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ABSTRACT

The CO oxidation behavior under excess oxygen and near stoichiometric conditions over the surface
of Pd;Au(100) has been studied by combining near-ambient pressure X-ray photoelectron
spectroscopy and quadrupole mass spectrometry and compared to Pd(100). During heating and
cooling cycles, normal hysteresis in the CO; production, i.e. with the light-off temperature being
higher than the extinction temperature, is observed for both surfaces. On both Pd;Au(100) and
Pd(100) the (V5xV5)R27° surface oxide structure is present during CO, production under excess
oxygen conditions (0,:CO = 10:1), while at near stoichiometric conditions (O,:CO = 1:1) the surfaces
are covered with atomic oxygen. Au as alloying element hence induces only minor differences in the
observed hysteresis and the active phase compared to pure Pd. Alloying with Au thus yields a
different behavior compared to Ag, where reversed hysteresis is observed for CO, production over

PdzsAg25(100) at similar conditions [Fernandes et al., ACS Catal. (2016) 4154]



32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

1. INTRODUCTION

Palladium is a preferred catalyst for a number of reactions, including the oxidation of hydrocarbons
[1,2] and CO [3,4], and the state of the active Pd surface during reaction has been extensively
discussed [5,6]. Surface oxides rather than surfaces covered by chemisorbed oxygen have been
observed as the most active towards CO oxidation under near ambient as well as more realistic
conditions (above ambient pressure) [5-16]. However, some studies also indicate Pd surfaces covered
by atomic oxygen as highly active [8,17], and generally both will exhibit activity. For Pd(100), the
presence of a (V5xV5)R27° surface oxide (henceforth denoted V5) is found to exist when the surface
is highly active towards CO oxidation [5,6,8,10,14,17,18], and this is consistent with the reaction
following a Mars-van Krevelen mechanism with gas-phase CO reacting with the surface oxide to
form CO; [5-7,9,11,13-15,19]. The presence of the surface oxide during high CO; production is also
supported by kinetic Monte-Carlo simulations [20,21].

Bimetallic systems provide routes for improved catalyst performance through modification of
selectivity and activity, demonstrated for example for catalytic oxidation [22] and reforming [23].
Typical alloying elements for Pd based catalysts include among others Cu [24-26], Ag [27] and Au
[28]. Pd-Au alloys have been increasingly investigated in regards to low temperature CO oxidation
[29-32], with the addition of Au reported to enhance the activity of the Pd-based catalysts [30].

Introducing a secondary element adds complexity in terms of reaction dynamics. Both for
nanoparticles [32,33] and single crystal surfaces [19,29,34-36] it has been shown that adsorbates and
reactions may induce segregation and restructuring. In the case of Au as alloying element with Pd,
the lower surface energy of Au in absence of adsorbates yields a driving force for segregation of Au
to the surface under ultra-high vacuum (UHV) conditions [37]. Differences in bond energy of
chemisorbed species affect the segregation behavior [38,39]. Experimental studies on PdAu(100)
[29,34], and PdAu(110) [36] have shown that exposure to CO pressures above 0.13 mbar and
temperatures below and close to RT induces segregation of Pd, resulting in the formation of
contiguous Pd sites at the surface [29,34]. Similarly, a higher amount of neighboring Pd atoms,

important for O, dissociation has been found experimentally [29,40] and theoretically [41,42] as a
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result of exposure to O,. The formation of a /5 surface oxide on PdzsAgss(100) [35], similar to the \'5
oxide observed on Pd(100) [43], is also a result of chemisorption driven segregation. As opposed to
Pd(100), the oxide on PdssAg25(100) consists of a pure Pd-oxide residing on top of a Ag rich layer
that serves as an interface to the PdssAg2s bulk. Adsorbate-induced segregation in PdixAgx is also
predicted theoretically as a result of oxygen [33,44], hydrogen [44-47], and CO [44] adsorption.

In the present work, we focus on the effect of Au as an alloying element with Pd on the CO
oxidation reaction, by comparing the PdsAu(100) model system to the corresponding pure Pd and
PdzsAgas surfaces (note that whilst Pd forms an ordered alloy upon replacement of 25% of the atoms
with Au, this is not the case with Ag, hence the different notations). Near ambient pressure X-ray
photoelectron spectroscopy (NAPXPS) investigations coupled with concurrent quadrupole mass
spectrometry (QMS) measurements have been performed to elucidate the state of the Pd;Au(100)
surface during reaction. In particular, the influence of the alloying element during temperature

ramping will be discussed.

2. EXPERIMENTAL METHOD

PdsAu(100) and Pd(100) single crystals were cleaned by cycles of sputtering, and annealing at 500°C
and 700 °C respectively, with and without oxygen. Temperatures were measured with a type K
thermocouple spot-welded to the edge of the crystal. The cleanliness of the surfaces was checked by
XPS measurement of the C 1s and S 2p core level spectra.

NAPXPS measurements were performed at the SPECIES [48,49] beam line of the MAX IV
Laboratory. The beam line was equipped with a SPECS PHOIBOS 150 NAP analyzer for near
ambient pressure measurements and a reaction cell, which is filled with gases during experiments.
The NAPXPS data were recorded in situ at gas pressures about 1 mbar, and total gas flows of 1.0-2.0
cm®min were applied. A QMS connected to the gas exit lines via a leak valve was applied to monitor
the gas composition at the outlet of the reaction cell. The QMS instrument was a Dycor LC-D
Residual Gas Analyzer from AMTEK. The oxidation experiments were carried out by introducing O
and CO at a ratio of approximately 10:1 or 1:1, denoted excess oxygen and near stoichiometric
conditions, respectively. The sample temperature was ramped from room temperature (RT) to 325°C

4
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and back in several cycles. Simultaneous NAPXPS, QMS, and temperature data were collected during
the experiments. Previously reported CO oxidation experiments over Pd(100) at ratio 10:1 performed
at beamline 1511 at MAX IV Laboratory [50] have also been included here, with the experimental
details described in ref. [19].

The core level spectra of the O 1s, Pd 3d, Au 4f and C 1s region were measured at photon
energies of 650, 400, 220 eV and 400 eV, respectively. The Pd 3ds» core level was also analyzed in
order to determine possible contributions from Au 4ds, (binding energy 335.0 eV). The cross
sections of Au 4d and Pd 3d are 0.4 and 3.5, respectively, at 400 eV photon energy [51]. No
significant contribution from Au 4d to the intensity was found upon comparing the Pd 3ds, and the Pd
3ds2 spectra. Hence Pd 3dsy; is presented in the current work. All spectra were measured at normal
emission. The binding energy was calibrated by recording the Fermi edge immediately after the core
level regions. Linear background was applied and Doniach-Sunjic line shapes used for fitting the
spectra [52]. Normalization was carried out with respect to the background on the low binding energy
side.

The LEED experiments were performed in our home UHV system, with base pressure below
1x10%° mbar. The Pd3Au(100) surface was oxidized at a temperature of ~300 °C and an oxygen
pressure of approximately 10 mbar, obtained by placing a microchannel plate oxygen doser close to

the sample surface.

3. RESULTS AND DISCUSSION

The /5 surface oxide structure on Pd(100) is well documented [43,53] and is, as stated above, known
to be the active phase during CO oxidation in excess oxygen [19] at near ambient conditions. An
image of the LEED pattern for this oxide structure obtained by exposing the single crystal surface to
O; at about 10° mbar and ~ 320 °C is shown in Figure 1 (bottom). Also on PdzsAg2s(100) , a similar
5 oxide is formed, but somewhat higher oxygen pressure is required [35]. For the sake of discussion
of the CO oxidation over Pd3Au(100) we have investigated if a 5 surface oxide structure can also be
formed on this alloy surface. Figure 1 (top) shows the LEED pattern obtained after oxygen exposure
of Pd3Au(100) at about 10 mbar and ~300 °C, i.e. similar conditions as applied for Pd7sAg2s(100).

5
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The presence of a \'5 surface oxide structure also on PdsAu(100) is hence confirmed but the pattern is
less sharp compared to that recorded for Pd(100). This was also the case for PdzsAg2s(100) [35] and
attributed to smaller 5 domains as well as possible presence of atomic oxygen species. The observed
\5 surface oxide formation on PdsAu(100) is in line with the trend that adsorption of species with a
strong interaction with Pd, generally makes segregation of Pd to the surface energetically favorable
for Pd-alloys where the alloying element has a weaker interaction with the adsorbed species, e.g Ag
[33,44].

The NAPXPS Pd 3ds, spectra for the active Pd(100) and PdsAu(100) surfaces for CO.
production under excess oxygen conditions and elevated temperature are presented in Figure 2. The
previously analyzed spectrum for Pd(100) [19] is first discussed as a basis for the interpretation for
PdsAu(100). The Pd 3ds/, spectrum recorded at ~230°C for Pd(100) under exposure to O,:CO at ratio
10:1, and total pressure ~0.7 mbar, is presented in the lower panel of Figure 2. Beside the bulk Pd
binding energy (BE) at 334.8 eV, the spectrum includes peaks attributed to Pd 2-fold and 4-fold
coordinated with oxygen (henceforth denoted 2-fold and 4-fold peaks) at 335.3 eV and 336.1 eV,
respectively. These represent a fingerprint of the V5 surface oxide [43]. In addition, there is an
interface component at 334.7 eV that is attributed to Pd atoms in the layer directly underneath the
surface oxide [43]. The spectral weights of the 2-fold and 4-fold contributions are similar, indicating a

surface with comparable amounts of the two oxygen-coordinated species.

Turning to the PdsAu(100) surface, the upper panel of Figure 2 displays the NAPXPS Pd 3ds.,
core level spectrum obtained at ~325°C upon exposure of O, and CO at ratio 10:1 and total
pressure ~1 mbar. In addition to the bulk contribution at 334.6 eV, two V5 oxide components at
binding energies 335.2 eV and 336.0 eV can be identified. Compared to Pd(100) there are some
differences in peak positions. The bulk Pd peak is shifted by 0.3 eV towards lower BE for Pd;Au.
This shift can be attributed to the presence of Au as alloying element. A similar shift relative to the
pure Pd bulk is also observed for PdzsAgzs(100) [35]. The Au 4fs» core level (not shown) is also
shifted towards lower BE by ~0.6 eV for PdsAu relative to pure Au. A discussion of the core level

shifts in the PdAu-alloy is beyond the scope of the present work, but has been previously been
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addressed by Olovsson et al. [54]. Since the surface oxide incorporates Pd atoms only, the V5 oxide
peak positions are similar for Pd(100), PdsAu(100) and Pd7sAg2s5(100). Nevertheless, the 4-fold oxide
peak for the two alloys is shifted by ~0.1 eV towards lower binding energy relative to the 4-fold peak
for Pd(100) [19,35]. As mentioned, a Pd 3ds interface component was assigned for the V5 surface
oxide on Pd(100) [19,43]. In contrast, UHV studies of the V5 oxide on PdzsAgs(100) revealed that the
layer beneath the oxide consists of a high amount of Ag [35]. The current spectra cannot discern
whether an interface component is present for the V5 surface oxide on PdsAu(100) or not. This is
partly due to limited spectral resolution at elevated temperatures. In addition, the close proximity in
peak position of the bulk Pd and the interface peak in the Pd 3ds; spectrum of PdsAu(100) makes
these two contributions difficult to deconvolute. The presence of the V5 surface oxide on PdzAu(100)
is in clear contrast to the behavior of PdzsAg2s(100), for which the Pd 3ds, core level spectrum
displayed no signature of the V5 surface oxide, and only chemisorbed oxygen was present on the

surface under equivalent conditions [41].

There are certain differences between the Pd 3ds. core level spectra of the V5 oxides
investigated on the different (100) terminated Pd based surfaces. For PdsAu(100), the spectral weight
of the 2-fold peak is significantly larger than that of the 4-fold peak, while the two oxide contributions
observed for Pd(100) are relatively similar [43]. The presence of Au has been reported to result in Pd
being more difficult to oxidize for supported Pd-Au catalysts during CO oxidation [28]. Gao et al.[34]
observed that exposing PdAu(100) to a mixture of 0,:CO = 8:1 at 277°C did not result in oxidation of
the surface, while this was the case for Pd(100). Investigations by XPS and XANES of polycrystalline
Pd-Au alloys furthermore determined that there is a small net charge transfer from Pd to Au upon
alloying [55]. Finally, a higher spectral weight of the 2-fold peak in comparison to the 4-fold peak
was also reported for Pd7sAg25(100) by Walle et al.[35] that, together with the aforementioned lower
degree of long range order observed in LEED, was suggested to originate from the presence of
chemisorbed oxygen. The difference in relative intensity between the oxide contributions and the
smaller degree of long range order inferred from LEED hence support the interpretation that the

surface oxide is not entirely covering the PdsAu(100) surface. The lower surface oxide coverage of
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PdsAu(100) relative to pure Pd could also contribute towards differences in the relative intensities of
the bulk Pd peaks in the Pd 3ds, spectra of the V5 oxide.

The surface of Pd(100) is covered with adsorbed CO at low temperature under exposure to O
and CO in excess oxygen (10:1), as shown in the previously reported Pd 3ds, spectrum obtained at
80°C and displayed in the lower panel of Fig. 3 [19]. The only peak besides bulk Pd is found at BE
335.5 eV and originates from adsorbed CO. The corresponding Pd 3ds; core level spectrum for
PdsAu(100), obtained at RT and oxygen rich CO oxidation conditions (Figure 3, upper panel), also
contains two contributions. Equivalent to Pd(100), one can be assigned to bulk Pd at 334.6 eV BE and
the other to adsorbed CO at 335.4 eV. Noteworthy, the spectral weight of the CO induced component
for PdsAu(100) is similar to that of Pd(100). Since CO normally interacts weakly with Au, the similar
spectral weight suggests that the surface is composed mainly of Pd. However, CO is also reported to
adsorb on PdO(101) at low temperature, with a O 1s contribution from surface oxygen atoms
remaining after CO exposure [56]. Such a contribution cannot be resolved from the CO induced
contribution in the Pd 3ds, spectrum, but may be discerned from the corresponding O 1s spectra as
will be discussed below.

The oxidation of CO in excess O, over PdsAu(100) was monitored as a function of sample
temperature by performing NAPXPS measurements recording the Pd 3ds,, core level region together
with QMS data, while heating the sample temperature from about RT to selected, high temperatures
and cooling down again towards RT. Similar series recording the O1s core level region were also
performed.

Figure 4a displays recording of the O 1s region spectral series during heating to 325°C
followed by cooling to RT in excess O, together with the corresponding QMS data. Details of the
Ols region at representative high and low temperatures are also included (Figure 4b). At low
temperature, the CO, QMS signal originates only from the residual gas in the reaction cell. The CO;
signal starts to increase at about 160°C and reaches a maximum at about 195°C. Further increase in
the temperature does not affect the CO; signal, implying that the reaction becomes mass-transfer

limited at this point, as previously also reported for Pd(100)[6]. Upon reducing the temperature, the
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CO, production is maintained until about 160°C where the production rapidly decreases and
eventually extinguishes.

Figure 4b shows the Pds;Au(100) O 1s core level spectrum acquired before starting the
temperature increase (bottom), and at 325 °C (top). At room temperature, the spectrum displays gas
phase oxygen peaks located at 538.3 eV, and 537.4 eV, and a peak at 531.2 eV attributed to adsorbed
CO. This is again analogous to Pd(100) and a surface covered by CO [19]. The spectral contribution
from gas phase CO is not resolved at these conditions. The spectrum also includes a broad
contribution from the Pd 3pa/, core level centered at 531.8 eV. From the C 1s spectrum acquired at RT
(Figure 4c) the CO is determined to be adsorbed in a Pd-Pd bridge position (~285.7 eV), based on the
binding energy being similar as reported for CO adsorbed in bridge positions on pure Pd(100) [57].
There is a small shoulder at the high binding energy side of this peak (~286.8 eV), which might be
attributed to CO adsorbed on top of isolated Pd atoms, as was done for Pd7cAus(111) by Toyoshima
et al. [58], and from considering the general trend for the C1s binding energy of CO adsorbed on Pt-
group metal surfaces increasing with lower coordination with the metal surface [59,60]. The C 1s
spectrum also includes a small CO gas phase contribution at BE ~290.0 eV.

The O 1s spectrum furthermore includes a component at ~529.6 eV, not observed on pure
Pd(100) under comparable conditions [19], which may be assigned to adsorbed oxygen. Dissociation
of Oz on contiguous Pd sites on PAAu(100) has been reported by Gao et al. [29,34]. It was conjectured
that dissociated O, from these sites would spill over to Au and isolated Pd sites, allowing CO
oxidation to occur on these sites, as well as on contiguous Pd. Theoretical studies supporting these
experimental findings have shown that sites consisting of at least four Pd atoms prefer to bind O
rather than CO, resulting in dissociation of O, [41]. These reports together with the aforementioned
findings of van den Bossche et al.[56] support the interpretation that the origin of the additional
component at low binding energy in the O1s spectrum is due to adsorbed oxygen.

Upon increasing the temperature, a shift of 0.1-0.2 eV towards higher binding energy in the O
1s contribution from gas phase O, is observed. This shift coincides with the surface becoming highly
active towards CO; production and is caused by a change in the surface work function. The shift is
accompanied by the appearance of additional peaks in the spectra and disappearance of the adsorbed

9
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CO contribution. The O 1s spectrum recorded at 325°C hence contains a small component from CO;
in the gas phase at ~535.1 eV binding energy, as well as the fingerprint peaks of the V5 located at
528.8 eV and 529.6 eV [43]. Comparatively, the shift in the O, gas phase peaks reported for Pd(100)
is ~0.5 eV to higher binding energy [19], which is considerably larger than for PdsAu(100). The
relatively small shift in the O, gas phase peaks upon transitioning from a CO covered surface to the
active surface towards CO; production indicates a smaller change in the work function and hence the
surface chemistry for Pd;Au(100). The presence of atomic oxygen at both low and high temperature
may explain this.

The active surface towards CO, production under excess oxygen is thus similar for the (100)
termination of Pd;Au and Pd, with both surfaces being partially or fully covered by a V5 surface
oxide. At near stoichiometric conditions (O,:CO = 1:1) and 0.7-1 mbar total pressures, however, the
surface of Pd(100) is reported as covered by adsorbed oxygen during high CO, production [6]. In
order to obtain a more complete comparison of the Pd(100) and PdszAu(100) surfaces, the reaction was
performed in O, and CO at 1:1 for Pd3Au(100). The O 1s and C 1s core level spectra are presented in
Figure 5 for low temperature. At RT, the peak assigned to adsorbed oxygen is still present (left panel)
and in addition there is a peak originating from gas phase CO at BE 536.3 eV. The C 1s core level
spectrum (right panel) indicates that CO is adsorbed in bridge position on Pd, as was found for 10:1.
Figure 6 shows the O 1s and Pd 3ds; in the region of high catalytic activity at 325 °C under 1:1
conditions. No contribution due to Pd atoms 4-fold coordinated to oxygen can be observed in the
Pd3ds, spectrum (right panel), only contributions at 335.2 eV and bulk Pd at 334.7 eV consistent with
a surface with chemisorbed oxygen atoms. The corresponding O 1s spectrum (left panel) shows a high
relative concentration of CO; in the gas phase, the contribution located at 535.4 eV binding energy,
and a single peak at 529.2 eV assigned to chemisorbed oxygen. The Pd 3ds, core level spectrum
acquired at near stoichiometric O,:CO ratio (Figure 6, right panel) is hence consistent with a surface
covered with chemisorbed oxygen, with no trace of the fingerprint signature of the V5 oxide observed.
Again the behavior is similar to that of Pd(100) [6,19].

The light-off-extinction behavior during reaction can be analyzed by plotting the CO; QMS
data versus temperature. Such hysteresis curves have previously been reported for the CO oxidation

10
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reaction under excess oxygen conditions for Pd(100) and PdzsAg2s(100) [19]. The hysteresis curve for
the Pd3Au(100) surface under corresponding conditions is displayed in Figure 7a, showing the light-
off occurring at 195 °C and the extinction of the reaction at about 160°C. This gives a bistability
window of approximately 40 °C, and a normal hysteresis attributable to the effect of coverage [61].
The light-off and extinction corresponds to the observed change in surface chemistry in Figure 4a,
where the surface transitions from predominantly CO covered to a \5 oxide, and back. This is
comparable to the behavior previously observed on Pd(100) [19], with the reported lift-off and
extinction occurring at about 195 °C and 150 °C, giving similar bistability windows for the two
surfaces. In the Ag case the behavior is quite different. The experimental light-off was observed to be
at 200 °C, whereas the extinction was at 225 °C, representing inversed hysteresis. Furthermore, the
reaction was not mass transfer limited. The reversed hysteresis was explained by an Ag-enrichment of
the surface layer during temperature increase, with the high Ag concentration remaining during
temperature decrease. The interpretation was supported by NAPXPS measurements of the combined
Pd 3d and Ag 3d core regions which showed a higher Ag/Pd ratio following a temperature cycle [19].
In comparison, the current NAPXPS measurements of the combined Pd 3d and Au 4f region for
PdsAu(100) before and after a temperature cycle did not show a significant change in the ratio
between Au and Pd.

The QMS data recorded during the temperature cycle with near stoichiometric ratio are shown
in Figure 7b for both Pd(100) (top) and Pds;Au(100). The bistability window is shifted to higher
temperature for both surfaces relative to the case of large excess of oxygen. The curves agree with
previous investigations on Pd(100) establishing that the CO oxidation reaction is mass-transfer limited
under near stoichiometric conditions, with the active surface being metallic Pd(100) with adsorbed
oxygen [6]. Similarly as above, there is no significant change in Au/Pd ratio upon cycling. The light-
off temperature occurs at 255 °C for Pd(100) and 265 °C for PdsAu(100), with the corresponding
extinction temperatures at ~190 °C and 215 °C. The increased temperatures for light-off and
extinction at near stoichiometric conditions may be attributed to a more persistent CO inhibition, and
corresponding lower O, activation due to the increased CO and decreased O partial pressure relative
to the excess oxygen case. Regarding the difference in light-off temperature between Pd(100) and
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PdsAu(100), it is too early to conclude on the magnitude and origin. It is important to note that there
are small differences in the bistability window range of 10-15°C between temperature cycles, which
may be attributed to differences in the heating rate. Nevertheless, the difference is largest upon
extinction, for which the transition occurs at ~25°C higher temperature over PdsAu(100), which may
be attributed to lower stability of the surface oxide with Au atoms present in the surface. Conclusions
on Au induced differences in light-off temperatures require further experimental investigations as well

as modeling.

4. CONCLUSION

The CO oxidation behavior over the surface of Pd;Au(100) has been investigated combining near-
ambient pressure X-ray photoelectron spectroscopy and quadrupole mass spectrometry, and compared
to similar experiments performed over Pd(100). As previously established for Pd(100), a
(V5xV5)R27° surface oxide is found to exist on PdsAu(100) during both CO; production at 10:1 ratio
of O; and CO and after oxidation in UHV. But relative to pure Pd, the presence of Au seems to result
in less long range order of the surface oxide and also parts of the surface covered by chemisorbed
oxygen. Performing the reaction over PdsAu(100) in O, and CO at 1:1 ratio furthermore yielded
similar surface chemistry as for Pd(100), with atomic oxygen and not the V5 oxide being present on
the surface during CO; production. During heating and cooling cycles, the observed light-off
temperature for CO, production is always higher than the extinction temperature, i.e. normal
hysteresis behavior attributable to CO coverage effects similar to that of Pd(100). In contrast, reversed
hysteresis is observed for PdzsAg2s(100) and only atomic oxygen is observed on the surface during the
CO; production. Alloying Pd with Au thus yields a very different behavior compared to alloying with

Ag, but relatively similar compared to pure Pd in terms of observed hysteresis and active phase.
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FIGURE CAPTIONS

Figure 1: LEED images of the V5 surface oxide in UHV formed by

oxidation in O, on (top) PdzAu (100) and (bottom) Pd (100) [35].

Figure 2: The Pd 3ds, core level of the V5 surface oxide under O, and CO at

ratio 10:1 for (bottom) Pd(100) at 260°C [19], and (top) Pd3zAu(100) at 325°C.

Figure 3: The Pd 3ds, core level under O2:C0O=10:1 for Pd(100) (bottom) at 80°C

[19], and Pd3Au(100) (top) at ~25°C.

Figure 4: (a) O 1s temperature series for (bottom) heating PdsAu(100) from RT to
325°C and (top) cooling back down to 25°C in Oz and CO at ratio 10:1, with
corresponding QMS data for Oz, CO and COs. (b) O 1s core levels recorded at (bottom)
RT, before starting the temperature increase, and (top) at 325°C. (c) The C1s core level

spectrum acquired at 25°C just before starting the temperature ramp.
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Figure 5: O 1s (left) and C 1s (right) core level spectra acquired for PdsAu(100) at RT

for O, to CO ratio 1:1.

Figure 6: O 1s (left) and Pd 3ds» (right) core level spectra acquired at ~ 300°C for

Pd3Au(100) at O. to CO ratio 1:1.

Figure 7: CO; partial pressure during the temperature cycles as a function of temperature
for (a) Pd3Au(100) under 10:1, and (b) Pd(100) (top) and Pd3Au(100) (bottom) under 1:1.

Temperature increase and decrease is indicated with arrows.
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FIGURES

PdaAu(100)

#

Figure 1: LEED images of the \5 surface
oxide in UHV formed by oxidation in O,
on (top) PdsAu (100), and (bottom) Pd
(100), [35].
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Figure 2: The Pd 3dss core level of the V5 surface
oxide under Oz and CO at ratio 10:1 for (bottom)

Pd(100) at 260°C [19], and (top) PdsAu(100) at
325°C.
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Figure 3: The Pd 3ds. core level under O2:CO=10:1
for Pd(100) (bottom) at 80°C [19], and Pd3Au(100)
(top) at ~25°C.
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Figure 4: (a) O 1s temperature series for (bottom) heating PdsAu(100) from RT to 325°C and
(top) cooling back down to 25°C in O, and CO at ratio 10:1, with corresponding QMS data for
O, CO and COz. (b) O 1s core levels recorded at (bottom) RT, before starting the temperature
increase, and (top) at 325°C. (c) The C1s core level spectrum acquired at 25°C just before
starting the temperature ramp.
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Figure 5: O 1s (left) and C 1s (right) core level spectra acquired for PdsAu(100) at RT

for O, to CO ratio 1:1.
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Figure 6: O 1s (left) and Pd 3ds (right) core level spectra acquired at ~ 300°C for

PdsAu(100) at O, to CO ratio 1:1.
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Figure 7: CO. partial pressure during the temperature cycles as a
function of temperature for (a) PdsAu(100) under 10:1, and (b)
Pd(100) (top) and PdsAu(100) (bottom) under 1:1. Temperature
increase and decrease is indicated with arrows.



