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27 SUPPORTING INFORMATION

28 S1 TEM Characterization
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30 Figure S1.1 Representative bright field TEM micrographs (left) and statistic particle size distribution(right)
31 showing Au sol gel nanoparticles deposited on a lacey carbon TEM grid.

32

33 Figure S1.2 Representative bright field TEM micrographs (left) and statistic particle size distribution(right)
34 showing Pd sol gel nanoparticles deposited on a lacey carbon TEM grid.

35 In a precedent study ! XEDS spectra obtained from individual particles showed
36 characteristic Au M lines and Pd L lines confirming that intimately mixed AuPd alloys had
37 been formed rather than physical mixtures of pure Au and Pd particles. However,
38 considerable systematic composition variations as a function of particle size were shown
39 from the XEDS spectra obtained for individual particles.
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S2 ECSA At

To measure the total surface area two different methods are considered: (I) one based on
the mean particle size and the catalyst load, (II) one based on the double layer capacity
(Figure S2).

The surface area of the Pd/C nanocatalyst is estimated (Table 1 in main text) from the
TEM average sizes following the calculation described in 2. In our case a spherical
geometry was assumed, whose volume is:

V=4/3 13 S1.1

Where r is the radius (half of the mean particle size as in Table 1).
The surface area is:

A=4nr? $51.2
Thus, the specific surface area is:
ECSA=3/(r*p) $1.3

Where p is the crystallographic density of palladium (ppg=12.02 g cm3):
The total metal surface area was calculated as follow:

A=ECSA*m S1.4

Where m is the mass of metal (2 ngetal)
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Figure S2 Recorded cyclic voltammetry for AuPd catalyst (1 layer) at 10 and 200 mV s, From the slope of the
current values is derived the capacity (inset).

The surface area was found to be around 0.002 cm? with the first method and around
0.005 cm? with the second (considering a value of 44.5 uF cm23). The difference could be
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considered within the error due to (I) the ambiguity in the evaluation of the capacity, (II)
the difficulty in estimating precisely the exact loading and (III) the overestimation of the
capacity that includes also the glassy carbon support.

For this study, the normalization was done with total surface areas (A;) reported in the
paper in Table 1.

In binary alloys is also possible to estimate the surface area of the single metals with (I)
surface oxide reduction charges (II), hydrogen under potential deposition (Hypp) and (III)
COstripping: The first two methods were discussed in the main text. COgyipping is efficacious
for the determination of Pd surface area, however (I) the value of the charge of a
monolayer is ambiguous, (II) Au seems to have an effect of COipping and (III) CO is known
in literature to induce surface migration 4, which might alter the surface area composition
and its estimation during the measurement.

For this study, we are more interested in the dissolution trends, therefore a precise
determination of surface area composition is out of scope and only trends in oxide
reduction charges are considered and presented (Figure 3).
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Figure S3.1 Dissolution profiles of (a) pure gold, (b) pure palladium and (c) gold-palladium alloy (all 4 layers)
during a cyclic voltammogram between 0.05 and 1.5 Vgyg in Ar purged 0.1M HCIO, with a scan rate of 2 mV s'1.
Flow rate is 193 pL min~1.

In Figure S3.1 is shown the dissolution profile of pure gold, pure palladium and gold-
palladium alloyed. Only the first cycle is here reported and for this measurement the
dissolution was normalized with As (Table 1). The dissolved Pd and Au for the alloyed
metal is approximately the half of the corresponding pure metal. Since this value is
reported here normalized by the total surface area, we can derive that during the first
cycle on the catalyst surface the amount of Pd and Au is close to the nominal 1:1 atomic

ratio (in fact the normalized dissolution is approximately half of the pure metal).
4



100 In the next Figures S3.2-3 are shown and compared the onset potentials of Pd and Au
101 (pure and alloyed nanoparticles).
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Figure S4 Several cycles to different upper limit potentials (ULP) with 10 mV s™! for AuPd catalyst (1 layer) in
0.1M HCIO,. The corresponding Au and Pd dissolution profiles and the voltammograms are shown in (a) and
(b), respectively.

A series of potential sweeps with increasing upper potential limit (UPL) (Figure S4) was
applied to the prepared 1 layer AuPd electrode and the corresponding dissolution profiles
and cyclic voltammograms are shown. Significant dissolution signal is observed when the
potential is above 1.0 Vgyg and 1.4 Vgyg for Pd and Au respectively. Below a certain
potential only a single peak is discernible, while at higher potentials are present two
distinct peaks (corresponding to anodic and cathodic dissolution). This was already
observed in the case of polycrystalline gold dissolution ° and it is probably due to the
enhancement of anodic dissolution. The amount of dissolved Au and Pd in every cycle,
which corresponds to the area under the dissolution profiles, is shown in the inset of
figure S4.1a and is increasing with the upper potential limits.



137 S5 Influence of medium in dealloying
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Figure S5.1 The total amount of metal dissolved per cycle corresponding to the slow cycles in perchloric acid
(a) and sulfuric acid (b) of the measurement shown in Figure 3.

The dissolution profiles recorded during the slow cycles of the measurement described in

Figure 3 are here shown for a comparison, with perchloric acid (Figure S5.1a) and sulfuric

acid (Figure S5.1b).
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Figure S5.2 Comparison of (a) palladium and (b) gold dissolution profiles of AuPd nanoparticles (1 layer) in
Ar purged electrolyte 0.1M HCIO, (full line) and 0.1M H,SO, (dotted line) during the first cyclic
voltammogram between 0.1 and 1.6 Vgye with a scan rate of 10 mV s'! (see figure 3).

Comparing the Pd dissolution profiles during the first cycle in perchloric and sulfuric acid
(Figure S5.2a) we can clearly conclude that the second is promoting the dissolution more
than perchloric acid. The Pd dissolution onset potential is approximately the same in both
acidic media. The behavior of Pd seems to be similar to the behavior of Pt. Indeed, no
significant variation in the onset potential with pH or amount of sulfate or perchlorate
anions was found previously also for polycrystalline platinum °. On the other side, our
group showed that for polycrystalline gold there is a shift of almost 100 mV in the gold
dissolution onset potential (1.3 Vyyg in sulphuric acid and ~1.4 Vgyg in perchloric acid) ”.
The gold in the alloyed AuPd (Figure S5.2b) exhibits also a small shift in dissolution onset

7



158
159
160

161
162
163
164
165

166

167
168
169

170
171
172
173
174

175

176

177

178

179

potential of approximately 50 mV. However, the gold dissolution in both cases seems to
start slightly before (x 1.25-1.30 Vgyg). For both metal higher dissolution in sulfuric acid
are observed.

It seems that in perchloric acid for the first cycle anodic dissolution is more relevant, while
in sulfuric acid is more important the cathodic dissolution. However, since the first cycle
is the as prepared catalyst without any activation it is difficult to draw any conclusion and
this need to be clarified. In both cases after a determined number of cycles Pd is
completely dissolved and we have a gold enriched surface.
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Figure S5.3 Dissolution profiles of (a) pure Au and (c) pure Pd nanoparticles (1 layer) in Ar purged 0.1M HCIO, during 50
cyclic voltammograms between 0.1 and 1.6 Vg, with a scan rate of 200 mV/s; some CVs at slower scan rate (10 mV/s)
were as well recorded to compare the dissolution profiles with time (See Sl). Corresponding SFC CVs (b,d)

As areference in Figure S5.3 are shown the dissolution profile and voltammograms of
pure Au and pure Pd in 0.1M HCIO,4 (with the same protocol shown in Figure 3 for AuPd
nanoparticles). In both cases during the degradation protocol the oxide reduction peaks
are decreasing as well as the dissolution rates (in particular for Pd which is dissolving
more). This is because the total surface area is decreasing due to the dissolution.
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