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Improved properties of the catalytic model system Ni/Ru(0001)
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The dissociative chemisorption of Gién Ni overlayers on Ru(0001) has been investigated. It is found that the initial sticking probabil-
ity at 7 = 530 K is approximately a factor of 20—-30 higher on a pseudomorphic overlayer of Ni than on Ni(111) and a factor of two higher
than on Ru(0001) illustrating the unique properties of metal-on-metal systems. The effect of enhanced reactivity is primarily ascribed to
electronic effects induced by a straining of the Ni overlayer. The enhanced reactivity towajds @ttompanied by new features in the
thermal desorption spectra of CO. The reactivity of the system depends strongly on the annealing temperature. Molecular beam experiments
at high translational energy are qualitatively different from thermal data showing a monotonic decrease of giekitd) probability as
Ni is added.
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1. Introduction by growing pseudomorphic overlayers of one metal atop of
another. Since the shifts in d-band center for such struc-

Since Niis widely used as a catalyst for the steam reformires has been tabulated by Rubsiral. [9] one can pre-
ing of natural gas to synthesis gas (£# H,O — CO +  dict which systems that should display enhanced reactivity.
3Hy) it would be advantageous if the surface propertigsn increase in sticking probability has been observed for
could be modified to yield higher reaction rates and betteH, on Co/Cu(111) [10] and Non Fe/W(110) [11]. In
selectivity. In this process the rate-limiting step is believeghe present study we focus on the properties of strained Ni
to be the dissociative adsorption of &H overlayers on Ru(0001) — in particular the ability of these

Alloy catalysts are very promising candidates for the imsyrfaces to dissociate GHThe adsorption of CO is inves-
provement of rate and selectivity in a variety of catalytic rejgated to examine how adsorption and dissociation of dif-
actions [1-3]. In this context, it is important to understangrent molecules are linked. If both adsorption of CO and
and control the reactivity of metal-on-metal structures thattiyation of CH is governed by the position of the d-band
serve as model systems. Here phenomena such as epitgxd@ker there should be a correlation between these two chem-
growth and surface alloys offer the opportunity to construga"y very different processes.

structures that are not otherwise found in nature. Already, T applicability of the d-band model in this system has
a quite detailed picture of the electronic factors determining.an established in the investigations by Kragteal. on
surface reactivity has been established [4]. Hereby, the @84, gissociation on the Au/Ni(111) surface alloy [12]. Here
tonishing correlation between the core level shift and the GQ,,55 shown that neighboring Au atoms lowered the d-band
chemisorption energy found for a number of both pristing, ey resulting in a higher GHactivation barrier [12] as
metal su_rfaces ar_ld overlgyer structures [5] can be r_at|on_ nfirmed by experiments [13,14]. The graphite formation
ized. Using density fun'c.t|onal theory (DFT) calculat|on§ s even further suppressed making the system a promising
was shown th.at the. position of the d-paqd center dete.rmm&%didate for a more stable steam reforming catalyst [13].
the CO chemisorption energy [6]. A similar relationship bel'n a previous study of Cidactivation on the clean Ni(111)

tween d-band center and activation energies for dissociati 0 Ru(0001) surfaces, apparent activation barriers of 74

gf f'Teprlgsn;;)ﬁﬁuslﬁs elgltsats ];g.rt ?h\-z'ggt;r;%ekﬁgsﬁjéﬁcjsn[t gd 51 kJ/mol, respectively, were found [15]. At 530 K the
utu u'd exploitthi : wiedge in fGal sticking probability of Ru(0001) is approximately a
design of novel materials for heterogeneous catalysis. . .
. . factor of 10 higher than that of Ni(111). Both metals are
For late transition and noble metals, a surface strain can

shift the d-band upwards and thus enhance the surface re%act_alytlcally active in steam reforming, ruthenium being the

tivity. This was demonstrated by Gsellal. by producing most active and stable, but also considerably more expensive

. . L than Ni.
local protrusions in the surface of Ru(0001) with incorpo- Pseudomorphic growth of Ni on Ru(0001) causes the

rated argon bubbles [8]. Another way to induce strain ﬁi overlayer to be strained 8% as compared to the pristine

* To whom correspondence shloud be addressed. Ni(111) surface. As a consequence the d-band will become
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narrower and move upwards and we expect a lower adfietermination (sensitivity-0.5% ML) of the carbon cover-
vation barrier for CH on this surface. Calculations showage but does not give direct information on the nature of the
that the d-band center for a pseudomorphic monolayer ecdrbon species (carbide, graphite and CH species).
Ni on Ru(0001) will shift up by 0.29 eV [9]. Thus, if a Bulb CHs exposures are initiated by sealing of the UHV
pseudomorphic overlayer can be formed this should pasiamber and then rapidly filling it with CHuntil the needed
sess higher reactivity than Ni(111). Other calculations rgressure was reached. The experiment was terminated by
veal that a Ni atom at the Ru(0001) surface has a surfademping the CH gas into a turbo molecular pump. In this
segregation energy 6£0.71 eV [16] and a mixing energy manner experiments with pressures up to 10 mbar could be
of —0.20 eV [17]. This implies — neglecting kinetic hin-conducted. The ultra-clean methane ga®94.999%) was
drances — that at low temperatures the Ni will remain at thigrther purified by flowing it through a Ni catalyst at room
surface and tend to form an alloy with Ru. At higher temtemperature. During experiments, all hot filaments in the
peratures, entropy will drive the Ni into the bulk of the Richamber were turned off and the pressure was measured
crystal. However, this may not be a major problem whewith a capacitance pressure gauge (Baratron). To ensure
considering small Ru particles. The entropy drive will irequilibration between crystal and gas temperature even at
that case be strongly limited as it was also argued for thew pressures a thermal finger of Cu [25] is brought very
Au/Ni system [18]. close to the crystal surface. Previous experiments [25] have
Previous studies on the system have shown that tB@own that when this procedure is followed, the gas temper-
growth of the first Ni overlayers adopts the Ru(0001) Sup.ture will equal that of the surface even at pressures below
face structure [19-21]. Annealing the surface may creat§ > mbar. After CH, exposure the surface composition is
3D islands [20,21]. The reactivity towards CO chemisorgxamined by AES and the amount of carbon on the surface
tion has been investigated by Berlowdzal. [20]. The TPD is measured by a TPO experiment.
of chemisorbed CO is shifted 60 K to higher temperatures Supersonic molecular beams were formed by expanding
as compared to Ni(111) [20] thus providing evidence tha 3% ChHi/He gas through a 8Qm diameter nozzle. The
Ni/Ru(0001) is more reactive than Ni(111). An increase iR0zzle was resistively heated to 1200 K. During these exper-
activity was also seen in a study of Ni-Ru alloy catalysts dinents all hot filaments in the chamber were turned off (ex-
a SiQ support for dry reforming (CkH+ CO, — 2CO+ cept for the QMS) and the surface temperature was kept at
2H,) by Crisafulliet al. [22]. NiRu alloy catalysts produced 900 K. Sticking probabilities were determined by the method
from aqueous solutions of Ni(N&%» and Ru(NO)(NQ@)s, Of King and Wells [26].

had activities superior to both pure Ni and Ru catalysts and High-purity Ni (99.99%) was deposited by evaporation.
deactivation rates comparable to Ru. Prior to deposition, the evaporator was outgassed for ex-

tended periods. The deposition procedures described below
left no detectable impurities on the surface.
2. Experimental

All experiments are conducted in an ultrahigh vacuur%‘ Resultsand discussion
(UHV) chamber with base pressure below $dmbar de- 51 5ronth
scribed previously in [18]. Available equipment is Auger
electron spectroscopy (AES), temperature-programmed de-As in the study by Berlowitzt al. [20] two different Ni
sorption (TPD) and low-energy electron diffraction (LEEDHeposition procedures were used: (a) Ni was deposited at a
optics. The Ru(0001) crystal is oriented using Laue X-raytystal temperature of 500 K and subsequently the crystal
diffraction to within 0.5 of the crystallographic plane whichwas flashed to 700 K. (b) Ni was deposited at 500 K fol-
implies a step density of 1% or less [23]. The tempefowed by a 2 min anneal at 1100 K. In the following we
ature was monitored with a chromel/alumel thermocouplgill see that the reactivity of these two different surfaces are
spotwelded to the crystal. The crystal is initially cleaned ugery different. The growth pattern was examined by plotting
ing Art sputtering and then routmely cleaned by heating e AES Ni(61 eV)/Ru(273 eV) ratio versus the amount of
1473 K in an atmosphere of 8 1078 mbar & followed Ni deposited as measured by the area of then)é = 58
by 3 min annealing at 1473 K. This procedure results MPD peak at 1350 K. The Ni(61 eV) and Ni(848 eV) AES
a contaminant-free surface as detected by AES. The c@¥gnals were observed to be proportional but the higher sur-
erage of carbon was determined by heating the crystalfiice sensitivity of the 61 eV line caused us to prefer this.
an atmosphere of % 10~7 mbar @ and monitoring the For Ni overlayers flashed to 700 K a monotonic increase
m/e = 28 amu quadrupole mass spectrometer (QMS) sigrial AES Ni/Ru ratio is observed. This indicates multilayer
(temperature-programmed oxidation — TPO). The amountgfowth, as observed by Berlowigt al. [20]. We did not
carbon on the surface is then proportional to the area belolWserve clear breaks in the slope of the AES data (layer-by-
this curve. Calibration is done by comparing with the ardayer growth), as reported previously [20,21]. When the Ni
of a CO TPD following CO saturation at room temperaturélms are annealed to 1100 K the AES Ni/Ru intensity ra-
which corresponds to 0.56 ML [24] (1 Mk 1.58 x 10'° tio for thick Ni films saturates at a constant level. Berlowitz
sites nT2 on Ru(0001)). This TPO method allows accuratet al. also find this behavior, and report that the saturation
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level corresponds to an Ni coveragee2.2 ML [20]. We
therefore calibrate our Ni coverage by identifying the AES

CO TPD from Ni/Ru(0001)
flashed to 700 K

209

Ni/Ru saturation value for Ni films annealed to 1100 K with
2.2 ML. Some uncertainty is related to determining the satu-
ration level, but we are confident that this coverage calibra-
tion is correct withint=20%.

The reduction in AES Ni/Ru ratio upon annealing was
interpreted as the result of 3D island formation on top of a
Ni monolayer (Stranski—Krastanov growth). Kotaczkiewicz
and Bauer [21] also observe that annealing of low-temperature
deposited multilayer Ni films results in agglomeration and a
decrease of the Ni AES signal.

Our LEED observations show that both preparation pro-
cedures lead to pseudomorphic overlayees (1x 1) LEED
patterns) at Ni coverages belevd.7 ML. In the regime 0.7—
1.6 ML a Moiré pattern (approximately (14 14)) appears
for the samples flashed to 700 K, whilst the samples an-
nealed to 1100 K still display the (% 1) structure. Thor-
ough analysis of LEED pictures from a clean Ru(0001) sur-
face and pictures from 1 ML Ni annealed to 1100 K showed
no difference in the spot distances. This means that any
deviation from pseudomorphic growth is undetectable us-
ing our LEED setup. At coverages above.7 ML only
the Moiré pattern is seen for both deposition methods. This

mterference pa_ttem |mpI|es that the Ni overlayer aSSL_JmEiaure 1. CO TPD following exposure to 30 L CO at room temperature. Ni
the Ni(111) lattice parametet/ (= 2.49 A). Both deposi- was deposited at 500 K and subsequently flashed to 700 K. The heating rate
tion procedures thus initially lead to pseudomorphic growth. was 2 K/s. The Ni coverage is given at each spectrum.

As more thar~0.7 ML Ni is added extensive annealing to
1100 K is needed to produce pseudomorphic overlayers.

A STM study by Meyeret al. [19] shows that the
first monolayer grows pseudomorphically when deposited at
550 K. Additional Ni leads to a reconstruction of that layer
to form a denser phase, whilst bilayer and thicker films lead
to Moiré structures.

The decrease of the AES Ni/Ru ratio when annealing
multilayer samples may also be caused by diffusion of ex-
cess Ni into the bulk of the Ru crystal. Based on the present
data, we will only conclude that Ni initially grows pseudo-
morphically and then relaxes to the Ni(111) structure. The
annealing temperature influences the Ni coverage where this
relaxation takes place.

QMS signal (m/e=28) [arb. units]

350 400 450 500 550
Temperature [K]

300 600

CO TPD from Ni/Ru(0001)
annealed 2 min. at 1100 K

| 1.2 ML
0.6 ML

0.25 ML

3.2. Adsorption of CO

We have tested the reactivity of the Ni overlayers by de-
sorption of adsorbed CO. In figures 1 and 2 the TPD spec-
tra following exposure to 30 L CO at room temperature are
shown. The Ni coverage is indicated at each spectrum. For
the samples that have been flashed to 700 K we observe
a gradual decrease of the characteristic Ru(0001) double
peak [27]. As we reack1.9 ML Nithe TPD is very similar
to the data published for CO desorption from Ni(111) [28].
No new features appear in the TPD spectra.

The surfaces that have been annealed 2 min at 1100 K
display quite different properties. A new peak-a500 K Figure 2. cO TPD following exposure to 30 L CO at room temperature. Ni
evolves when Ni is added to the surface and only disapas deposited at 500 K and subsequently annealed 2 min at 1100 K. The
pears as the Ni coverage exceeds5 ML. This has previ- heating rate was 2 K/s. The Ni coverage is given at each spectrum.

QMS signal (m/e=28) [arb. units]

Ru(0001)

350 400 450 500 550
Temperature [K]

300 600
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ously been observed but from a differently prepared surface. ™’ Thermal dissociation of CH. at T=530 K
Berlowitz et al. [20] only anneal the surface to 700 K and, O Ni/Ru(0001) 2 mini100 K anneal
observe that the CO desorption peak is situated at 500 K fgr 4e-7 - @ Ni/Ru(0001) 700 K flash
1 ML Ni/Ru(0001). This is in agreement with our data fromg
samples annealed 2 min at 1100 K. Possibly, the duration'&f
the 700 K anneal could influence the results. Berlowitz
al. [20] do not give information on the annealing time used.;a G

When~2 ML Ni has been deposited, the further additionZ 27 1
of Ni does not change the shape and position of the speci.za
significantly. At this point the Ni layers seem fully relaxed;E .7
since the CO TPD spectra are almost identical to that o
tained on Ni(111) [28] and from Ni/Ru(0001) surfaces an- ~ {..............7® ®—
nealed to 700 K. Judging from the areas beneath the TPD 0 : : ' )
curves the amount of adsorption sites on the two differently
prepared surfaces is almost equal.

For Ni coverages below 1.2 ML we observe a new featuggre 3. Initial sticking coefficient of Cifon Ni/Ru(0001) overlayers at
at 500 K in the CO TPD spectra from surfaces annealedm@ts = Tgyrace = 530 K. Filled symbols are surfaces annealed 2 min at
1100 K. This is a sign of stronger binding of CO on thes&L00 K whilst open symbols have been flashed to only 700 K. The solid
surfaces and we ascribe this stronger binding to the higHéf d::*,lﬁ(dlE)iiﬁsgg‘:nesetrgﬂz ‘[’i’g] ?;;2‘;‘;;‘1 "”’i;’gi‘;ﬁ:eso;'EH"a'“e
position of the d-band on the pseudor_norph|c overlayers [%Ti?gher than both Ni(111) Zmd Ru(0001) on the ove?la’)yers thatyhave been
We do not observe the 500 K feature in the CO TPD spectra annealed at 1100 K.
from surfaces that have only been flashed to 700 K, indicat-
ing a difference in surface structure depending on annealiggme similar to those of Ni(111) as the Ni coverage exceeds
treatment. Although both structures seem to be pseudomo2 ML. Furthermore, in both cases the Ni surfaces that have
phic for Ni coverages below0.7 ML there is a strong dif- been annealed 2 min at 1100 K exhibit the highest reactivity.
ference in reactivity as seen by CO adsorption and also —laghe CO TPD experiments this higher reactivity manifests

3e-7

Ni Coverage [ML]

we shall see in the following — for CHlissociation. as the appearance of a new desorption peak at higher tem-
peratures. In the dissociative adsorption ofGite observe
3.3. CH4 dissociation a higher value ofg. The Ni coverage at which the surface

is most reactive seems to concur in the two types of exper-

The dissociative sticking probabilityg, of CHs was iments. Examining the spectra of figure 2 we note that the
measured by exposing the crystal to £gas and subse- peak temperature of the feature~a500 K is maximal for
guently determining the amount of carbon on the surface byNi coverage in the range 0.6-1.2 ML. This agrees with
TPO. The initial sticking coefficient is calculated as the ratithe position of the maximum in figure 3. If the increased
of adsorbed carbon atoms to the number ofy@hblecules reactivity is a result of the strain induced by the pseudo-
that have impinged on the surface during the gas exposurerphic growth we would expect that 1 ML Ni/Ru(0001)
This will lead to an underestimation @f at high carbon is the most reactive overlayer. When the maximum in fig-
coverages, but as we restrict ourselves to coverages below 3 occurs slightly below this value it could in part be due
0.1 ML the error will be less than 20%. to a small error in the coverage calibration. Possibly, the

In figure 3 we showsg as a function of the Ni coveragegrowth of the second Ni layer starts before the first mono-
at Tsurface= Tgas= 530 K. This temperature is high enougHayer is completed. In all cases, we have by deposition of
that no CO will adsorb on the crystal. Furthermore, at thNi (that is less reactive than Ru) on Ru(0001) created a sur-
temperature the value af is low enough that reasonableface more reactive than both Ni(111) and Ru(0001). The ini-
pressures£10-2 mbar) can be used. We observe two vertial sticking probability of CH is a factor of 20-30 higher
different behaviors ofg depending on the preparation prothan on Ni(111) and a factor of 2 higher than on Ru(0001).
cedure. For Ni overlayers flashed to 700 K the sticking prof+his clearly demonstrates the unique properties of metal-on-
ability decreases monotonically from the value on Ru(000Mjetal systems.
(2.4 x 107"  to (L5 1) x 10-8, which within uncertainty ~ The observed reactivity increase can be discussed in
is the value reported for Ni(111) at this temperature [15ferms of ensemble and geometrical effects, special reactiv-
When the surface is annealed to 1100 K we observesthatity of steps and defects or it may be the result of elec-
goes through a maximum at approximately 0.7-0.8 ML. Faronic factors. Let us first consider the influence of ensem-
higher amounts of Ni deposited the sticking coefficient ddéle and geometric factors. Theoretical studies have shown
creases and levels off at the same value as for the samthest dissociation proceedta a path right over one of the Ni
flashed to 700 K. atoms [12,29], so the geometry of the transition state should

The results obtained in the GHlissociation experiments not be affected by a change in Ni—Ni distance. The fact that
are in qualitative agreement with the CO TPD spectra prere observe a sticking coefficient higher than both Ru(0001)
sented above. In both cases the properties of the surfacedned Ni(111) can therefore not be rationalized in terms of
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0.25

a geometric or ensemble effect. The influence of atomic " [CH, dissociation on Ni/Ru(0001) annealed 2 min. at 1100 K
steps and surface defects must also be addressed. In a regent fo — | o7
paper [15] the influence of such special sites on the, CFg 020 1 o\ O Molecular Beam
dissociation on the pristine Ru(0001) and Ni(111) surfac% )7 o 3% CH/He T,,,=1250K |

\ O Bulb Experiment T=530 K

was investigated. It was concluded that the steps indeed g&eo.s | (Reproduced from figure 3)

more reactive but are quickly blocked with adsorbed carbog?
When the carbon coverage exceeds the step density, no sign, , ¢
of the steps can be seen. As we conducted our measuie-
ments at carbon coverages of 5-10% ML we do not expegt
any influence of such sites. To corroborate this, we measurgd 005
carbon coverageersus exposure data (the uptake curve) for
a few Ni overlayers. A first-order Langmuir expression gave %% : T T
a satisfactory fit, and no sharp kinks were seen in the curve.
Therefore, the increased reactivity cannot be explained by
the presence of steps Qr_defeCts' Figure 4. Initial sticking coefficient of Ciimolecules produced by a su-
The enhanced reactivity must therefore be related to elegrsonic molecular beam of 3% Gt with Thozze = 1200 K. The Ni
tronic effects: the d-band of the strained overlayer is shiftegdrfaces have been annealed 2 min at 1100 K. The dashed line and open
upwards by 0.29 eV [9] stabilizing the transition state conwircles show the thermal sticking at 530 K. The solid line is a guide to the
plex as compared to Ni(lll). The d-band center pOSitiOﬂqge- We see a monotonic decreaseqds Ni is agded. This behavior is in
a general measure of surface reactivity, so both chemisorp- contrast to the thermal experiments.

tion energies and activation barriers are lowered as theflze gyring these experiments was 500 K. Also shown is the
band center.shlfts up [7]. The cprrelanon be_twgen the h'g_hﬁéhavior of the thermal sticking probability &t = 530 K

CO adsorption energy and the increased sticking pr_obat_)ntféfashed line) reproduced from figure 3. The behaviarof

of CH, can thus be understood. Furthermore, the implicgz pigh translational energies produced by molecular beams
tions of our findings extend to the activity of real catalystsg markedly different. so decreases monotonically until it
Crisafullli et al. [22] ascribe in agreement with the preseniagches a constant level for Ni coverages abseML.

data the higher activity (measured at 873 K) of NiRu catasyj|  the sticking probability slightly below 1 ML Ni is

lysts to metal-metal interactions. The alloy particle surfacqansgher than that of many layers of Ni, but a maximum is
are mainly covered by Ni, and our system is thus a very rgpt gbserved.
alistic model of these catglysts. In this context, it should be \ne cannot offer any explanation of the different behav-
noted that the endothermic steam reforming process usuglly of the sticking coefficient as function of Ni coverage in
is carried out at high temperature (900-1300 K). This meaggam and bulb experiments. Certainly the gas—surface inter-
that the data from surfaces annealed to 1100 K are the mggfion depends strongly on incident translational energy and
relevant for applications within industrial catalysis. it may be that — as for NRu(0001) [23] — the dissociation

_ The surfaces that are only annealed to 700 K show pgyte at beam energies is different from that at thermal en-
signs of enhanced reactivity. The available surface analygigies. Further studies at different translational energies are
equipment does not allow us to speculate on the origin fbeded to clarify this point. One may speculate that in bulb
this phenomenon. For low coverages there is a big diffeg&xperiments the dissociation occurs over Ni atoms displaced
ence in reactivity betweelj surfaces flasheq to 700 and §ymal to the surface as discussed in [15] and [30]. This
nealed to 1100 K, respectively, but LEED pictures and AEQte is not probed in a beam experiment where the flux of
spectra only display significant differences at Ni coverages4, molecules is much lower. This would mean the sticking
above 0.7 ML. In short, we do not understand the cause Qefficient is related to the elastic properties of the surface.

the observed reactivity difference between surfaces anneaiggihermore, dynamical effects may come into play at the
to 700 and 1100 K, respectively. With the available equigsigh translational energies.

ment we cannot detect any difference. To resolve this issue,

amore detailed atomic scale stuayg(, by STM) on the in- 3 4. Temperature-programmed oxidation

fluence of annealing on the surface structure must be carried

out. After CH4 exposures a TPO was conducted. Such an ex-
Finally, we have investigated GHlissociation at high periment is the reverse process of CO dissociation and may

translational energies using a 3% #ZHe supersonic mo- yield information on this reaction. Representative spectra

lecular beam with a nozzle temperature of 1200 K. Thisom Ru(0001), 1.1 ML, and 2.6 ML Ni films annealed 2 min

mixture results in a translational energy of the £ole- at 1100 K are shown in figure 5. The coverage of carbon is

cules impinging on the surface of 78 kJ/mol, as measuredlicated at each spectrum. The spectra for Ru(0001) are

by time of flight techniques [31]. At this energy is suf- similar to what has been published previously [31]. It is

ficiently high that it can be measured by the procedure ofear that on all surfaces, the peak moves towards higher

King and Wells [26]. In figure 4 the results are presented feemperatures with increasing coverage. This could be due

Ni surfaces annealed 2 min at 1100 K. The surface tempeta-a blocking of the sites available for oxygen dissociation

F 2e-7

F le-7

Ni coverage [ML]
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Temperature Programmed Oxidation between C and O was lower at a step site. Possible influence
] 0.53 ML from Ni/Ru(0001) of step-related effects should also be considered for these ex-
e annealed 2 min at 1100 K . .
periments on the Ni/Ru(0001) surface. However, one would
expect the thicker Ni layers to have the highest defect den-
sity and it thus seems that steps/defects have minor influence
on this reaction.

2.6 ML Ni

4, Conclusions

The reactivity of Ni/Ru(0001) towards CO adsorption and

CHy dissociation was investigated. We find that
1.1 ML Ni

e Pseudomorphic Ni overlayers can be produced that both
bind CO stronger and dissociate ¢H factor of 20-30
better than Ni(111).

e The reactivity depends critically on the preparation an-
nealing procedure. Flashing the samples to only 700 K
resulted in overlayers significantly less reactive.

e Molecular beam experiments showed a monotonic de-
crease of the sticking probability of GHs Niwas added.

400 450 500 550 600 650 700 750 soo ® Temperature-programmed oxidation reaction indicated
the adsorbed carbon to be more reactive on Ni/Ru(0001)
than on Ni(111). The barrier for CO dissociation is low-
ered.

QMS signal (m/e=28) [arb. units]

Ru(0001)

Temperature / K

Figure 5. Temperature-programmed oxidation reaction on Ru(0001) and

Ni/Ru(0001) surfaces annealed to 1100 K. The heating rate was 2 K/s. T\h% observe a correlation between enhanced binding of CO
carbon coverages are indicated. The desorption peak is situated at lo

temperatures on the 1.1 ML Ni sample compared to the thicker Ni filngﬁrd I,ncreased S.tI'CkIng probablllty of GHand we a,scnbe
This implies a lower CO dissociation barrier and that the adsorbed carbdie Nigher reactivity of Ni/Ru(0001) to an electronic effect:

is more reactive. the d-band of the strained Ni overlayer is moved upwards

compared to Ni(111) making the surface more reactive.
or carbon island formation. On Ni(111) recombination of
carbide and oxygen on the surfade (= 0.20; 60 = 0.25)
gives rise to a peak around 670 K [32]. We observe that tA¢knowledgement
TPO peak for thick Ni films 2.6 ML) is situated at some- i . )
what lower temperatures. We ascribe this to the fact that in 1€ Center for Atomic-scale Materials Physics (CAMP)
our experiments a much higher amount of oxygen is preséﬁtsponsored by the Danish National Research Foundation.
to react with the carbon and desorb as CO.
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