, the
rate of the α–β phase transition and hydrogen diffusion. It
should be stressed that the effect observed for Pd–Au alloys
is probably kinetic in origin because from the thermody-
namic point of view, the β phase decomposition is shifted
into higher potentials with the decrease in Pd bulk content
due to crystal lattice expansion [2, 30, 32, 34]. Faster
kinetics of hydrogen absorption in the alloy than in pure
metal has already been reported for the Pd–Ag system [39].

Figure 3 presents a series of chronoamperograms
recorded for a potential step from the double layer region
(0.48 V) to different potentials from the hydrogen region.
After negative potential jump, a current flows due to the
reduction of H+ ions to H atoms adsorbed on the surface,
which subsequently enter the Pd crystal lattice forming a
bulk phase of absorbed hydrogen (α or β phase, depending
on potential applied). One should note that after a certain
time, the reduction current reaches a steady value. For
sufficiently low potentials, this value is determined by the
rate of hydrogen evolution reaction taking place at the
electrode surface, whilst for potentials too high for
hydrogen evolution to occur, the current falls to zero, as
can be expected for a thin Pd–Au layer fully saturated with
hydrogen in a deoxygenated solution free from impurities.

From the chronoamperometric curves, it is possible to
determine, for a given potential, the time needed to obtain
steady-state electrode saturation with hydrogen (i.e. the
time when current reaches a constant value). The t–E plot is
presented in Fig. 3. It demonstrates that with a decrease in
the electrode potential (and a simultaneous increase in the
amount of absorbed hydrogen) the absorption time initially
increases, passes through a sharp maximum and then
decreases. The existence of the maximum on the t–E
dependence indicates the potential where the rate of the
absorption process reaches the minimum value. Similar
behaviour was also observed for other Pd alloys: Pd–Pt
[40], Pd–Rh [41], Pd–Pt–Rh [42], Pd–Ni [43] and pure Pd
[42]. A comparison of the position of the time maximum
with the dependence of the amount of absorbed hydrogen
on potential reveals that this value lies within the phase
transition region. Therefore, it can be suggested that the
slow process of α–β transition rather than surface kinetics
or bulk diffusion controls the overall rate of hydrogen
absorption into thin Pd-based layers. Such possibility has
already been postulated in the literature [44–46].

In our earlier studies on hydrogen absorption in Pd [47–
49] and its alloys [6, 50], we have found that hydrogen
desorption can proceed via two independent paths, namely,
electrochemical oxidation and non-electrochemical recom-
bination of adsorbed hydrogen. The latter effect is
manifested in a cyclic voltammetric experiment as a
decrease in the electrochemically measured amount of
absorbed hydrogen at low scan rates (for discussion see
[50]). One may suppose that the contribution of the non-

Fig. 2 Potential of absorbed
hydrogen oxidation peak versus
Pd bulk content in Pd–Au
alloys. Inset absorbed hydrogen
oxidation currents on Pd and
Pd–Au alloys of various bulk
compositions. Scan rate
0.01 V s−1, 1 M H2SO4, hydro-
gen absorption at −0.13 V for
300 s, upper potential limit
0.67 V
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electrochemical desorption path in the process of hydrogen
removal from a Pd alloy should be strictly connected with
surface composition and distribution of Pd atoms on the
surface. In particular, it should depend on whether Pd atoms
are randomly located or form islands. Because Au does not
adsorb hydrogen, the process of non-electrochemical hydro-
gen desorption from a Pd–Au alloy should be effective only
on conditions that there were sufficiently neighbouring Pd
atoms on the electrode surface. Hydrogen adsorbed on
isolated Pd sites, surrounded by Au atoms, might not be
removed via recombination reaction. To verify this hypoth-
esis, hydrogen desorption was performed on Pd–Au electro-
des of similar bulk properties (approximately 80% Pd in the
bulk) but of different surface states (reflected in the respective
CV curves in Fig. 4) obtained by controlled potential cycling
in the oxygen region: (1) Pd-rich homogeneous alloy (89%
Pd on the surface), (2) heterogeneous alloy containing
comparable amounts of Pd-rich and Au-rich phases (58% Pd
on the surface) and (3) heterogeneous alloy strongly
impoverished with Pd (10% Pd on the surface).

The obtained charge versus scan rate dependence
confirms the above prediction that for a Pd-poor alloy the
contribution of the non-electrochemical hydrogen desorp-
tion path is smaller than for a Pd-rich alloy. The lowering of
hydrogen oxidation charge at low scan rates is the strongest
for sample 1, for which a single surface oxide reduction
peak observed on the CV curve mirrors alloy homogeneity
and high Pd surface concentration. On the other hand, for
sample 3, the significance of hydrogen recombination
reaction is much lower, i.e. the decrease in hydrogen
oxidation charge at low scan rates is less pronounced. In
that case, the multiplicity of surface oxide reduction signal

on CV curve reflects alloy surface heterogeneity. Moreover,
the main cathodic peak originates from surface oxide
reduction on Au-rich phase indicating low surface concen-
tration of Pd. The influence of electrode surface state on the
mechanism of hydrogen desorption was found earlier for
the Pd–Pt–Rh system [50].

One could suppose that the above effects are caused by
the influence of oxidation of molecular hydrogen (generat-
ed at absorption potential) on the total measured hydrogen
charge. However, it should be stressed that as it was found
in an earlier work performed in our laboratory [40], the
oxidation of hydrogen generated during hydrogen evolution
reaction has no significant influence on the total charge
calculated from the oxidation peak used for the determina-
tion of the amount of absorbed hydrogen. Such assumption
is justified by the fact that on voltammograms recorded in
the hydrogen region for alloys not absorbing hydrogen, a
pronounced hydrogen evolution current was observed as a
cathodic signal but in the course of the anodic scan the
oxidation current was negligible. Moreover, similar shape
of charge versus scan rate dependence was also observed
when hydrogen absorption was performed at potentials
where hydrogen evolution does not occur (see discussion in
[50]). Thus, it can be concluded that the main reason for the
observed changes in hydrogen oxidation charge are
different contributions from hydrogen recombination reac-
tion on samples of different surface state.

Hydrogen absorption in Pd–Au alloys has also been
studied using the EQCM. Figure 5 shows the relationship
between frequency changes and the amount of hydrogen
absorbed in Pd and a Pd–Au alloy. It is visible that for both
samples the response of the quartz crystal resonator exceeds

Fig. 3 Chronoamperograms
recorded in 0.5 M H2SO4 dur-
ing hydrogen electrosorption in
a Pd–Au alloy (85% Pd in the
bulk) at different potentials after
pre-treatment at 0.48 V. Inset the
amount of absorbed hydrogen
(solid symbols), expressed as the
hydrogen-to-metal ratio (H/M),
and time needed for a steady-
state electrode saturation with
hydrogen (open symbols) versus
absorption potential
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the value expected for pure mass effect predicted on the
basis of the Sauerbrey equation (dashed line in Fig. 5). It
corresponds to the known fact that frequency changes
observed in hydrogen absorption experiments originate not
only from mass gain due to hydrogen uptake but also from
stresses in crystal lattice induced by that process [36, 37,
39, 51–63]. Thus, although the amount of absorbed
hydrogen cannot be determined directly from frequency
measurements [60, 61], the EQCM can be utilised for the
studies of stress effects accompanying hydrogen insertion.

As can be seen in Fig. 5, frequency decreases with the
increase in the amount of absorbed hydrogen and the rate of
frequency changes is slower for a Pd–Au alloy than for Pd.
It means that the stress effect, reflected in the deviation
from the Sauerbrey equation, is smaller for the alloy than
for pure metal. These differences are confirmed by the
values of apparent molar mass of hydrogen absorbed in the
β phase, which are 1.9 g mol−1 for the alloy and 3 g mol−1

for Pd. The latter value is in agreement with most authors
[51, 55, 56, 60, 61], although other authors reported

Fig. 5 Solid lines frequency
changes versus the amount of
hydrogen absorbed in Pd and a
Pd–Au alloy (94% Pd in the
bulk) obtained in chronoam-
perometric experiment (potential
step from 0.39 to 0.01 V) in
0.5 M H2SO4. Dashed line
resonator response predicted for
pure mass effect. Dotted lines
responses predicted for mass
and stress effects together

Fig. 4 Influence of scan rate on
the charge (normalised to maxi-
mum value in a series) due to
the oxidation of hydrogen
absorbed at −0.03 V in Pd–Au
alloys (approximately 80% Pd in
the bulk) of various surface
state: (1) homogeneous alloy
(89% Pd on the surface), (2)
heterogeneous alloy containing
comparable amounts of Pd-rich
and Au-rich phases (58% Pd on
the surface) and (3) heteroge-
neous alloy strongly
impoverished with Pd (10% Pd
on the surface). Inset cyclic
voltammograms (0.1 V s−1,
1 M H2SO4) in the oxygen
region (0.37÷1.57 V) for the
alloys examined
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different values [59]. However, the differences between or
agreements with various literature data might be explained
by different values of the lattice stresses for various
structures of palladium prepared using different methods.
Because our Pd and Pd–Au electrodes were obtained
according to similar procedures, the values of apparent
molar mass can be compared. Again, the deviation of
apparent molar mass from the real molar mass of hydrogen,
i.e. 1 g mol−1, is a measure of the stress effects [36, 37, 59–
61, 63]. Such behaviour is qualitatively consistent with
crystallographic data [2, 32], according to which the relative
increase in lattice parameter during β phase formation
becomes smaller upon Pd alloying with Au. Also for other
expanded system, i.e. Pd–Ag, the stresses were smaller than
in pure Pd [39].

To analyse the EQCM response more quantitatively, the
total frequency shift was calculated as a sum of mass effect
(via the Sauerbrey equation from charge consumed during
hydrogen uptake) and the stress effect. In the latter case, an
average stress was obtained as a product of Young’s modulus
[64] and lattice parameter expansion during the β phase
formation [2, 32]) and then recalculated into stress-related
frequency shift (Δfstress) according to the equation [39, 58]:

$fstress ¼ t � k � fq � tf
� ��

tq ð1Þ

where t is the average stress in a thin film of thickness tf (in
this study, 0.3 μm), k is the stress coefficient (−2.75×
10−11 m2 N−1 for AT-cut crystals), fq is the fundamental
frequency of the quartz crystal (in this study, 10 MHz) and
tq is the thickness of the quartz crystal (166 μm for
10 MHz). The results show that only for low hydrogen
content the measured resonator response coincide with the
predicted values (dotted lines in Fig. 5), whilst for higher
amounts of hydrogen positive deviations are observed. The
possible reason for such discrepancies may be changes in
elastic properties of the metal/alloy after absorption of a
certain amount of hydrogen. Similar effect was reported for
thin Nb films electrolytically loaded with hydrogen [65, 66].
The change in slope of the stress versus concentration curve
was attributed to the onset of plastic deformation [65]
leading to stress release by means of dislocation generation
that sets in above a certain hydrogen concentration [66].

Anodic oxidation of Pd–Au alloys

At potentials considerably higher than those corresponding
to hydrogen-related phenomena, the surface of noble metal
electrodes undergoes oxidation, which involves surface
oxide formation and electrochemical dissolution of the
electrode material. In our earlier papers [6, 7], we have
discussed changes in the surface state of Pd–Au alloys
caused by repetitive potential cycling through the oxygen

region. We have stated that on Pd–Au electrodes strongly
impoverished with Pd the main surface phase has electro-
chemical properties very similar to those typical of pure Au.
Below, we present the results on anodic oxidation of Pd-
rich Pd–Au alloys.

Figure 6a–e shows the dependence of surface oxide
reduction charge on the upper potential limit in cyclic
voltammetric experiment (scan rate 0.1 V s−1) for Pd and
Pd–Au alloys of different surface states. In the case of
heterogeneous alloys (i.e. exhibiting separate peaks origi-
nating from surface oxide reduction on particular surface
phases), the peak corresponding to surface oxide formation
on Pd-rich phase (i.e. alloy phase) was considered. As can
be seen in Fig. 6a–e, the amount of surface oxide increases
almost linearly with the upper potential limit, and for a certain
potential value, a change in the Q–E slope is observed.
According to the literature [8, 67–69], this inflexion point
can be attributed to the formation of a monolayer of surface
oxide. One should note that the value of the potential of
surface oxide monolayer formation on Pd–Au electrodes is
higher than on pure Pd and increases with the decrease in Pd
concentration in the alloy phase (Fig. 6f), i.e. as the
electrode surface becomes more noble. Thus, it confirms
earlier statements [7–10] that metal adsorption properties
towards oxygen are significantly modified upon Pd alloying
with Au. The intermediate potential of surface oxide
monolayer formation suggests that atomic interactions in
the alloy are sufficient to make average the adsorption
characteristics of these two metals [7–10]. It means that a
real alloy phase is formed whose electrochemical behaviour
is different from that of pure components.

Another reaction that proceeds at sufficiently anodic
potentials, especially in acidic solutions, is electrochemical
dissolution of the electrode material. We have studied this
phenomenon by the EQCM method. Pd–Au electrode was
polarised in the oxygen region to various upper potential
limits and the mass of dissolved metal was calculated (via
the Sauerbrey equation) from the difference in frequency
between two consecutive anodic scans measured at the
upper potential limit (see Fig. 1). Figure 7 presents the
dependence of the amount of dissolved metal (per unit of
alloy real surface area) on the upper potential limit. One can
see a monotonic increase in the mass lost with increasing
electrode potential. The influence of scan rate on the
dissolution effect is also visible.

According to the literature [70], under conditions applied
in our experiments, mainly Pd dissolution is expected
because Au is much more resistive to that process. To
verify this hypothesis, the amount of metal dissolved from
the Pd–Au alloy was recalculated per Pd area only and
compared with the data for pure Pd (see inset in Fig. 7). It is
clearly demonstrated that both series of data coincide,
confirming the above assumption. In Fig. 8, the frequency
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Fig. 7 Mass of dissolved metal per the unit of alloy real surface area
versus upper potential limit for a Pd–Au alloy (26% Pd on the surface)
polarised in 0.5 M H2SO4 with two scan rates (0.1 and 0.05 V s−1).
Inset mass of dissolved metal recalculated per Pd surface area versus
upper potential limit for pure Pd and a Pd–Au alloy (0.1 V s−1)

Fig. 8 Frequency shift between two consecutive voltammetric cycles
versus difference between total anodic and cathodic charges for a Pd–
Au alloy (26% Pd on the surface). Scan rate 0.1 V s−1, 0.5 M H2SO4

Fig. 6 Charge of surface oxide
reduction peak versus upper
potential limit for electrodes of
various constitutions: a pure Pd,
b homogeneous Pd–Au alloy
containing 84% Pd on the sur-
face, c heterogeneous Pd–Au
alloy with a Pd-rich surface
phase containing 64% Pd, d
heterogeneous Pd–Au alloy with
a Pd-rich surface phase contain-
ing 50% Pd, e pure Au. Vertical
lines indicate the potential of
surface oxide monolayer forma-
tion. f Potential of surface oxide
monolayer formation versus
Pd surface content. Scan rate
0.1 V s−1, 1 M H2SO4
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shift between two consecutive cycles was correlated with
the difference in total charges in anodic and cathodic
voltammetric scans. A straight line was obtained with a
slope giving Pd valency of 2.2, i.e. indicating its oxidation
to Pd2+ ions.

Conclusions

The potential of absorbed hydrogen oxidation peak is
shifted negatively with a decrease in Pd bulk content. The
effect of non-electrochemical desorption of absorbed
hydrogen depends on alloy surface state and becomes
weaker after alloy impoverishment with Pd. The stresses
induced by hydrogen insertion in Pd–Au alloys are smaller
than in pure Pd. The potential corresponding to the
formation of a monolayer of surface oxide on Pd–Au
alloys is shifted positively with a decrease in Pd surface
content. EQCM results confirm that mainly Pd is dissolved
from Pd–Au alloys subjected to polarisation to the
potentials of the oxygen region.
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